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HOW TO USE THIS BOOK






Barron’s Math 360: Pre-Algebra is designed for self-learners and for those looking for a comprehensive guide to everything pre-algebra.


This book includes a number of helpful tools that will reinforce your knowledge of the topics as you learn. You’ll find:


What You Will Learn Each chapter begins with a list of the topics covered. This is a useful tool for categorizing the learning process and for devising a study plan.


Terms and Definitions Important terms are defined where necessary to help guide you through topics successfully.


Examples with Solutions Numerous examples for each topic are included throughout, along with answers to check your progress.


Review Exercises Each chapter closes with review questions that will help determine which topics you have a solid understanding of and which topics you need to revisit.


Online Practice Questions Access to 50 online multiple-choice questions designed to enhance your understanding and to test your knowledge. To access, see the card at the front of the book.


BARRON’S 360 STUDY TIPS


SET GOALS AND OBJECTIVES


As you use Barron’s Math 360: Pre-Algebra, it is a good idea to set personal goals to chart and direct your learning objectives. A goal is something that you wish to achieve over a period of time. Objectives are short-term targets that help you reach a particular goal. For example, suppose that your goal is to learn how to solve different types of equations. You can reach this goal by establishing short-term objectives—such as learning how to solve one-step equations—that will enable you to successfully reach your long-term goal of learning how to solve progressively harder equations like two-step equations.


CUSTOMIZE YOUR STUDY


Barron’s Math 360: Pre-Algebra does not need to be studied in a linear fashion. If there is a particular topic that you want to study or reinforce, just turn to that page or chapter, and all the information along with the features mentioned above will be available to you. There are also some things you can do to optimize your study time and ensure you are retaining the important information you want to learn.


Before You Read


•Review: Review all chapter headings and subheadings and the information in the “What You Will Learn” section.


•Scan: Glance over any illustrations, tables, or graphs in the chapter you’ll be reading.


•Locate Terms and Definitions: Read any bold or italicized words and study their definitions.


•Get Ahead of Yourself: Review the Practice Exercises at the end of the chapter and keep them in mind as you study the chapter.


While You Read


•Predict: Try to predict the answers to the questions in the Practice Exercises. This will help flag important information to keep an eye out for as you read.


•Read Aloud: Hearing what is written on the page leads to better comprehension and retention of information.


•Visualize: Developing a picture in your mind of the information, concepts, or material presented makes it much easier to remember.


Highlighting and Note-taking


•Identify Important Facts: Don’t excessively highlight. This will have the opposite effect and actually negatively impact your ability to retain the information you need to remember.


•Take Notes: Jot down key ideas and concepts you are having a hard time understanding.


•Draw It Out: Sketch out pictures, graphs, diagrams, or tables, to help visualize what you’re reading. This is particularly helpful with complex topics.



After You Read the Chapter


•Talk It Out: Summarize what you have learned from the chapter aloud to a friend or a family member. Explain it as if they are learning it for the first time.


•Answer the Questions in the Practice Exercises: Did you need to look them up, or were you able to answer them from memory?


•Reinforce: If you found yourself having to look up the answers to the questions, go back and read those portions of the chapter again until you feel confident moving on to the next chapter.



Good luck!
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PROPERTIES AND ORDER OF OPERATIONS





WHAT YOU WILL LEARN


•Some basic terms and assumptions of numbers and sets


•The difference between rational and irrational numbers


•Properties of real numbers


•Order of operations




SECTIONS IN THIS CHAPTER


•Numbers and Sets


•Properties of Real Numbers


•Order of Operations





1.1 Numbers and Sets


In our daily lives we use numbers to count, compare, order, measure, and solve problems. Numbers are the concept of the amount or quantity in a collection. The numbers we use the most and are most familiar with are whole numbers, but let’s look at some different sets of numbers.



[image: images] DEFINITIONS


Counting numbersAll whole numbers greater than zero; also called natural numbers: {1, 2, 3, 4, …}.


Whole numbersThe set of counting numbers plus zero: {0, 1, 2, 3, …}.


IntegersThe set of numbers consisting of the counting numbers {1, 2, 3, 4, …}, their opposites {–1, –2, –3, –4, …}, and zero.


Rational numbersAny number that can be expressed as a ratio in the form [image: images] where a and b are integers and b ≠ 0. Rational numbers include all counting, whole, and integer numbers. They also include all fractions and decimal numbers, which terminate or have a repeating string of digits.


Decimal numberA fractional number written using base-ten notation; a mixed decimal number has a whole number part as well (e.g., 0.32 is a decimal number and 3.5 is a mixed decimal number).


FractionA number that represents part of a whole, part of a set, or a quotient in the form [image: images], which can be read as a divided by b.


Irrational numberA real number that cannot be represented as an exact ratio of two integers; the decimal form of the number never terminates and never has a repeating string of digits (e.g., π, [image: images], [image: images], 0.010010001…).


Real numbersThe set of numbers that includes all rational and irrational numbers.



[image: images] THINGS TO THINK ABOUT


Can decimals be written as fractions?


When you read the decimal using place values, you are actually doing that.


.8 can be read as “eight-tenths” or 8/10; therefore, it is rational.


1.8674 can be read as “one and eight thousand six hundred seventy-four ten-thousandths” or 1 and 8,674/10,000; therefore, it is rational.


.139 can be read as “one hundred thirty-nine thousandths” or 139/1,000; therefore, it is rational.


What about square roots?


[image: images] When calculated, this has a principal root of 4; therefore, it is rational.


[image: images] When calculated, this has a decimal form of a number that never terminates and never repeats; therefore, it is irrational.


REAL NUMBERS


[image: images]


EXAMPLE 1.1


1)Name all of the sets to which the following numbers belong:


a)0


b)–6


c)[image: images]


d)π


e)2.3


2)Tell whether each number is rational or irrational.


a)[image: images]


b)[image: images]


c)[image: images]


d).010010001


e)[image: images]


f)2.33


SOLUTIONS


1)a)whole, integers, rational, real


b)integers, rational, real


c)rational, real


d)irrational, real


e)rational, real


2)a)rational


b)rational


c)rational


d)irrational


e)irrational


f)rational



1.2 Properties of Real Numbers



From our experiences with numbers we notice patterns and have understandings. Many of these are the properties of real numbers. Most of us just use these properties because we are so familiar with them that we don’t even realize they are facts or truths that once had been proven—sort of like old friends that have always been there.



[image: images] DEFINITIONS


Commutative propertyA property of real numbers that states that the sum or product of two terms is unaffected by the order in which the terms are added or multiplied.


The sum remains the same.


[image: images]


The product remains the same.


[image: images]


Associative propertyA property of real numbers that states that the sum or product of a set of numbers is the same, regardless of how the numbers are grouped.


The sum remains the same.


[image: images]


The product remains the same.


[image: images]


Additive identityThe number in a set which, when added to any number n in the set, yields the given number; the identity element for addition is zero because n + 0 = n and 0 + n = n. This is sometimes called the addition property of zero.


Multiplicative identityThe number in a set which, when multiplied by any number n in the set, yields the given number; the identity element for multiplication is one because n × 1 = n for all n in the set. This is sometimes called the multiplicative property of one.


Multiplicative property of zeroAny number that, when multiplied by zero, gives the product of zero.


[image: images]


Additive inverseA number that, when added to a given number, results in a sum of zero; the opposite of a number.


[image: images]


Remember: zero is the additive identity.


Multiplicative inverseThe reciprocal of a number; a number that, when multiplied by a given number, results in a product of 1.


[image: images]


Remember: one is the multiplicative identity.


NOTE: Zero is the only number that does not have a reciprocal.


Distributive propertyA property of real numbers that states that the product of the sum or difference of two numbers is the same as the sum or difference of their products.


Multiplication over addition:


[image: images]


Multiplication over subtraction:


[image: images]


EXAMPLE 1.2


Tell whether each statement is true or false.


1)4 + 3 = 3 + 4


2)10 × 4 = 4 × 10


3)6 – 8 = 8 – 6


4)6 × 0 = 0 × 9


5)35 + 0 = 35 × 1


6)13 + 0 = 13 × 0


SOLUTIONS


1)True


2)True


3)False


4)True


5)True


6)False


1.3 Order of Operations


Most of us are not fans of rules, but sometimes rules are necessary. Rules will help us avoid confusion when calculating; they will make sure we all know the same order in which to carry out operations. These rules allow everyone everywhere to get the same answers to calculations.



[image: images] DEFINITIONS


ExponentA number that tells how many times the base is used as a factor; in an expression of the form ba, a is called the exponent, b is the base, and ba is a power of b.


Square a numberTo multiply a number by itself (e.g., 4 × 4 = 16 or 42 = 16).


Square root of a numberA number (factor) that when multiplied by itself yields the original number (e.g., [image: images] or [image: images]).


ORDER IS IMPORTANT


To evaluate numerical expressions with more than one operation, we use order of operations.


1)Grouping symbols—all calculations within the parentheses, including braces, above or below a division bar, and absolute value. Evaluate from innermost to outermost.


2)Powers—all exponents and roots (for more information, see Chapter 8)


3)Multiplication or division


•In order from left to right


4)Addition or subtraction


•In order from left to right


EXAMPLES:














	9 – 3 × 2 + 7


	do the multiplication







	9 – 6 + 7


	do the subtraction







	3 + 7


	do the addition







	10


	 







	12 ÷ 3 + 5 × 8


	do the division







	4 + 5 × 8


	do the multiplication







	4 + 40


	do the addition







	44


	 







	24 + 32 ÷ 8 – 6


	do the power (24 = 2 × 2 × 2 × 2)







	16 + 32 ÷ 8 – 6


	do the division







	16 + 4 – 6


	do the addition







	20 – 6


	do the subtraction







	14


	 







	[image: images]


	do the operation in the parentheses (root)







	40 ÷ 2 + (5 – 2)


	do the operation in the parentheses (subtract)







	40 ÷ 2 + 3


	do the division







	20 + 3


	do the addition







	23


	 








EXAMPLE 1.3


1)3 × 2 + 7 × 3


2)18 ÷ 3 × 2


3)[image: images]


4)42 – (6 + 2) + 2


3)[image: images]


SOLUTIONS


1)27


2)12


3)8


4)12


5)30


Review Exercises


1)Each number in the first column belongs to at least one of the sets of numbers displayed in the top row. Check ALL that are true.


[image: images]


2)Match the example to the property.

















	1.9 × 3 = 3 × 9


	a)Commutative property of addition







	2.15 + 0 = 15


	b)Commutative property of multiplication







	3.2(3 – 6) = 6 – 12


	c)Associative property of multiplication







	4.3 × (4 × 5) = (3 × 4) × 5


	d)Additive identity







	5.[image: images]


	e)Multiplication by zero







	6.6 + 8 = 8 + 6


	f)Additive inverse







	7.4 × 0 = 0


	g)Multiplicative inverse







	8.3 + –3 = 0


	h)Distributive property








3)Simplify.


[image: images]


4)Check the work shown. Is the answer correct or incorrect? If incorrect, show the correct way to complete the problem.


[image: images]


5)Fifteen students on the lacrosse team want to attend a professional game. The ticket price is $30 per student, and the transportation will cost $650. Write an expression to represent the expenses of the trip.


6)Find the reciprocal of [image: images].


7)What is the value of the expression below?


[image: images]
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FRACTIONS





WHAT YOU WILL LEARN


•The equivalence of fractions in special cases, and how to compare fractions by reasoning about their size


•How to express a fraction as an equivalent fraction with a different denominator;


•How to decompose fractions to justify their sum or difference


•How to add and subtract fractions with unlike denominators (including mixed numbers)


•How to interpret a fraction as a division of the numerator by the denominator [image: images]


•Solve word problems involving division of whole numbers, leading to answers in the form of fractions or mixed numbers


•How to apply and extend previous understandings of multiplication to multiply a fraction or whole number by a fraction


•How to interpret and compute quotients of fractions, and solve word problems involving division of fractions




SECTIONS IN THIS CHAPTER


•Equivalent Fractions


•Adding Fractions


•Subtracting Fractions


•Multiplying Fractions


•Dividing Fractions


•Word Problems






[image: images] DEFINITIONS


FractionA number that represents part of a whole, part of a set, or a quotient in the form [image: images], which can be read as a divided by b.


DenominatorThe quantity below the line in a fraction. It represents the number of equal parts into which the whole is divided.


Equivalent fractionsTwo or more fractions that have the same quotient or that name the same region, part of a set, or part of a segment.


EXAMPLE: [image: images]


Improper fractionA fraction whose numerator is greater than its denominator.


Lowest common denominator (LCD)The smallest common multiple of two given denominators (e.g., the LCD of [image: images] and [image: images] is 24).


Least common multiple (LCM)The LCM of two numbers is the smallest number (that is not zero) that is a multiple of both.


Mixed numberA number composed of an integer and a proper fraction (e.g., [image: images]).


MultipleA number that can be divided by another number without a remainder (e.g., both 15 and 20 are multiples of 5).


NumeratorThe top number in a fraction; it tells the number of equal parts (numerator) out of the total number of parts (denominator) being described by the fraction.


Proper fractionA fraction whose numerator is less than its denominator.


ReciprocalThe number that is used to multiply a given number to obtain an answer of 1. (Remember: zero does not have a reciprocal.)


Unit fractionA fraction with a numerator of 1.


Unlike denominatorsDenominators that are not the same number when written in lowest terms.



2.1 Equivalent Fractions



A fraction describes a part of something. It can be part of a group or part of a whole. There is a bottom part, called the denominator, which represents the number of parts in the whole. There is the top part, called the numerator, which tells you how many of those parts you actually have.


Here are some examples:


[image: images]


There are many ways to tell if fractions are equivalent. The easiest way is to simplify the fraction to lowest terms, meaning there are no more common factors between the numerator and denominator.


EXAMPLE:


[image: images]


[image: images] is already in lowest terms.


[image: images] has a common factor of 7 between the numerator and denominator. Divide them both by 7 and you get the simplified fraction of [image: images]. [image: images] is the same as [image: images]; therefore, [image: images].


[image: images]


[image: images]


[image: images] has a common factor of 15 between the numerator and denominator.


Divide them both by 15 and you get the simplified fraction of [image: images].


[image: images] has a common factor of 6 between the numerator and denominator.


Divide them both by 6 and you get the simplified fraction of [image: images]. [image: images] is the same as [image: images]; therefore, [image: images].


[image: images]


NOTE: When you divide or multiply the numerator AND denominator by the same number, it is equal to dividing or multiplying by 1. Since 1 is the multiplicative identity, it does not change the value of the fraction.


This can be useful when determining how many items are needed in a group. For example, consider a glass vase filled with marbles. The vase can hold 36 marbles.


You want [image: images] of the marbles to be blue.


[image: images]


In the prior examples we divided the denominator and numerator by the same number to reduce the fraction. In this case we want the denominator and numerator to be larger, so we will multiply. Since 3 times 12 is 36, 12 is the number we need.


[image: images]


24 is [image: images] of 36.


[image: images]


EXAMPLE 2.1


Tell whether the fractions are equivalent.


1)[image: images] and [image: images]


2)[image: images] and [image: images]


3)[image: images] and [image: images]


4)[image: images] and [image: images]


5)[image: images] and [image: images]


SOLUTIONS


1)Yes


2)Yes


3)No


4)No


5)Yes


2.2 Adding Fractions


Adding fractions is a matter of counting. If you have [image: images] and your friend has [image: images], together you have [image: images] or [image: images].


[image: images]


Remember, [image: images] is just [image: images] and [image: images] added together to make [image: images]. So, you have [image: images] and your friend has [image: images]; together you have [image: images].


This is rather simple when you have the same sized pieces or the same denominator, because you are just counting up your pieces.


[image: images]


[image: images]


[image: images]


Can be simplified to [image: images]


[image: images]


When fractions are being added together, you need to have like denominators.


Like denominators come from the least common multiple (LCM) of the denominators, called the lowest common denominator (LCD).


EXAMPLE:


[image: images]


You need the LCM of 3 and 2.


3: 3, 6, 9, 12, …


2: 2, 4, 6, 8, …


6 is the LCM.


Now you need to make equivalent fractions.


[image: images] is the same as [image: images] (2 × 2 = 4 and 3 × 2 = 6).


[image: images] is the same as [image: images] (1 × 3 = 3 and 2 × 3 = 6).


Once the denominators are the same, you just add the numerators. [image: images]. Since [image: images] is an improper fraction, you may want to rewrite it as a mixed number.


NOTE: To write an improper fraction from a mixed number, you multiply the whole number by the denominator of the fraction. Add this product to the numerator of the fraction. Use this sum as the new numerator over the original denominator.


[image: images]


[image: images]


Sometimes you will also need to simplify the answer.


[image: images]


You need the LCM of 5 and 15.


[image: images]


15 is the LCM, and therefore the LCD, of the two fractions.


[image: images] is the same as [image: images] (4 × 3 = 12 and 5 × 3 = 15).


[image: images]. Since [image: images] is an improper fraction, you may want to rewrite it as a mixed number.


[image: images]


[image: images]


For mixed numbers, you add the fractional parts with the fractional parts and the whole parts with the whole parts, and then simplify if needed.


[image: images]


Now we have 3 and [image: images].


Rewrite the [image: images] as a mixed number: [image: images].


[image: images]


Altogether we have 3 and [image: images], so the sum is [image: images].


EXAMPLE 2.2


Find the sum:


1)[image: images]


2)[image: images]


3)[image: images]


4)[image: images]


5)[image: images]


6)[image: images]


SOLUTIONS


1)[image: images]


2)[image: images] or [image: images]


3)[image: images]


4)[image: images]


5)[image: images]


6)[image: images]


2.3 Subtracting Fractions


Remember, adding fractions is a matter of counting; subtraction is adding the opposite or eliminating. If you have [image: images] and your friend doesn’t have any, she may want to borrow [image: images].


[image: images]


Remember, [image: images] is just [image: images], and [image: images] to make [image: images]. So, you have to give your friend [image: images]; you will have [image: images] left after she takes the two she wanted to borrow.


This is rather simple when you have the same sized pieces or the same denominator, because you are just counting up your remaining pieces after the subtracted ones are gone.


[image: images]


[image: images]


[image: images]


Similar to addition, when fractions are being subtracted you need to have like denominators. Once the denominators are the same, you just subtract the numerators.


[image: images]


The LCM is 12.


[image: images] is the same as [image: images] (3 × 3 = 9 and 4 × 3 = 12).


[image: images]


[image: images]


[image: images]


[image: images]


For mixed numbers, you subtract the fractional parts from the fractional parts and the whole parts from the whole parts, and then simplify if needed. Sometimes, you may need to “borrow” in order to subtract the fractional parts. You “borrow” from the whole parts. Again, this is all about fractions equal to one whole.


[image: images]


Put it together for [image: images].


[image: images]


[image: images]


[image: images]


[image: images] is not enough to subtract [image: images] from, so we need to regroup from the “wholes.” [image: images] is the same as 1 whole. So, we need to regroup the 5 into 4 and [image: images], and then add it to the [image: images].


[image: images]


[image: images]


[image: images]


NOTE: It is important to know how to add to a whole number. This can be done by counting up or subtracting. Think about the fraction [image: images]. To have 1 whole, you would need 3 more eighths, as [image: images]. This can be found by counting up from 5 to 8 or subtracting 5 from 8.


EXAMPLE:


Tiffany’s budget was divided into four catergories: car, housing, food, and clothes. She spent [image: images] of her budget on her car, [image: images] of her budget on housing, and [image: images] of her budget on food. What portion of her budget is left for clothes?


[image: images]


To make 1 whole, she needs [image: images] more, so [image: images] of her budget is left for clothes.


EXAMPLE 2.3


1)[image: images]


2)[image: images]


3)[image: images]


4)[image: images]


5)[image: images]


6)[image: images]


SOLUTIONS


1)[image: images] or [image: images]


2)[image: images]


3)[image: images]


4)[image: images]


5)[image: images]


6)[image: images]


2.4 Multiplying Fractions


When multiplying fractions, they do NOT have to have like denominators.


[image: images]


[image: images]


This should be reasonable to you, as [image: images] and [image: images] are [image: images], so [image: images] of [image: images] is [image: images]. Remember, this all has to relate back to repeated addition.


Multiply numerator with numerator and denominator with denominator. It is easier if you simplify before you multiply. You can simplify last, but then you are working with larger numbers. Mixed numbers need to be changed to improper fractions.


NOTE: When you multiply by a number less than one, the product will be smaller. This can help with estimating.


EXAMPLE:


[image: images] must have a value less than [image: images].


EXAMPLE:


[image: images]


[image: images]


[image: images]


[image: images]


[image: images]


NOTE: To write a mixed number from an improper fraction, you divide the numerator by the denominator. The quotient is the whole number; the remainder is left over the original denominator as the fractional part.


EXAMPLE 2.4


1)[image: images]


2)[image: images]


3)[image: images]


4)[image: images]


5)[image: images]


SOLUTIONS


1)[image: images]


2)[image: images]


3)[image: images]


4)[image: images]


5)[image: images]



2.5 Dividing Fractions



When dividing fractions, they do NOT have to have like denominators.


[image: images]


[image: images]


This should be reasonable to you, as [image: images] and [image: images] are [image: images]—therefore, breaking it into two sets of [image: images] is [image: images]. Remember, this all has to relate back to repeated addition.


Multiply by the reciprocal of the divisor (think back to multiplicative inverses). Then follow the same concepts from multiplying. Multiply numerator with numerator and denominator with denominator. It is easier if you simplify before you multiply. You can simplify last, but then you are working with larger numbers. Mixed numbers need to be changed to improper fractions.


EXAMPLE:














	[image: images]


	 







	[image: images]


	rewrite as an equivalent multiplication sentence







	[image: images]


	multiply








EXAMPLE:














	[image: images]


	 







	[image: images]


	rewrite to improper fractions







	[image: images]


	rewrite using the reciprocal







	[image: images]


	reduce to lowest terms by cancelling common factors







	[image: images]


	 








The model below shows division of a mixed number by a fraction.


[image: images]


[image: images]


EXAMPLE 2.5


1)[image: images]


2)[image: images]


3)[image: images]


4)[image: images]


5)[image: images]


SOLUTIONS


1)[image: images]


2)[image: images]


3)[image: images]


4)[image: images]


5)6



2.6 Word Problems



The key to solving any word problem, whether there are fractions or not, is reading the question; you need to focus on the needed information. Use key words to help you determine what operations are needed.


EXAMPLE:


[image: images]


A bicycle path is [image: images] miles long. The path is only [image: images] completed. How much of the path is completed?


What does the question ask? What operation is needed?
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