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@ OVERVIEW

Here’s what you’ll learn in

this lesson: In algebra you use many numbers, symbols, operations and properties to simplify
Real Numbers and Notation expressions. Once you are familiar with these basic tools, you can use algebra to solve

many different types of problems.
a. Number line and notation

b. Operations on signed numbers
c¢. Properties of real numbers
Integer Exponents

a. Nonnegative exponents

b. Properties of exponents

Ell-2 LESSON EIlLA° REAL NUMBERS AND EXPONENTS
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REAL NUMBERS AND NOTATION

Summary

An Introduction to Real Numbers and the Number Line

The first numbers were used for counting things, like the number of sheep in a flock or
the number of members in a family. This type of number is now called a counting number
or natural number. Examples are: 1, 2, 3, 4, 5, ...

As trade and the use of money developed, the idea of zero and negative numbers became
necessary to record losses or gains. For this sort of work the integers are the most useful.
Examples are: ..., —4,-3,-2,-1,0,1,2,3, ...

However, there are many everyday quantities which are not measured in whole numbers.
You might go to the store and buy a half gallon of juice, or three and a half pounds of
cheese, or three quarters of a yard of fabric. This uses yet another type of number called
a rational number or fraction. Fractions are written using two whole numbers. For
example, % and % are both fractions.

Here are some examples of sets of numbers:

Counting numbers 1,2,3,4,56,7, ...

Whole numbers 0,1,2,3,4,56,7, ...

Integers ,—4,-3-2,-10122345, ...
Rational numbers Numbers which can be written as a

fraction %, where a and b are
integers and b= 0. Counting
numbers, whole numbers, and

integers are all rational numbers.

7 4 13

Some examples are; —, —, —

ome examples are i T

[rrational numbers Numbers which cannot be written

as a fraction %, where a and b are

integers and b= 0.
Some examples are T, \/ﬁ, V11

The rational numbers and irrational numbers taken together are the real numbers. Real
numbers can be represented as points on a number line.

LESSON EIILA
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LESSON Ell.A

Comparison Symbols

The signs =, #, <, >, < or > are used to compare and order numbers.

Symbol Meaning
= equal to
= not equal to
< less than
> greater than
< less than or equal to
> greater than or equal to

For example, —4 < 6 means that the number —4 is less than the number 6. That is, — 4
lies to the left of 6 on the number line.
-4 < 6
® ®
-0 -8 -6 -4 -2 0 2 4 6 8 10

Similarly, x > 3 means that the variable x can be any real number greater than 3 or equal
to 3.

-0 -8 -6 -4 -2 0 2 4 6 8 10

Absolute Value

The absolute value of a number gives the distance of that number from zero on the
number line. For example, |-7| denotes that —7 is 7 units from zero on the number line.

distance = 7 units

SRR
-0 -8 -6 -4 -2 0 2 4 6 8 10

Vertical bars enclosing a number are used to denote the absolute value of that number.
Absolute value bars leave positive or zero numbers alone but change the sign of negative
numbers. So the absolute value of a number is never negative.

For example: [15] =15
[0l=0
-71=7

REAL NUMBERS AND EXPONENTS



Grouping Symbols
Parentheses or brackets are often used to group symbols together. Grouping symbols
determine the order in which operations are performed.

Here's an example: [7 =2 - (5 + 13)]

Operations on Signed Numbers

You can combine positive numbers using the operations of addition, subtraction,
multiplication and division. For example:

2+18=20

oo

e
12

=12

w
w &=

13-5=65 6+

You can also add, subtract, multiply and divide positive and negative numbers using
operations on signed numbers.

Adding Signed Numbers

To add signed numbers:

If both numbers are positive, 2+7=9
their sum is positive.

If both numbers are negative, -3+ (-4)=—7
their sum is negative.

If the numbers have different signs, ignore -3+5=2
their signs and subtract the smaller 3+ (-H)=-2
number from the larger number. The sum
has the same sign as the larger number.

Subtracting Signed Numbers

To subtract signed numbers:

1. Change the subtraction sign (-) to an addition sign (+) and change the sign of
the number being subtracted.

2. Add according to the rules for addition of signed numbers.
For example, to find 3 — 8:

1. Change — to + and change the 3+ (-8
sign of the number being subtracted.

2. Add according to the rules ==
for addition of signed numbers.

50, 3—8=-6.

LESSON EIlLA- EXPLAIN: REAL NUMBERS AND NOTATION Ell-5
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Multiplying Signed Numbers

To multiply signed numbers:

If the numbers have the positive - positive = positive 3-5=
same sign, their product negative - negative = positive | (-3) - (-5) =1
is positive.

If the numbers have positive - negative = negative | 3 (-5 =-15
different signs, their negative - positive = negative | (-3)-5=-15
product is negative.

Dividing Signed Numbers

To divide signed numbers, use the same rules for signs as you used for multiplication:

quotient is negative.

If the numbers have positive + positive = positive 20+-4=5
the same sign, their | negative + negative = positive | (-20) = (-4) =5
quotient is positive.

If the numbers have | positive - negative = negative 20+ (-4 =-5
different signs, their | negative + positive = negative (20)+-4=-5

Exponents

Exponents are used to indicate repeated multiplication of the same number.

For example:

/'

base

In this case, the number 2 is called the base and the number 6 is called the exponent. The

exponent

/

2°=2.2:2:2-2-2=64

6 factors

exponent 6 indicates that there are 6 factors of 2.

Properties of Real Numbers

On the following page are some properties that will help you simplify calculations with real

numbers.

LESSON EIl.A° REAL NUMBERS AND EXPONENTS




Property Examples General Rule
(a b, and c are real numbers)

Commutative Property 2+8=8+2 a+b=>b+a
of Addition
Commutative Property 4-(-8=(-8)-4 a-b=b-a

of Multiplication

Associative Property 2+8+3=2+8+3) |(@+b+c=a+(b+0)
of Addition
Associative Property 2-7-3=2-(7-3 (@ b-c=a-b-o
of Multiplication

Distributive Property 6-3+9=6-3+6-9|a-(b+c)=a-b+a-c

Additive Identity 33+0=33 a+0=a
Multiplicative Identity 39-1=39 a-1=a
Additive Inverse 27 +(=27)=0 a+(-a=0
Multiplicative Inverse 15 - 11—5 =1 a- TZ =1

Order of Operations

When you are simplifying expressions that involve several operations, you must do them
in the correct order. Here is the order you should use:

1. Perform all operations inside parentheses or brackets.

2. Simplify terms with exponents.

3. Multiply or divide, working from left to right.

4. Add or subtract, working from left to right.

Here is a simple example. To find 6 + 2 - 4:
1. Multiply. =6+8
2. Add. =14

Here’s another example. To simplify the expression 2 — 32 =~ 3 — (8 = 5) - 4:

1. Work within the parentheses. =2-32:3-3-4
2. Simplify the term with the exponent. =2-9+3-3-4
3. Multiply and divide from left to right. =2-3-12
4. Add and subtract from left to right. ==1-12

=-13

LESSON EIlLA

One way to recall the order of operations
is to remember the phrase “Please
Excuse My Dear Aunt Sally.” The first
letter of each word corresponds to an
operation — Parentheses, Exponents,
Multiply or Divide, Add or Subtract.
However, be careful. This does not tell
you to multiply before you divide or to
add before you subtract.

EXPLAIN: REAL NUMBERS AND NOTATION Ell-7



Answers to Sampfe Problems Sumple Problems

1. From the list below, pick the numbers that are rational numbers.

1
-5,0, =, V7,2, V9,7,

v a Integers are rational -5,0,2,V9
numbers. List all of the
L integers. (Since V9 = 3, it too is an integer.)
b. -é;-—% ~ [] b. Fractions where the
~ numerator and
denominator are integers
are also rational numbers.
List all such fractions.
c 5,0 —175 2N ——;— : [] c. Listall of the rational
‘ numbers.
2. Find: =11 + (-13)
4 24 ] [] a. Ignore the signs and 11+ 13=
add the two numbers.
b 24 ; 1 b. Theanswer has a -
‘ | negative sign.
3. Find: (=7) - (8)
a. 56 i | i - 1 a. Ignore the signs and 7-8=
L : . multiply the numbers.
R e ] b. Write the answer =
0 . with its correct sign.
4. Use the Distributive Property to calculate: 5 - (7 — 4)
“ ¥ a. Use the Distributive Property. =5-7-5-4
by O b, Simplify. _
5 Find:4-2-(6-9)
¥ a  Subtract inside the =4-2-3)
’ ’ parentheses.
e [ b. Multiply. =4+

(;10 ;; o o _

Ell-8 LESSON EIlLA REAL NUMBERS AND EXPONENTS



INTEGER EXPONENTS

Summary

Nonnegative Integer Exponents

Exponential notation is a shorthand way of writing repeated multiplication.

For example: 3-3-3-3-3-3-3=3

Here, 3 is called the base and 7 is called the exponent or power.

Here is a similar example that uses a variable: x> =x- x- x- x- x
Here, x is the base and 5 is the exponent or power.

More generally; X" =X+ X-X-...- X* X
~—_—

n copies of x

Here, n is a positive integer.

Properties of Exponents

There are several properties which make it easier for you to simplify, multiply, and divide

expressions that contain exponents. These are listed below.

Property Example
Multiplication: x™ - x = x™+7 43 - 47
- 43 +7
=410
wiel . Lm — ym-=n 1_28
Division: 5 =K 5
(Here, x #0) =128-5
=123
Power of a Power: (x™)" = x™ " (74?3
=743
=712
Power of a Product: (x - y)7= x" - y" 5-8)?
=59.89
n n
Power of a Quotient: ( 1) =X (i>4
y y' 1Al
_ 5
W
Zero Exponent: x0 = 1 90 =1

Be careful, though. There are some cases where the properties of exponents do not apply.

To multiply expressions with the same
base, add the exponents.

To divide expressions with the same
base, subtract the bottom exponent from
the top exponent.

To raise a power to a power, multiply
the exponents.

To raise a product to a power, raise
each factor to that power.
To raise a fraction to a power, raise the

numerator and denominator to that power.

Remember, when you see a zero exponent
(and the base is not zero), the answer is one.

LESSON EII.LA- EXPLAIN: INTEGER EXPONENTS Ell-9



For example, to simplify 5% - 72 you cannot use the Multiplication Property, because the
two expressions have different bases. Instead, you have to multiply everything out:

54.72
=(5-5-5-5)-(7-7)
= 30,625

Here is another example. To simplify 34 — 35 you can multiply everything out and then add.
This is because even though the base is the same, there is no exponent property for addition.

34 _ 35
=81-243
=-162
You can also use the Distributive Property.
34-3°5
=3%(1-73)
=3%¢2)
=81(-2)
=-162
Answers to Sample Problems Sam p le Problems
1. Calculate: 3*
v a  Write the base. The base is 3.
b. The exponent is 4. [] b. Write the exponent.
e 3 8-33=481 [ ¢. Write the answer.
2. Simplify: @xy)* - x2 - y8
¥ a. First use the Power of a Product rule. =24 x4yt x12. 8
b. 24.x16.y4. y8 ] b. Use the Multiplication Property for the =
factors with base x.
c. 2 x16. y2 or 16x6y12 ] c¢. Use the Multiplication Property for =
the factors with base .
3. Simplify: (%)7 .34 52
¥ a. First use the Power of a Quotient property. = %: - 3452
37 3 34 3 52
-— 57
[] b. Use the Multiplication Property for
1. 52
b 5,5 the factors with base 3. =
[] ¢. Use the Division Property for the factors =
¢ 37 or 31155 . pery
52 with base 5.

ElI-10 LESSON EIlLA REAL NUMBERS AND EXPONENTS
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</ HOMEWORK

Homework Problems

Circle the homework problems assigned to you by the computer, then complete them below.

\‘ L l/
~O—

- ~
III‘\

Explain

Real Numbers and Notation

.

10.

11.

12.

Circle all the inequality symbols that could replace the
question mark to make this statement true: =4 7 3

< < =
> > #
o 45
Find: —5
Rewrite using the Commutative Property: 17 + 8
Circle the number that is not an integer:
0,-1,V16, £, 77
2 2
Find: =7 — (- 3)
Rewrite using the Associative Property: 5 - (11 - 23)
Find: |9
Find: 2-5-(-8)

Find the additive inverse of 7 and the multiplicative inverse
of 7.

Circle all the inequality symbols that could replace the question
mark to make this statement true: [23| ? —[|-23|

< < =
> > £
Find: 9 + %

Find: 8 + 2[3 - 4(7 - 2)]

Integer Exponents

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Identify the base and the exponent, then calculate: 4°
Simplify using the properties of exponent; 4'3 - 46
Find: 23°

Write using an exponent:
(07777777777

Simplify using the properties of exponents: 77183 = 112226
Simplify: 23 + 25

Write using an exponent: y - y-y-y-y-y

Simplify using the properties of exponents: (x3 . y6)4

Simplify : (23 - 32)

Write using exponents: 3 -3 -y -y -y-y-y-z2-2-2-2

Simplify using the properties of exponents: (%x)3 - x2 - (2y)°
2x)° 3

Simplify using the properties of exponents: [W] - yB x4

LESSON EIlLA° HOMEWORK: HOMEWORK PROBLEMS ~ Ell-11
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APPLY

Practice Problems

Here are some additional practice problems for you to try.

Real Numbers and Notation 12. Find the additive inverse of 5 and find the multiplicative

_ inverse of b.
1. Circle the true statements.

13. Find the additive inverse of 2 and find the multiplicative
=12 3>0 2%8 | 5 3 P
inverse of o
2<2 15<?2
= 14. Which of the following is not a rational number?

2. Circle the true statements. =
n, —65, 2.257, V7, -3

4#6 7<7 2>5
~ 15. Which of the following is not a rational number?

60 13<1
= ~1,0,0.14, V19

3. Find the absolute values:
16. Which of the following is a rational number?

4.V2, %,—\/5

17. Find: 8 = (-=3)-10

a. 3.9 c. [-0.005] e. |36.1]
b. 36| d. |-14.33]

4. Find the absolute values:
i ie ansoitie vall 18. Find: 9—17 — (-26)
a. |0.26] c. |-0.13| e. |-2.69| _
19. Find: 6 - (-2) -7
b. |-28 d. [15.22
=29 1522 20. Find:m-(s—%)
5. Find using the Distributive Property: 6 - (11 + 5)
21. Find: 7 + (% —5)
6. Find using the Distributive Property: (10 + 5) - 7

3
23. Find: —33 — (~5) — (=27)

; 27
; 3 2—-=—
7. Find using the Distributive Property: 7 - (9 — 3) e A< ( )

8. Which of the following numbers are not integers?

4527 8 I \Z 24. Find: 16 — (—4) - (-3)
) 9.2, 1, Y

9. Which of the following numbers are not integers? 25. Find: =15 = (=4) = (=9)

4 4|_%‘0’_\/@ 26. Find: =\V/45 + V/45
10. Which of the following numbers are integers? 27. Find: (V17) + ~V17)
—21,\/@,3.75,%%,@ 28. Find: V34 —V/34
11. Find the additive inverse of 8 and find the multiplicative
inverse of 8.

EIl-12  LESSON EIlLA  REAL NUMBERS AND EXPONENTS



Integer Exponents

29.
30.
31.
32.
33,
34.
35.
36.
37.
38.
39.
40.
41,

42.

ldentify the base and the exponent, then calculate: 3°
Identify the base and the exponent, then calculate: 2°

Find: (-5)°

Find: —(5°)

Write using exponents: m-m-m-m-m-m-n-n-n-n
Write using exponents: x- x- x-x-y-y-y-z

Write using exponents: a-a-a-b-b-b-b-b-b-c-c
Simplify: 32 + 43

Simplify: 42 + 23

Simplify: 3% — 26

Simplify using the properties of exponents: 7° — 74 - 76
Simplify using the properties of exponents: 8% - 8 + 87
Simplify using the properties of exponents: 55—163 + 5%

Simplify using the properties of exponents: x3 - y2 - z4 - x

43,
44,
45.
46.
47,
48,
49,
50.
51,

62,

53.

54.

b5

. Simplify using the properties of exponents:

Simplify using the properties of exponents: m?2 - n” - m* - n3
Simplify using the properties of exponents: a° - b? - ¢ - b*
Simplify using the properties of exponents: (a* - h?2)°
Simplify using the properties of exponents: (x3 - y°)7

Simplify using the properties of exponents: (x° - y7 - z8)°

aa.bg
a.b3
X12.y8
X4,y6
a5.b12.c7
q%- pb. ch

Simplify using the properties of exponents:

Simplify using the properties of exponents:

Simplify using the properties of exponents:
Simplify using the properties of exponents: (2a)° - a° - (3b)*
Simplify using the properties of exponents: (%xf x4t 2y)°

Simplify using the properties of exponents: (%)3 b’ (%a )2

1540

Simplify using the properties of exponents: —

o
2x8

303
18p ™

Simplify using the properties of exponents:
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