FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Introduction

The ahility to perform basic operations with whole numbers (addition,
subtraction, multiplication, and division) is fundamental for success in all levels
of mathematics. Therefore, we will briefly review these operations in this section.
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Place Value

Recall that in the number 555, for example, each of the 55 represents a
different value. The rightmost 5 represents five ones. The middle 5 represents
five tens ar 20, and the leftmost 5 represents five hundreds or 500 . This
concept can be represented by thinking of 255 in terms of dallars. The
rightrnost 5 means 5, the middle 5 means £50, and the leftmost 5 means

F500 . This is why it is read as "five hundred fifty-five dollars.”

The position of a digit in a number determines its value. The position is called
place value. The following table shows the place value of each digit in
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Billions
Hundred-rmillions
Ten-millions
Millions
Hundred-thousands
Ten-thousands
Thousands
Hundreds

Tens

Ones
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Adding Whole Numbers

Whole numbers are a family of numbers that starts with zero and builds up one
atatime {0, 1, 2, 3, 4, ...}. These numbers can be shown on a number line.

Each red dot on the number ling below represents a whole number.

3 -2 = | 1] 1 2 3 4
H & # L e

A

All whole numbers are on or to the right of Zzero on the number ling. The
numbers to the right of zero are also called positive numbers.

The "+" symbol is used to show addition. The number ling can be used to add
two whole numbers. For example, to add 14+ 3, start at point 1 an the number
line and move 3 units to the right. %ou will land on point 4 , which is the answer
to this problem. This addition can be written as 14+ 2= 4. The numbers 1 and
3 are called the addends and 4 is called the sum.

Mote the examples of addition below to see the
addition process on the number ling.

Q3= 12 4+3=7

3 of 11
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Yertical Addition

vertical addition can be used when adding numbers with more than one digit.
For example, to add 24 + 56 | write each number vertically so that the digits

align by place value. If the sum of the digits in a column is greater than 8 |, carry
all but the ones value of that sum to the next column on the |eft.

1 Adding 4 and 6 in the ones caolumn results in 10,

24

Wirite 0 under the ones digits, but since the "1" in*10"

+56 represents aten, carry itto the tens column éhis 1 is written in
20 red ahbove the tens column at left.

Then add this 1 with the other numbers in the tens column, the
numbers 2 and 5, which is 8.

EXAMPLE A
Add 7 6RY +1.472 4+ 308 vertically.

L Add the digits in the ones column first: they add up to 23.

TEER
Wirite 3 under the ones digits, and 2 above the tens column shown in
L4766  red atlef).

+ 308 Add the digits in the tens column including the 2 that was carried over
9 473 from the first surm; we get 17,

Wirite 7 inthe tens place and carry the 1 to the hundreds column. Add
the hundreds column: 14

Wirite 4 inthe hundreds place, carry the 1 to the thousands column and
add this column: 9.

4 of 11
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Subtracting Whele Numbers

If & sandwich is $2 and a drink is 1, what is the total cost of these two iterms®?
Tofind the answer, youwould add the two prices.

5+1=6

Mow, if you have only $9 in your pocket, after paying $6 for the food, how much
money would you have [eft? To answer this question, you would subtract or find
the difference between the amount you have and the amount you pay. The "-"
syrnbal is used to show subtraction.

LB
This shows that yvou have $3 left.

Addition and subtraction are closely related. For example, in the problem ahove
if we add 3 and 6, the sum is $9.

9—6=73 because 3+6=9

5 of 11
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Yertical Subtraction

Like addition, if the numbers that are being subtracted have more than one digit,
then it is more convenient to subtract vertically. The first nurmber, or the number
being subtracted from, is called the minuend, and the second number, or the
nurnber being subtracted, is called the subtrahend. The answer to subtraction
is called the difference. To check if the difference is correct, add the difference
and the subtrahend. If the surm is egual to the minuend, the answer is correct.

EXAMPLE B
Subtract 48 — 25 vertically.
48 &—— rinuend Subtractthe ones digit first.
— 25— subtrahend Subtractthe tens digit.
23— difference Find the difference.
Add to check the answer:
23
+25
48 v
& D'F_ll_
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Subtracting with Berrowing

In & subtraction problern, if the digit of the second number (subtrahend) in any
colurnn is larger than the digit of the first number (rminuend) in that column, then
borrowing can be used to find the difference—borrow from the colurn to the left.

Method I: A common method of borrowing follows the steps below,

1. Borrow & 1 from the tens column of the minuend. Since this is 1 ten being
borrowed, add 10 to the ones digit in the minuend.

2. Subtract 1 (since itwas borrowed) from the tens colurmn of the minuend.
Frorm this difference subtract the tens value of the subtrahend.

3. Repeat the same procedure for any other columns that reguire bomrowing .

EXAMPLE C
Subtract: 22— 56,

Since 6 iz greater than 2, borrow 1
fram the tens digit of the minuend
—56& and change the 21012, Since 1 is

2 12 Subtracteach column: R

¥z 4

— borrowed from 3, cross outthe 9 -5 6 -5 4
and change itto 8. - = .
306

Subtract: 2,021 457, EXAMPLE D

2.021 Motice thatwe need to use borrowing T b 3 A

M1l
for the anes, tens, and hundreds
— 457 columns. Borrow 1 from the column to 2=':'/2(1 = %’ﬁf}’ = ,g/ﬁsz

the left and continue hormowing as
s —457 - 457 - 457
4 4 1.564
7 of11
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Method Il: Another method of borrowing follows these steps:

1.W'rite a 1 before the ones digit in the minuend. This 1 is borrowed
from the tens colurmn.

2. Add 1 (since it was borrowed) to the tens colurmn of the subtrahend,
and subtract this sum from the first number.

3. Repeat the same procedure for any other columns that require

borrowing.
EXAMPLE E
Subtract: 92— 56,
Since B is 912 [ oy 912 To subtract the tens Mowe subtract g7
greater than subtract & remmemhberthat a 1 has B from 9,
—56 2, writeal _ & fram 12, R heen borrowed from +1  andwritethe +3
—  hefore the 2. ——— This results —— this column. Mentally  — 56 difference. — S5 &
This changes i 6. & add 1 to the 5 ofthe — _
itto 12, subtrahend; which A 25
changes itto 6.
EXAMPLEF
Subtract 73,608 — 25 164
FER L Motice that the tens and 1 1 Mo subtract each 1 1
’ thousands columns need 756709 column from right 75609
—25 164 horrowing. \Write 1 before o+ to left 9 — 4, 1+
— these digits inthe minuend. _ 10—-6, 6-2, -
Also add 1 to the digits of 23,164 13-8and ¥—-3. ﬂ
the subtrahend in the 49445

column to the left of each.

Practice hoth methods of subtracting with borrowing and decide which method
you prefer.

g of 11
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Multiplying Whole Numbers

Multiplication is & short way of adding the same number several times. The " x"
syrnbol is used to show multiplication. For example;
2434 3534+343 can be writen as 2x 5
5 ofthem

B 34354343 ="15" and Bx5H=15

The answer to a multiplication problem is called a preduct and the numbers
being multiplied are called factors. Tofind the answer to a multiplication
problem, either write each multiplication problem in the form of addition (not
recommended), or use products you've memorized from the Multiplication Table.

EXAMPLE G
Multiply using the multiplication table: 24 =7
3 Multiphy 4 by 7. The product g Multiphy 3 by 7. The product is
34 iz 28.'Wyrite 8 inthe ones 24 21.Add the 2 thatwas carried
column of the answer and to the 21 to get 23, Write 3 in
® carry 2 {in red) to the tens w7 the tens column and 2 in the
T columm. — hundreds column of the
2 238 answer.
EXAMPLE H

Multiply using the multiplication table; 563x 79

This exarnple reguires multiplication with multi-digit nurmbers. To multiply 79 by
563, first multiply 9 (the anes column of 79) by each digit of 563, then multiply 7
(the tens column of 79) by each digit of 563,
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

Dividing Whole Numbers

To write a division problem such as "a divided by & " three different symbols
can be used.

[
Division symbols: &a, a=5b, —
¥ Ja T
In these division profblems, « is called the dividend, & is called the diviser,
and the answer is called the queotient. Multiplication and division are closely

related. To check the answer to a division problem, multiply the guatient by the
divisor. The product should equal the dividend.

Long division is a common way of dividing two whaole numbers such as
345+ 5. The answer to this problem is how many times 5 goes into 345

EXAMPLE |
Divide using long division: 345+ 5.
2 & quotient First arrange the numbers as shown
here.
divisor —> 51345 — dividend
10 of 11
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FOUR BASIC OPERATIONS USING WHOLE NUMBERS

EXAMPLE J
Divide using long division: 2,470+ 21,
T quotient
e e o BAVSTATRIE | e First arrange the numbers as shown.
1 Think of how many times 21 goes into 24. The answer
is 1. WWrite 1 in the guotient space above the 4.
2 1524?0 _ :
multiply 1 by 21 and subtract this product from 24, The
_21\1/ difference is 3.
Bring down the 7 (blue arrow’ to the right of 3 and
37 start the process again.
11
Think of how many times 21 goes into 37. The answer
21 :-'247[:' is 1. Write 1 inthe quotient space.
=21 Multiply 1 by 21 and subtract the product frarn 37,
£, \L The difference iz 16.
g | \[, Bring dowen the 0 (blue arrowd and start the process
W again.
117 Think of how many times 21 goes into 160. The
21524?0 easiestway is t0 guess this number by thinking how
\L\L rmary times 2 goes into 16. The answer is 8 times so
L guess ¥ and write it in quotient space.
37 Multiply 7 by 21 and subtract this product from 160,
. The difference iz 13.
160 MOTE: Always make sure that the rermainder is
—147 smaller than the divisor.
13 < remainder
END OF LESSON 11 of 11
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Which of these are whole numbers: 6, 33, -11,

3| -

, —42,100, 0.5, 07

I

Perform the indicated operation without using a calculator.

2,469
301
+ 785

Perform the indicated operation without using a calculator.

10,023
— 875
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Perform the indicated operation without using a calculator.
1,009
< 1,009

Perform the indicated operation without using a calculator.

369 + 21
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MATH VOCABULARY

Introduction

Becoming familiar with mathematical terrminology is an important first step in
learning algetra. We will discuss some of that terminology in this lesson.
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MATH VOCABULARY

A variable is a letter that stands for a number, such as x, v, z,0r &

Wariahles can be combined with numbers and the arithmetic operations addition,
subtraction, multiplication, and division to form mathematical "phrases” called
expressions. An expression does not contain an egual sign and can be
simplified or evaluated. There are many diferent types of expressions and
rultiple technigues for simplifying. We will Iook at expressions in greater detail
throughout this course.

An equation is a mathematical "sentence” that contains an equal sign. An
eguation can also be thought of as two expressions that are equal to each dther.
Equations can be solved. To solve an equation means to find the numerical
value of the variahble that is in the eguation.

Expressions Equations
2 xapl=
Ax—104y y+o=—5

Terms and Coefficients

Aterm is a number or the product of a number and avariahle. Terms are
separated from one another by addition or subtraction symbols. The expression
2x+5 has two terms. One term is 2x , and the other term is 2. In the
expression 3x+ 104y, there are three terms. These terms are 2x, 10, and

v . The eguations x+1=9 and »+5=-& each have two terms an the left
side of the equation and one term on the right side.

zaof s
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MATH VOCABULARY

A term can be either a variable term or 3 non-variable term.

o If aterm containg a wariable, then it is considered a variable term.
Example: 3x, 5x , and x.

o If aterm does not contain a wariable, then it is considered a non-
variahle term. Example: 3, 4 and % A non-wariable term is also

called a constant.

All wariable terms hawve coefficients. [n 2 variable term, the coefficient is located
in front of the wariable, and the coefficient and variable are multiplied by each
other. The term 5x means > times x,where 5 is the coefficient and x is the
variable. 5x also means:

Xtx+x+x+x
5 of them :

Inthe terms éx, 2y, and &, the coefficients are &, 2, and 1, respectively. In

the case of & |, the coefficient is 1; howewver, we do not write the 1 since
multiplication by 1 does naot change the value.

A constant is always a number without a variable. In the expression 2 + 3z | the

constant is 2, the variable term is 2z |, the coefficient is 3, and the variable is
Z
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. MATH VOCABULARY
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MATH VOCABULARY

EXAMPLE A
In the expression 3x+ 5, how many terms are there?

Twi terms: 3x and 5, which are separated by the "+ " sign.

EXAMPLE B
In the expression 3x+ 5, what is the variable term? What is the wvariable?

The only variahle term is 3x and x is the variahle.

EXAMPLE C
In the expression 3x4 5, what is the coefficient?

3 is the coefficient, because in the variable term 3x , 3 is the number that is
multiplied by the variahle x .

EXAMPLE D
Is there any constant term in 3x+57

Yes: 5 is the constant or norkvariable term.

Saofs
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. MATH VOCABULARY

Extended Example 1a
In the expression sk-+e+ 73, how many terms are there? Listthe terms.
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MATH VOCABULARY

Factors

Recall from the previous section that facters are numbers or variables that are
multiplied together. In the term 6x , the & is the coefficient that is being
multiplied by x to make the expression 6x . Therefare, & and x are factors of
fx . The expression 32x+% has two terms. One term is 32x, inwhich 22 is
the coefficient and x is the variahle, and the other term is 2 . Since 32 and x
are multiplied together, they are factors of 32x .

Mote: There is more than one way to show multiplication in algebra. For
example, " 5 times 2" can be written as

g% olfah OoiE). 35 B0 onr (305

YWwhen multiplying by a variable the same rules apply. For example, "7 times x*
can bewritten as 7-x, ix, (N(x), x-7, x(h), or (x5, but the most
common way is to write it as 7x .

In algebra, division is often shown in fraction format. For example,
4x

"dx divided by 7" is commonly written as

Fofs
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MATH VOCABULARY

EXAMPLE E
What are the factors of 5x 7

The factors are 5 and x . Wote that the number 1 is also a factar of 5x ; even
though it is not shown, we know that 1-2x = 5x .

EXAMPLE F
What are all of the factors of 124 7

Wie can see right away that four factors are 1, 12, &, and ¢ . However, notice
that there are also several other factors of 12:
Ge2=12 and 4-3=12.

So, all of the factorsof 124 are: 1, 2, 3,4, 6, 12, &k, and £.

Question: What are all of the factors of 24x %

END OF LESSON g of 8
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Decide whether the following is an expression or an equation.

3Xx—2y+6

Tell how many terms are in the expression.
4x+y-9+ 2z

Identify each of the following. a) the variable terms, b) the variables, c) the
constants, and d) the coefficients.

8m+ 2n

Chapter 1- Section 2- page 9



Identify each of the following: a) the variable terms, b) the variables, c) the
constants, and d) the coefficients.

4x+y+9+ 2z

List all of the factors for the expression.

15mn
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COMBINING LIKE TERMS

Introduction

As mentioned in the previous section, expressions can be either simplified or
evaluated . Simplifying is 3 procedure that makes the expression ook simpler
and shorter. Simplifying does not change the value of the expression; it onky
changes the appearance of the expression.

The following are procedures used to simplity an expression;
# Comhbining like terms
# Distribution

We'll discuss combining like terms in this lesson, and we'll review the
commutative and associative properties of addition and multiplication.

1af7
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COMBINING LIKE TERMS

To combine items that are alike means to combine the number of things or ideas
belonging to the same category,

For example, if you counted 6 apples, 1 orange, 3 apples, and 4 oranges ina
fruit bowl, wou would probably say that there are B apples and & oranges inthe
bowl, To get this, you add 6 apples + 3 apples to get 9 apples, and 1 orange +4
oranges to get & oranges. You did this because those items were alike. Algebra
works much the same way, except that numbers and wariables are used instead
of wards.

In mathematics, items that are alike are called like terms. The example of fruit
in a fruit bowl can be expressed in algebraic form if we think of apples as x and

Oranges as y:

bx+ v+ 3x+4y
Gx+3x+v+4dy  Gather like terms so they are next to each other,

9x4+5y  Combine like terms.

To combine like terms is to add or subtract those terms that are alike. The
coefficients of the terms with the same variable were added: the coefficient of
the first x -term with the coefficient of the second x-term, and the coefficient of
first » -term with the coefficient of the second » -term.

2ot 7
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COMBINING LIKE TERMS

EXAMPLE A
Combine the like objects shown Delow.

BRY T hARAATT Y
REBTTTT T kkkk

2 moose +2 keys + 2 stars + 1 moose + 2 stars +3 keys =
2 moose +1 moose +2 kKeys + 3 keys + 2 stars + 2 stars =
3 moose +5 keys +4 stars

Even though the order of the items was "scrambled” in the original problem,
wou still combine moose with moose, kKeys with keyws, and stars with stars 1o
find the total number of each object. Algebra works in a similar way.

Example B on the next screen is an algebraic form of Example A with x
reEpresenting keys, ¥ representing moose, and stars as constants.

Zaof7
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COMBINING LIKE TERMS

EXAMPLE B
Simplify the expression 2y +2x+2 + v+ 2+ 52

2v+2x+24+y+2+5x
= 2x+3x+2y+y+242  Gatherlike terms so they are next to each other.
= x4+ 3y+4 Combine like terms.

The standard arder for writing an expression in algebra is to write the wariable
terms first {in the order they appear in alphabet) with the constant at the end.
The expression 5x + 2y + 4 cannat be simplified or combined any further

because the remaining three terms are not alike,

EXAMPLE C
Simplify: x+44+2x4+6

s+H4+2x+6 = 1x+4+2x+6 Write x as 1x.
=lx+2x+44+6 Gatherlike terms.
= 3x+4+10 Caombine like terms.

In mary cases, you will simply be asked to simplify an exprassion. ITis up to you
to recognize it and how an expression is to be simplified.

4 af 7
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| COMBINING LIKE TERMS

Extended Example 1a
Simplity. S+3y+7+2y+y+1.
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COMBINING LIKE TERMS

Addition and multiplication are both commutative and associative operations.

Commutative Property of Addition and Multiplication

The Commutative Property sllows the arder of two numbers that are being
added or multiplied to be reversed without changing the final result,

Examples:

| Addition || Multiplication |
5L4=9 5(4) =20

4+5=9 | 4(5)=20

For both examples above notice that even though the order of the terms was
reversed the results remained the same.

&aof 7
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COMBINING LIKE TERMS

Associative Property of Addition and Multiplication

The Associative Property states that changing the grouping in an addition ar
multiplication problem will not change the final result. For example, compare the

following:

14+ (7+5)

is the same as

(1+71+5

is the same as

=ince both addition and multiplication are commutative and associative,
nurmbers can be added or multiplied in any order. The cormmutative property of
addition is the property that allows Us to rearrange the order of terms in an
expression when we are combining like terms. Motice this in the following

Example:;

+5+20x4+8

Al

rearrange the terms.

END OF LESSON

x+20x4+548 Use the commutative property to

Fof 7
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Simplify.
Bx+9y+ 2x+y

Simplify.

17m+5n+3+8m+4

Simplify.
6m+10n+17p+dm+2g+8p +3n+9qg

Chapter 1- Section 3- page 8



Determine which property is used. commutative property of addition,
commutative property of multiplication, associative property of addition, or
associative property of multiplication.

(9+3)+m=(3+9)+m

Chapter 1- Section 3- page 9



THE DISTRIBUTIVE PROPERTY

Introduction

Another property used to simplify expressions is the Distributive Property,
which we explore in this lesson. Remermber, simplifying does not change the
value of the expression. It only changes its appearance.
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THE DISTRIBUTIVE PROPERTY

Consider this: Three groups of musicians are coming to town to perform in 2
show. Each group consists of § women and 4 men. How mary total women are
there? How mary total men?

To find out, multiply 5 women and 4 men in each group by 3 groups. There will
be a total of 15 womnen and 12 men. This can be shown algebraically as follows:

| 3(5 women + 4 men) = 3 (5 women) + 3(4 men) =15 womeh + 12 men

This is an example of the distributive property of multiplication over addition.
The distributive property is used in the multiplication of a number by 3 surm of
twio Or more numbers.

P

zaofe
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THE DISTRIBUTIVE PROPERTY

It is possible for there to be mare than two terms inside the parentheses, as
shown in the following examples. You simply distrioute to each term.

EXAMPLE A
Simplify: 6(x+dw+10 .

Bz +dy+1) = 6(x) +6(4y)+6(1)  Distribute 6 to x, 4y, and 1.

=6x+ 24y 46 Multiphy

EXAMPLE B
Simplify: 3(7x+ 2y +7)

AT+ 2y+7 = 372+ 3(23)+ 3(7)  Distribute 3 to 7x, 2y, and 7.

=21x+6v+ 21 Multiphy.

You should now be able to recognize when to use the distributive property to
hielp simplify an expression.

Zaofe
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| THE DISTRIBUTIVE PROPERTY

Extended Example 1a
Simplify. 5(4z+3)
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THE DISTRIBUTIVE PROPERTY

Distributing and Combining

Mow that you have learmned to combing like terms and to use the distributive
property, you are ready to Use a combination of these procedures to simplify
Mare complex eXpressions.

In & problern that reguires distribution, multiply each term inside the parentheses
by the number in front of the parentheses. Then remove the parertheses. Once
you have cormpleted all distribution(s) in the problem, then combine like terms.
(Recall: to combing like terrs means to rearrange terms that are alike so that
they are next to each other. Then addisubtract the coefficients of the like terms )
Study the examples below carefully.

EXAMPLE C
Simplity, 203 +4) +T7(2m+ 00
203m+ N+ 2m+ 0 =6+ 84+ 14m+ 35 Distribute the 2 and the 7.

=i+ 1dm+8+35  Gather like terms.
= 20m+43  Combine like terms.

EXAMPLE D
Simplify. 6(y +3) +2(2y + %) .

By +3+2(2y+ P =06y+18+4y +1s Distribute the 6 and the 2.
= 10y + 36 Mentally gather and combine like terms.

When asked to simplify an expression you will be expected to know, by l0oking
at the expression, how to distribute to rermove the parentheses and whether or
not there are like terms to combine to finish simplitying the problem.

Saofe
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THE DISTRIBUTIVE PROPERTY

Extended Example 2a
Simplity: 4(3x+7)+6(2x+7).

Chapter 1- Section 4- page 6



Simplify.

3(4t + 8)

Simplify.

8(m+5n+2)

Simplify.

Tk+ 7(2k+ 3)
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Simplify.

9(2t + 4) + (6t + 2)

Simplify.

MM(x+6)+{dy+1)+3x+y

Chapter 1- Section 4- page 8



EXPONENTS AND THE ORDER OF OPERATIONS

Intreduction

In this section, we'll look at exponents and exponential notation. We will also
learn the standard order of operations that is Used to simplify expressions that
contain multiple operations.
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EXPONENTS AND THE ORDER OF OPERATIONS

Exponents
YWhen we have to perform repeated multiplication, we can Use exponents. For

example, in {BI(E(EI(6)(6) we use & as afactor 5 times. This can be written

using expenential notation a5 67 cwhich is read as " & to the fifth power "
Exponential notation provides a compact way of writing repeated multiplication.
In the exponential expression 67, the number & is the base and the number 5
is the exponent.

Examples:
3% means (33303 whichis equalto 21,
CACHCHCNCH can be written as 77 and is equalto 16,807 .

In the first example ahove, the base is 3 and the exponent is 4 . It can be read
as "three to the fourth power" ar "three to the power of four " In the second
exarmple, the base is 7 and the exponentis 5 It can be read as "seven to the
fifth power" or"seven to the power of five "

Additional examples:

=95 F=03EB3G)

=D =243
2’ = (@2 1= OHmn
== 8 = ].

The base of an exponential expression can be a variable. For example, P

means (x)(x){x)(x) , which can be read as " x to the fourth power" or " x to
the power of 4 "
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EXPONENTS AND THE ORDER OF OPERATIONS

Order of Operations

WwWhen warking with an expression that has multiple operations, there is an order
inwhich the operations must be performed to get the correct answer.

Here is the standard Order of Operations:

1. First, simplify inside grouping symbels, if there are any. Grouping
symbals include parentheses (), brackets [], and braces {}. If more
than one set of grouping symbols is present, wark from within the
innermost grouping symhbols to the outermost. Note: In the
expression 72 the parentheses are not considered grouping

symbols; instead, they indicate multiplication. To be considered
grouping symbols, the (3, [ ], or{ }, need 1o contain an operation
inside them. For example, in 7{54+ 2} , the parentheses are

considered grouping symbols.
2. Second, simplify expressions with exponents, if there are any.

3. Third, perfarm 21l multiplication and/or division, from [eft to richt.

4. Finally, perform all addition and/or subtractien, from left o right.

The only way to become comfortahble with the correct order of operations is to
wiork through several examples, followed by a lot of practicel Carefully study the
examples that follow.

Zaofs
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EXPONENTS AND THE ORDER OF OPERATIONS

EXAMFLE A
Simplify: 9-44+3.

Qi 2 The only operations present are addition and
subtraction, which we perform from left to right.

=543 First simplify 9 - 4.

=8 Then add 5 and 3.

- EXAMPLE B
Simplify. 12 = 2(3).

12+ 2(3) There are two operations here--division and
multiplication.

— 6(3) First divide 12 by 2 since division comes first from
3 left to right.

= 18 Then multiply & by 3.
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| EXPONENTS AND THE ORDER OF OPERATIONS

- EXAMPLE C
Simplify: 8+ 4(9 — 2.

8+ 4(9 - 3) I;l;te that there are grouping symbals this time,

=3 +4(8) First, simplify inside the parentheses.
= 8+ 24 Then, multiply.
= 32 Finally, add.

e ; EXAMPLE D
Simplify:: 25 = 3(5 + 2]

25-3(54+2) Mote the grouping symbols and operations.
=25-=37)  First, simplify inside the parentheses.
= 25-21 Second, multiply.

=<4 Finally, subtract.
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| EXPONENTS AND THE ORDER OF OPERATIONS

EXAMPLE E
Simplite 56+ 2(3) — 36— 17,

36+ 2(3) = 3(6—1)  MNote the grouping symbaols and operations.
=36+ 2(3 -39 First, simplify inside the parentheses.

o u mecond, divide (the division is to the left of the
=#a—%0) multiplication).

=54 — 15 Third, multiply from left ta right.

= 39 Finally, subtract.

Simplify: (34 23% — 2%

(3ak 208 e 27
= (53 — 2% First, simplify inside the parentheses,

_ 5 i Second, simplify the exponents. Recall, 5 =5 =25,
3 and 2 =2 = 2=8.

=17 Finally, subtract.
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EXPONENTS AND THE ORDER OF OPERATIONS

If there are multiple operations within a grouping syrkol, follow the order of
operations within that grouping syrmbal also.

EXAMPLE G
Simplify. 18+ 3[70 = 3(5)].

184+ 3[70 - 3(3]
=18+ 3[70~-15] First, multiply 3 and & inside the brackets.
=18+ 3[55] Second, subtract the numbers inside the brackets.

=184+165 Third, multiply 3 and 55.

=153 Finally, add.

You may find it necessary to work through the examples in this lesson several
times to hecome comfortable with this process. When you encounter problems
that are not exactly like the ones given here, remember that following the order
of operations will guide you tathe answer.

In surnmary, the order of operations is a method of simplifying that guarantees a
consistent result. First, simplify inside grouping symbols; second, simplify
Exponents; third, simplify all multiplication and division in order from 1eft to right;
and finally, simplity all addition and subtraction in order from 1eft to right. When
the instructions to a problem say "Simplify," you should be able o recognize
which steps to take tofind the correct answer.

Fofs
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| EXPONENTS AND THE ORDER OF OPERATIONS

Simplify: (8— 3% +42 Extended Example 1a
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Simplify.

44

Simplify.

10-4.2

Simplify.

8-4+-2+4
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Simplify.

4.32-10

Simplify.

12 + 2(4 + 5(7))
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EVALUATING EXPRESSIONS

Introduction

As mentioned earlier in this chapter, expressions can either be simplified or
evaluated. We have bheen looking at how to simplify expressions in the last few
sections, and now we will see how to evaluate them.

]
L
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EVALUATING EXPRESSIONS

To evaluate an expression is to find the numerical value of that expression
when a given value is substituted for the variable(s). To substitute means to
replace each variable with the specified number. Study the following examples.

EXAMPLE A
Evaluate x + & when x =5 .
x+6
{51+ & Substitute o for x in the expression.
=11 Simplify.
EXAMPLE B
Evaluate 3x + 8 when x = 2.
Ax+3
32748 Substitute 2 for x in the expression.
=648 Simplify.
=14
zof 4
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| EVALUATING EXPRESSIONS

. EXAMPLE C
Evaluate 4x+ v when zx=1and y =9 .

In this case there are two variables and we are given two values. It's important to
substitute the right number for each variable to find the correct answer!

dx+

A1)+ 9 Substitute 1 for x and 2 for ¥ in the expression.
=443 Simplify.

=13

EXAMPLE D
Evaluate 2x+4y+5 when x =3 and y =2,

2x+4v+5

203 +4({27+5 Substitute 3 for x and 2 for y.
=64+2+5 Simplify.

=14+5

=18
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| EVALUATING EXPRESSIONS

Extended Example 1a
Evaluate 4x+ 10 when x =3
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Evaluate the expression for the given value.

203k-T7), k=4

Evaluate the expression for the given value.

5(3 = Tt); t=3

Evaluate 8r + 5s for the given values of r and s.

r=5ands=7
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Evaluate the expression when x =2 and y = 3.

5xt — Ty~

Evaluate the expression when m=4andn=28.

3m? + 2
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