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      Math Can Be Easy!


      Tackle common math problems:


      • Determine the gas mileage of your car • Calculate your caloric intake from FDA food labels • Convert a recipe from eight

         servings to ten • Compute the true interest rate of your credit card • Demystify the prime rate and consumer price index.

      


      Do mental math on the spot:


      • Calculate discounts, markups, and sales tax • Multiply and divide with numbers in the millions, billions, and trillions

         • Convert from centigrade to Fahrenheit • Round off the right restaurant tip.

      


      Master probability, odds, and statistics:


      • What are the odds that your next two children will both be boys? • Which games should you play when you go to a casino?

         • What is the significance of polls and their margin of error? • What is the bell curve and what does its standard deviation

         tell you? • Do men or women have more sex partners? The answers may surprise you!
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      Introduction


      Like it or not, math is here to stay. We live in a world of percentages, statistics, interest rates, and taxes. The Dow goes

         up 3 percent, the NASDAQ drops 5 percent. The inflation rate is such-and-such a percent, the trade deficit is so many billions,

         and the national debt is so many trillions. And how big of a tip should you leave? You just can’t get away from numbers.

      


      My aim in writing this book is to give you an easy-to-follow guide to the math you encounter in your everyday life. I hope

         this single volume will become the first resource you turn to for all your mathematical or numerical questions. The topics

         range from the simple—how to solve a percentage problem, how to figure a tip, how to balance your checkbook—to the complex—the

         formula for the present value of an annuity, an installment loan formula, and believe it or not, a simple explanation of Einstein’s

         famous formula, E = mc2. You will also find here important numerical facts and definitions: everything from the definitions of gross domestic product

         and the federal deficit to windchill and heat index tables and the meaning of barometric pressure. Regardless of the complexity

         of the topic, all explanations are in plain English with a minimum of technical jargon.

      


      The first part of the book is a review of all the math topics you need in your day-to-day life. This is not a review of high school mathematics. High school math teachers often try to persuade students that what they’re studying

         will prove useful, but let’s face it, students are generally on the mark when they ask rhetorically, “When are we ever going

         to use this?” Few adults will ever need to use geometry proofs, trigonometry, advanced algebra, pre-calculus, or calculus.

         In fact, although simple algebra can come in handy, you can really get by without it.

      


    Here are topics you do need. Basic arithmetic (chapter 1) is useful for doing things like balancing your checkbook and dealing with big numbers in the millions and billions.

        Fractions, decimals, and percents (chapter 2) have endless applications: cooking, tipping, discounts, markups, mortgage rates, investments, etc. You use ratios and proportions (chapter 3) whenever you change the scale of something, like with a scale drawing or a map, or when you adjust a recipe for

         different numbers of people. You will want to have a basic understanding of powers (like 32 = 3 × 3 = 9) and roots (like [image: art]) to be able to work with financial formulas, among other things (chapter 4).

      


      Another fundamental is basic geometry (chapter 5)—shapes are all around us, and every adult should understand the few simple formulas for perimeter, area, and

         volume, and the various units of measure for these quantities: inches, feet, miles, square feet, square yards, acres, cubic

         feet, gallons, etc. Sample problems include estimating how many square yards of carpeting you’ll need to buy, and figuring

        the amount of fertilizer you need for your lawn. Chapter 6 will review the many units of measurement in the U.S. and metric systems and how to calculate conversions within each system and from one system to the other. You need to have a basic understanding of probability and odds (chapter 7) for gambling, dice games, card games, and the lottery, and to grasp the meaning of statements like “there’s a

         25 percent chance of rain tomorrow,” or the often-quoted probability that a woman has a one-in-nine chance of contracting

         breast cancer sometime in her life. The media inundates us with medical studies, opinion polls, political polls, etc., and

         thus we need a basic understanding of statistics (chapter 8) to separate the wheat from the chaff. Chapter 9 will explain the ways in which charts and graphs we see in the media are often misleading.

      


      If you read part I carefully, I’m confident that you will come away with the feeling that you can handle most, if not all,

         of the math problems you encounter in your day-to-day life. Those of you who do not need this mathematics refresher course

         can skip part I or read only the chapters you need.

      


      Parts II, III, and IV contain straightforward explanations of a hundred or so frequently encountered practical math problems.

         Simply look up your math question in the table of contents or the index. You’ll find here explanations of things like converting

         between U.S. dollars and foreign currency, tips for helping your children with math, explanations of casino games, calculating

         mortgage payments, understanding credit card rates, and how to compute a pitcher’s earned run average.

      


      Do the Math


      One of my objectives is to give you the tools you need to become mathematically self-reliant, so that as you go about your

         day-to-day affairs, you’ll consider the math when making your decisions. You should know, for example, that flying from Chicago

         to Miami is much safer than driving. You may decide to drive anyway, for any number of reasons—the scenery, you enjoy driving, etc.—but you

         should know the relative accident statistics. You should be aware that if you carry a large credit card debt (at, say, a 19.8

         percent APR) month after month without paying down the debt, you are throwing money down the drain at a truly alarming rate.

         When you do the math, you’ll see that it rarely makes sense to take advantage of the “convenience” of a credit card unless

         you know that you’ll be able to pay the balance down to zero in the near future. You may decide to buy that new computer or

         big-screen TV anyway, but you should be aware of the financial implications. Before you decide to buy a low-deductible health

         insurance plan—so that you’ll “never have to worry about medical bills again”—you should know that you’ll probably come out

         ahead if you buy a high-deductible plan. Before you go to the casino, you should know that roulette and craps are games of

         luck, not skill, and that the odds are against you. When it comes to math, ignorance is not bliss.

      


      Then Ignore the Math


      You should do the math, but the math won’t always give you the answer you seek. Say you’re buying a house and you’ve narrowed

         your choices down to two homes. The most important factors to you are location, price, the neighborhood, and the quality of

         the schools. You rate each of these two homes on each of the four factors, on a scale from 1 to 10, and house A comes out

         ahead of house B on three of the four factors, or even on all four factors, yet for some unexplained reason you still prefer

         house B. What should you do? Go with the math or your gut? Go with your gut. Why ignore your careful analysis? I suspect that what happens in situations like this is that we’re subconsciously considering

         more factors or assigning them different weights than we are aware of or are able to articulate. Let’s say house B came out

         on top only on the schools issue and only by a little. If you nevertheless prefer house B, it may be because you are aware

         subconsciously that the schools factor is more important than the other three combined. What if you prefer house B even when

         house A comes out ahead on all four factors? The likely explanation is that one or more factors that you weren’t aware of

         or had decided weren’t important or “shouldn’t” be important—like a beautiful porch or the number of trees on the property—really

         are important to you.

      


      Now, does this mean that your analysis was a waste of time? Not at all. If you had not done any analysis and had made your

         decision only on instinct, you might end up in the wrong house. Let’s say you don’t have any children yet but are planning

         to raise a family, and thus you absentmindedly neglect to consider the schools issue. If you buy the house you like and then

         later learn that the schools are the worst in the country, you will wish you had done a thorough analysis before buying. The

         moral of the story is that in complex situations like this, you should do the math and listen to your gut instincts. Both are important. You can’t make an informed decision unless you do the math. And you should

         also listen to your instincts because, in the words of mathematician and philosopher Blaise Pascal, “The heart has its reasons.”

      


      A Note on Calculator Use, Mental Computation, and Estimation


      Calculators are great. I have several, I use them often, and couldn’t get along without them. Everyone should know how to

         use them. They’re fast, they never make mistakes—assuming, of course, that you punch the right buttons—and there are many

         math problems that are either too difficult or too time-consuming to do by hand. Throughout this book, I’ll go through the

         calculator steps needed for solving various problems. But, I think it’s unwise to use a calculator for every computation you do. When you use calculators for even the simplest of

         computations, your math muscles atrophy and you are more likely to view mathematics as a foreign, mysterious language that

         you will never really understand, an esoteric code that only a calculator can “understand.” In contrast, when you work with

         numbers mentally or with pencil and paper, you strengthen your facility for math, and math will gradually come to make more

         and more sense to you. You will learn that you can do math with your common sense.

      


      If you have forgotten the times table up to 9 times 9—perhaps because you have been using a calculator even for problems like

         9 times 4 or 8 times 6—you owe it to yourself to relearn it. You should also be able to multiply numbers like 40 times 25

         in your head. Four quarters make a dollar, right? So, of course, 4 times 25 is 100, and since 40 is 10 times as big as 4,

         the answer is 10 times as big as 100, or 1000. And 30 times 120 should be easy to do mentally: multiply 3 by 12 to get 36

         and then add two zeros to get 3600. What about ½ of 120?—half of 120 is 60, and half of that is 30. When you take a few seconds

         to think about how problems like this work rather than just pushing buttons on your calculator, your confidence in your math

         abilities will grow.

      


      In the final analysis, you should do what’s comfortable for you. It won’t be the end of the world if you decide to use a calculator

         even for 2 times 3 or 5 times 4. It certainly is reassuring to know that the calculator can’t err. And if you’re working on

         an important project where accuracy is absolutely critical, it may make sense to use the calculator, or at least to use it

         to check your answers. But your confidence and competence in mathematics will likely increase if, at least for the easy stuff,

         you do the math.

      



      Calculator Models


      I strongly recommend that you get a calculator like Texas Instruments’ TI-34 II (about $15 to $20). It has several great features

         and is easy to use. Unlike most calculators, it has two lines to display: one for the problem you enter and one for the answer

         it gives you. This allows you to check whether you’ve entered the entire problem correctly, and also to see the problem and

         the answer at the same time—and that can make a big difference. It also has buttons that will convert between fractions, decimals,

         and percents—like [image: art] = 0.2 = 20%—and between mixed numbers and improper fractions—like [image: art]. It will also add fractions, reduce fractions, and give you the remainder when you divide numbers. And it probably has every

         other feature you’re likely to need. Whatever calculator you choose, try to find one with all or most of the above capabilities.

         If you’ll be doing a lot of financial math (present value, future value, annuity and amortization formulas, etc.), you might

         also want to pick up a business calculator. Texas Instruments’ BA-35 Solar is a good one (about $20 to $25).

      




      Whether you do a problem in your head, on paper, or with a calculator, it’s a good idea to also estimate a rough answer to

         the problem. Estimating builds confidence in math because when you estimate, you have to rely on your own grasp of a problem

         rather than just following memorized rules and formulas. Estimating is also a good way to catch errors. You shouldn’t just

         blindly accept the answer you get with pencil and paper or with a calculator. Make sure that the answer agrees with your estimate

         and that it doesn’t fly in the face of common sense. If you don’t have a rough idea of what kind of answer to expect, you

         might push the wrong button on your calculator, get a ridiculous answer, and not realize that it’s wrong.

      


      A Few Suggestions to Those Who Never Liked Math or Whose Math Is Rusty


      Whether you have never liked math or feel that you’ve forgotten most of the math you learned in high school, I’m confident

         that if you work through part I of this book patiently and thoroughly, you’ll come away with a solid grasp of all the mathematics

         you need for practical math problems. Even if you’ve always hated math, you’ll find that the math presented in part I is manageable.

         You may find that my explanations bring math down to earth and make it easier to grasp than you experienced in school.

      


      There are many reasons for not liking math—for feeling like a fish out of water whenever you deal with numbers. You may have

         had a bad experience in school that made you feel that you weren’t good at math. You may have found math boring, meaningless,

         or irrelevant—and it’s difficult to learn anything we believe is unimportant to us—or your teachers or parents may not have

         pushed you to succeed in math. And, for girls and women, although things are getting better all the time, there still remains

         in our culture a gender bias that expects more of boys than girls when it comes to math, science, and technology. The good

         news is that once you have a real desire to learn mathematics, none of the above will matter much. Everyone can learn math,

         we’re hardwired for it.

      


      When the right approach is taken, math is something we can grasp with our common sense; it need not seem strange or esoteric.

         Two strategies that make math easier, for example, are to make math concrete and to learn why things are true. Math concepts make more sense to us when we see the connection between what may seem like a foreign or abstract rule or

         formula and the concrete reality of the world around us. For example, adding, subtracting, multiplying, and dividing negative

         numbers confuse some people. This is understandable because negative numbers can seem abstract—we can’t have −5 apples, for

         example. Some people might be confused about how to add −8 and −5. For example, they might mistakenly use the multiplication rule that two negatives make a positive for this addition problem. But this problem needn’t involve learning or remembering any abstract rules. You can think of negative numbers like

         debt. Two negatives add up to a bigger negative in precisely the same way that two debts add up to a bigger debt. That’s all

         there is to it. When you make connections like this between seemingly strange math concepts and the familiar things from your

         day-today life, math gets so much easier.

      


      Learning why things are true also makes math easier to grasp. For example, do you remember the formula for the area of a triangle?

         No? I’m shocked! It’s Area = ½ × base × height, or A = ½lbh. Now, why does this formula work? Consider the diagram below:

      


      [image: art]


      We can see that the area of the triangle is half of the area of the rectangle because triangle ABF (shaded black) is half

         of the rectangle on the left (rectangle ADBF), and triangle FBC (shaded gray) is half of the rectangle on the right (rectangle

         FBEC). Therefore, since the area of a rectangle equals base times height (which means the same thing as length times width), the area of a triangle must be half of that, or half of base times height. In short, the formula for the area of a triangle is based on the simple fact that a triangle takes up half the area of a

         rectangle. When you learn the logic underlying mathematical ideas like these, math becomes far less intimidating.

      


   

      PART I


      Getting Back to Basics


      [image: art]


      Your instincts years ago were right. Most of what you learned in high school math you don’t need, namely, most of algebra, geometry proofs, trigonometry, and calculus. What you do need is the math you studied through sixth or seventh grade—basic arithmetic, fractions, decimals, percentages, ratios, proportions,

         simple geometry, and some facility for estimating, mental computation, and calculator use. You also need a few high school

         topics such as powers and roots, which are used frequently in financial math. And probability, odds, and statistics are necessary

         to understand games of chance, as well as the many studies and surveys we see in the media. Are you ready? Let’s get started.

      


   

      CHAPTER 1


      The Fundamentals


      [image: art]


      Take a good look at this number line. It’s the foundation for everything in this book and, if you’ve never liked math, the

         source of your frustrations. There they are, the numbers—the building blocks of mathematics. All the numbers are there: your

         height, weight, and age, your annual income, your mortgage balance and credit card interest rate, the number of stars in the

         Milky Way galaxy, and the weight of a proton. (Actually, there are numbers that can’t be found on the number line. These so-called

         imaginary numbers are used in electrical engineering, among other things. But since this is a book of practical math, let’s

         not go there.) Let’s review the basic types of numbers.

      


      Whole numbers, integers, fractions, and decimals. The whole numbers are 0, 1, 2, 3, … and so on. The whole numbers and their opposites (negative numbers) are called integers, that is … −3, −2, −1, 0, 1, 2, 3, … Fractions and decimals are all the numbers in between the integers: numbers like [image: art], −0.00126, [image: art] (or 1%), 2.8, and π (the Greek letter “pi”), which equals approximately 3.14. Fractions and decimals are obviously of great

         practical importance. We use them whenever we’re dealing with a fraction or a percentage of something.

      


      Negative numbers. To the left of zero are, of course, the negative numbers. In a sense, negative numbers seem strange and abstract—how can there be less than nothing? (This bizarre quality

         of the negative numbers may explain why as late as the seventeenth century, two millennia after the sophisticated mathematics

         of the Babylonians, Chinese, and Greeks, there was disagreement over whether negative numbers were legitimate.)

         

            1

         

          In another sense, however, negative numbers are quite ordinary and practical. How can we have less than nothing? When we’re

         in debt. One of the easiest ways of understanding the arithmetic of positive and negative numbers is by using the analogy

         of money and debt.

      


      Prime numbers. The prime numbers are numbers that can’t be divided evenly by any other numbers. For example, 28 is not prime, because 2, 4, 7, and

         14 all go into 28. But 17 is prime, because no numbers go into it except for 1 and 17 itself. The first several prime numbers

         are 2, 3, 5, 7, 11, 13, 17, 19, 23 … and so on. Prime numbers have always interested mathematicians. It was proven, for example,

         over two thousand years ago that the list of prime numbers never ends. They remain an important topic, but they have very

         little practical significance. With the exception of the small ones like 2, 3, 5, and 7, we rarely see prime numbers in everyday

         life, for several reasons. We live in a world of round numbers (100 cents in a dollar, 60 minutes in an hour, etc.), repetition

         (the eight-hour workday is repeated five times, resulting in a forty-hour workweek, and since 8 times 5 is 40, 40 is not prime),

        and things that are arranged in equal rows (try buying a box of candy with a prime number of pieces). For everyday math, you

         do not need to concern yourself with prime numbers.


        

      Negative Numbers


      When you learned the rules for negative numbers in math class, they may not have made sense to you. You may have felt that

         you simply had to take them on faith and memorize them. But when you see the connection between positive and negative numbers

         and money and debt, the rules agree with what your common sense tells you. Why does −10 plus −5 equal −15? Because if you

         have a $10 debt and a $5 debt, altogether you’re $15 in debt. Now, say you have a checking account or a debit card that allows

         you to carry a positive or a negative balance. Why does 10 minus 40 equal −30? Because if you have a $10 balance, then spend

         $40, your new balance will be −$30. Why does −50 minus 20 equal −70? Because if your balance is −$50 and then you spend $20,

         your new balance will be −$70. Why does 20 minus −30 equal 50? To subtract means to take away, so subtracting a negative is

         like taking away a debt or debit. Say your checking account balance is $20 after an erroneous $30 charge was made against

         your account. When you bring this error to the bank’s attention, they will take away the $30 debit and your balance will go

         up to $50. And that’s why subtracting a negative is the same as adding a positive. One last example: why does a positive times

         a negative equal a negative? Why, for example, does 6 times −5 equal −30? Well, multiplication is repeated addition, that

         is, 6 times 5 equals 5 + 5 + 5 + 5 + 5 + 5 (6 times), which adds up to 30. Therefore, 6 times −5 is like adding up six $5

         debts: −$5 + −$5 + −$5 + −$5 + −$5 + −$5 (6 times), which comes to −$30.

      


      Another good analogy for positive and negative numbers is temperatures above and below zero on a thermometer. A thermometer

         is just like the number line standing straight up. So −5 minus 10 equals −15 because if it’s 5 below zero and the temperature

         falls 10 degrees, it will then be 15 below zero. And −12 plus 8 equals −4 because if it’s 12 below zero and the temperature

         goes up 8 degrees, the new temperature will be 4 below zero. Using the analogies of money and debt or temperatures can make

         negative numbers much easier to grasp. And, by the way, this is a great way to help your children understand negative numbers.

      


      


      

      Rational and irrational numbers. Lastly, all numbers on the number line are either rational or irrational. Rational numbers are those that can be expressed as a fraction. Numbers like [image: art], ½ and ¾ are rational, as are 4½ (because it can be written as [image: art]) and 5 (because it can be written as [image: art]). Decimals that terminate, like 0.2 and 3.8, are also rational, because they can also be expressed as fractions—0.2 equals [image: art] or [image: art]; and 3.8 equals 3 [image: art], which equals 3 [image: art]. Conversely, the irrational numbers are those like [image: art] and π that can’t be expressed exactly as fractions: [image: art] equals 1.414213 …; π equals 3.141592 …, which is very close to [image: art], but no fraction is exactly equal to π. Irrational numbers like this are decimals that go on forever without a repeating pattern of digits. If there

         is a repeating pattern, as in 0.3333…, which equals [image: art], then the number is rational. (To explain this any further would be definitely irrational.)

      


      Like prime numbers, irrational numbers have little practical significance. In fact, it’s almost impossible to use irrational

         numbers in the real world because we can’t measure anything to the accuracy of a decimal number that goes on indefinitely,

         and we can’t use a never-ending decimal in a calculation. Irrational numbers are thus theoretical numbers for pure mathematics.

         (So why am I telling you about them? I’m a math teacher—I can’t help it!) In the everyday world, we don’t need accuracy beyond

         a couple or a few decimal points. And when you round off an irrational number to a couple decimal points, it becomes a rational

         number. For example, if you need to know the circumference of a circle that is 5 feet across, you use the formula Circumference = π × diameter, and you can round off π (an irrational number) to 3.14 (a rational number). The circumference will be approximately 3.14 × 5, or 15.7 feet, and your answer will be good enough.

      


      

      [image: art]


      Pi (π) equals about 3.14. To 10 decimal places, it equals 3.1415926535 … The decimal never ends. (If you’re curious, you can

         probably find a Web site that shows pi to 1000 or 10,000 decimal places.) The fraction [image: art], which equals about 3.143, is a good approximation of pi and is certainly close enough for any problem you might want to

         do. I find it remarkable that as far back as the fifth century A.D., Tsu Chung-Chin discovered the much better approximation of [image: art], which equals about 3.1415929 and is within one hundred-thousandth of 1 percent of pi! I’d like to know how he did it.

      


    


    

      More Rational or Irrational Numbers?


      Irrational numbers may be impractical, but they certainly are plentiful. Consider the numbers between zero and one. It’s very

         easy to show that there are an infinite number of rational numbers in this interval. There’s ½, [image: art], ¼, [image: art], etc. This list goes on forever. Then there’s [image: art], ¾, [image: art], [image: art], etc., not to mention others like [image: art], [image: art], etc., etc. So the number of rational numbers is infinite. That’s quite a lot, wouldn’t you say? But, it turns out that not only is the number of irrational numbers between zero and one also infinite, it’s an infinity of a

         higher order—yes, there are in fact different levels of infinity. And get this—there are so many more irrationals than rationals,

         that if you were to pick a number between zero and one at random, it’s not merely very likely that you’d pick an irrational

         number, the probability of picking an irrational is actually 100 percent! And, thus, the probability of choosing a rational

         number is zero percent! Hard to believe, but true.

      


      


      Well, enough about numbers you’ll never use. Let’s return to ordinary, everyday numbers.


      Addition, Subtraction, Multiplication, and Division


      I hesitated putting a discussion of addition, subtraction, multiplication, and division in this book, thinking this material

         was too basic. And on top of that, most people will use a calculator to, say, add a long column of numbers or multiply 37

         by 62 or divide 300 by 22. But, as I mentioned in the preceding “Note on Calculator Use,” if you’ve forgotten how to add,

         subtract, multiply, or divide on paper, you really owe it to yourself to relearn these basic operations. And you might want

         to review these topics so you can help your kids with them. Enough throat-clearing? Okay, here we go.

      


      ADDITION


      Let’s add the following numbers:


      [image: art]
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      SUBTRACTION


      Now let’s subtract 357 from 6031.


      [image: art]


      Step 1) In the ones column we want to take away 7 from 1, which is impossible, so we must “borrow” 1 ten from the 3 tens in the tens

         column. This leaves 2 tens in the tens column and turns the 1 in the ones column into 11 (because 1 plus 10 is 11). (By the

         way, to call this “borrowing” is about as accurate as when we ask someone to “borrow” a sheet of paper. This is taking, not borrowing.) Why does this “borrowing” work? Because all we’re doing is rewriting the original number in a way that’s

         different from but equivalent to the original number: 6031 equals 6000 plus 30 plus 1. After “borrowing” the ten, we now have

         6000 plus 20 plus 11, which still adds up to 6031. So far, we’ve got the following:

      


      [image: art]


      Step 2) Now take 7 away from 11 and write the answer, 4, below the line:

      


      [image: art]


      Step 3) Now we’d like to take 5 away from 2 in the tens column, but, again, this is impossible, so we have to borrow from the hundreds

         column. This time, however, since there is a zero in the hundreds column, and since you can’t take blood from a turnip, we

         can’t borrow yet. First, we have to borrow a thousand from the 6 thousands in the thousands column. (This works because we’re

         taking away a thousand from the thousands column and adding 10 hundreds [which equals a thousand] to the hundreds column.)

         See below:

      


      [image: art]


      Step 4) Now we can borrow what we need for the tens column. We borrow 1 hundred from the 10 hundreds in the hundreds column, leaving

         9 hundreds in the hundreds column and turning the 2 in the tens column into a 12 (we’re taking away 1 hundred from the hundreds

         column and adding 10 tens [which equals 1 hundred] to the tens column). We’ve arrived at the following:
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      Now we can do the final subtraction:


      

    
	Step 5)
	[image: art]



  


      MULTIPLICATION


      Now for multiplication. Before you can do long multiplication, you’ve got to learn the times table. If you know the times

         table up to 9 times 9, skip this discussion. If you’ve forgotten some or all of the products up to 9 times 9 (I’m shocked!),

         you can either memorize the table (it’s only 36 numbers) or use the tips and shortcuts discussed below. But before we get

         to the times table, let’s review the definition of multiplication: multiplication is repeated addition. In other words, 3

         times 12 means the same thing as three 12s, or 12 plus 12 plus 12. Using this definition, you could reconstruct the full table

         or parts of it if you forget some products. For example, let’s say you forget what 6 times 7 is. You can get the answer by

         simply adding up six 7s: 7 + 7 + 7 + 7 + 7 + 7 = 42.

      


      Here’s the table:


      

        
	X

            	2

            	3

            	4

            	5

            	6

            	7

            	8

            	9

         


         

            	2

            	4

            	

            	

            	

            	

            	

            	

            	

         


         

            	3

            	6

            	9

            	

            	

            	

            	

            	

            	

         


         

            	4

            	8

            	12

            	16

            	

            	

            	

            	

            	

         


         

            	5

            	10

            	15

            	20

            	25

            	

            	

            	

            	

         


         

            	6

            	12

            	18

            	24

            	30

            	36

            	

            	

            	

         


         

            	7

            	14

            	21

            	28

            	35

            	42

            	49

            	

            	

         


         

            	8

            	16

            	24

            	32

            	40

            	48

            	56

            	64

            	

         


         

            	9

            	18

            	27

            	36

            	45

            	54

            	63

            	72

            	81

         


      


      Multiplying by 2. This is easy. Two times something is the same as doubling it or adding it to itself. For example, 2 times 7 is the same

         as 7 plus 7, which, of course, equals 14. If you want some help for memorizing even this simple fact (I’m shocked again!),

         here’s a tip: think about money; $7 plus $7 is a $5 bill and two singles plus another $5 bill and two more singles, for a

         total of 2 fives and 4 singles, or $14. (By the way, converting numbers into money like this is a great aid to doing math

         in your head.) The other products involving a 2 are equally easy.

      


      Multiplying by 5. This is also simple. One way to multiply by 5 is to simply count by fives: 5, 10, 15, 20, 25, 30, 35, 40, 45. Or you can

         use the fact that 5 times an even number ends in a zero, and 5 times an odd number ends in a 5. Now, consider money again:

         7 times 5 is 35 because seven 5s is one more than six 5s, and six $5 bills is the same as three $10 bills, which comes to

         $30. Then the seventh $5 bill brings the total to $35.

      


      Multiplying by 9. There are several simple patterns that make multiplying by 9 a snap. Consider the last row of the products in the table:

         18, 27, 36, 45, 54, 63, 72, and 81. The first pattern is that the tens digit in the product is one less than the number we’re

         multiplying by 9. For example, the answer to 9 times 6 (54) begins with a 5 (one less than 6), and the answer to 9 times 8

         (72) begins with a 7 (one less than 8). The second pattern is the fact that the digits in each of the products add up to 9:

         the 1 and the 8 in 18 add up to 9, the 2 and the 7 in 27 add up to 9, etc. Let’s do a couple products. If we want to multiply

         9 by 7, we know that the answer will begin with a 6 (one less than 7) and that the answer must end with the number that when

         added to 6 makes 9. Since 6 plus 3 equals 9, the answer is 63. Nine times 8 must begin with a 7 (one less than 8), and since

         7 plus 2 is 9, the answer is 72.

      


      There are a couple more patterns about the 9’s products:


      18, 27, 36, 45, 54, 63, 72, 81


      First, the tens digits increase from left to right (1, 2, 3, 4, etc.) and the ones digits decrease from left to right (8,

         7, 6, 5, etc.). And second, this list of products is a palindrome! In other words, it’s precisely the same read forwards or

         backwards, like the Napoleonic palindrome: “Able was I ere I saw Elba.”

      


      Multiplying by 4 and 8. To multiply a number by 4, you just double the number then double the result. To multiply by 8, you just double three times.

         For example, to multiply 6 by 4, just double 6 (that’s 12), then double 12 (that’s 24). To multiply 7 by 8, double 7 (14),

         then double 14 (28), then double 28 (56).

      


      Well, that takes care of all but six numbers on the table. I don’t have any tips for these, so you’ll have to memorize them:

         3 × 3 = 9, 3 × 6 = 18, 3 × 7 = 21, 6 × 6 = 36, 6 × 7 = 42, and 7 × 7 = 49.

      


      Long Multiplication


      This process is very easy once you’ve learned the times table. Let’s multiply 6817 by 524.


      [image: art]


      Step 1) We multiply 6817 by the 4 in 524; 4 times 7 is 28, so we write the 8 below the 4 and carry the 2. See below.

      


      [image: art]


      Now we multiply 4 by 1, which equals 4, and add the 2 we carried, giving us 6. Write the 6 next to the 8, and this time there’s

         nothing to carry since our answer, 6, is only a single digit.

      


      [image: art]


      Next comes 4 times 8, which is 32, so write the 2 next to the 6 and carry the 3 (above the 6 in 6817). Finally, multiply 4

         by 6 and add the 3 we carried; this comes to 27. Now, we would usually write down the 7 in the bottom row and carry the 2,

         but this time, since 6 is the leftmost digit in 6817, we write all of 27 below the line. See below.

      


      [image: art]


      Step 2) Now we multiply 6817 by the 2 in 524. Since this 2 is really 20, or 2 tens, we write the first number we obtain in the tens column (below the 6 in 27268). First is 2 times 7, or 14. Write the 4 below

         the 6 and carry the 1. See below.

      


      [image: art]


      Notice that when we carry the 1, we cross out the 2 we had carried earlier so that we keep things straight. Now continue multiplying

         from right to left: 2 times 1 is 2 plus the 1 we carried equals 3, so write the 3 next to the 4; 2 times 8 is 16, so write

         down the 6 and carry the 1; and 2 times 6 is 12 plus 1 is 13, so write the 13 in the bottom row. Here’s what we’ve got so

         far.

      


      [image: art]


      Step 3) One more row to go. Repeat the above process for the 5 in 524. Since the 5 stands for 5 hundreds, we write our first result in the hundreds column (below the second 3 in 13634).

      


      [image: art]


      Step 4) Add the three rows for the final answer.

      


      [image: art]


      DIVISION


      Division is simply the reverse of multiplication: 3 × 4= 12, so 12 ÷ 4 = 3. Or, look at it a bit differently—3 times 4 is

         the same as 4 + 4 + 4, which adds up to 12. So we see that there are three 4s in 12, or, in other words, 4 goes into 12 three

         times, and thus we can split 12 into three groups of 4, and that’s the same thing as saying that 12 ÷ 3 = 4. Twelve also equals

         3 + 3 + 3 + 3, so there are four 3s in 12, that is, 3 goes into 12 four times, and we can therefore divide 12 into four groups

         of 3, and that gives us 12 ÷ 4 = 3. Let’s look at this yet another way … Just kidding.

      


      Long Division


      As with long multiplication, you can’t do long division—without a calculator, that is—unless you know the times table. Let’s

         divide 1896 by 24:

      


      [image: art]


      Step 1) Look at 1896. Starting from the left, find the first number larger than 24. Since 18 is smaller than 24, we need to use the

         first three digits, 189. Now ask yourself how many times 24 will go into 189. Most people do this by trial and error. Make

         a guess, say, 8 times. And 8 times 24 is 192—too much, but just a little too much—so 7 will work: 7 times 24 is 168. Now,

         since we were dividing 24 into 189, write the 7 above the last digit of 189, and write the product, 168, below the 189—like

         this:

      


      

      Casting Out Nines


      There’s a nice trick for checking your math, called “casting out nines,” that’s been known for at least a thousand years.

         Once you learn this trick, you can do most of it quite quickly in your head. It’s much simpler than the length of the following

         discussion might suggest. In a nutshell, you just keep throwing out digits that add up to 9. Consider the multiplication problem

         in the text. Look at the digits in 6817. Since 8 plus 1 is nine, cross out the 8 and the 1. Now add what’s left, 6 plus 7

         is 13, and then add the 1 and the 3 in 13, for an answer of 4. You just keep going until you’re down to a single digit. Do

         the same for 524: 5 plus 4 is 9, so get rid of the 5 and the 4. So 2 is left, and since it’s a single digit, 2 is your answer.

         Now do the same for the answer, 3,572,108: 7 plus 2 is 9, and 1 plus 8 is 9, so get rid of those four digits. That leaves

         the 3, the 5, and the 0, which add up to 8. Here’s what we have so far:
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      Since 4 times 2 is 8, our answer checks.

            2

         

          By the way, when you’re “casting out nines” like this, it doesn’t matter in what order you add up the digits, nor does it

         matter whether you cross out digits that add up to 9. For example, with 3,572,108 you could have started anywhere, say with

         the 5 and the 7. And 5 plus 7 is 12, so cross out the 5 and 7 and jot down the 12, like this:

      


      [image: art]


      Since 1 and 2 are such small numbers, replacing the 5 and the 7 with the 1 and the 2 makes it easier to add up everything.

         Now add up the digits: 3 + 1 + 2 + 2 + 1 + 0 + 8 = 17. Then add the 1 and 7 in 17 and you arrive at 8, as above. Or you could have started by crossing out the 3, 5, and 1 because they add up to 9 and then the 7 and 2—this would leave the

         0 and the 8, which, of course, add up to 8. Or you could have just added up all the digits in 3,572,108: 3 + 5 + 7 + 2 + 1 + 0 + 8 = 26. Then 2 plus 6 is, once again, 8.

         No matter how you do it, it comes out the same. The only thing that matters is that you keep going till you’re down to a single

         digit. Casting out nines also works for addition and subtraction.
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      Step 2) Now subtract the 168 from 189, then bring down the 6:
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      Step 3) Now divide 24 into 216. How many times will 24 go into 216? We saw above that 8 times 24 is 192. Is there room for one more

         24? Yes, one more 24 added to 192 is precisely 216, so we see that 24 goes into 216 exactly 9 times. So write the 9 above

         the 6 and the product of 9 and 24, which is 216, below the other 216, and subtract.
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      We’re done. Twenty-four goes into 1897 seventy-nine times with nothing left over. That is, 1896 divided by 24 is 79.


      Now let’s do a division problem where there’s a remainder. Divide the following:


      [image: art]


      Four goes into 6 one time, so we write the 1 above the 6 and the product of 1 and 4 (that’s 4) below the 6 and subtract. Then

         bring down the 2. Next, 4 goes into 22 five times, so write the 5 above the 2 and the product of 5 and 4 (that’s 20) under

         the 22 and subtract. Then bring down the 7, etc. The final subtraction leaves a 3, and since there are no other numbers to

         bring down, that ends the division problem, and the remainder is 3. Here’s what it looks like:

      


      [image: art]


      As I’m sure you’re aware, this remainder of 3 means that 4 goes into 627 156 times with 3 left over, which is to say that

         4 times 156 equals 624, 3 shy of 627. Now, we can express this result in a few ways. We can say that 627 divided by 4 equals

         156 with a remainder of 3. Or we can make a fraction by putting the remainder (3) over the divisor (4) and say that 627 divided

         by 4 equals 156¾. Or, since ¾ is the same as .75, we can write the answer as 156.75.

      


      We could have obtained the decimal answer had we continued the division beyond the ones place (beyond the 7 in 627). To obtain

         a decimal answer, we write 627 as 627.00 (we can use as many zeros as we need). Then divide as above, except that a decimal

         point is placed after the 6 in 156. Thus:
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      Please Excuse My Dear Aunt Sally


      When a single problem involves more than one operation (addition, subtraction, multiplication, etc.), the acronym PEMDAS tells

         us in what order to carry out the operations. Students are taught the meaningless mnemonic—Please Excuse My Dear Aunt Sally—to help them remember PEMDAS.

      


      P—Parentheses (if there are parentheses within other parentheses, do them from inside out).


            

      E—Exponents (exponents, or powers, are discussed in chapter 4).
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Multiplication and Division (do multiplication and division from left to right, whichever comes first).
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Addition and Subtraction (do addition and subtraction from left to right, whichever comes first).



    


      Let’s carry out the operations in the following expression:


      20 − 12 ÷ 2 × 3 + 42


      We can skip over the “P” in PEMDAS since there are no parentheses. Next comes “E” for exponents, so replace the 42 with 16 (42 means 4 times 4, which equals 16). Multiplication and division come next. The mnemonic device is somewhat misleading here.

         Even though “M” comes before “D” in PEMDAS, multiplication does not take precedence over division. We do multiplication and

         division from left to right, regardless of the order in which they appear. So the next thing we do is 12 ÷ 2, which is 6.

         The 6 replaces the 12 ÷ 2, and then 6 × 3 comes next. Replacing the 6 × 3 with 18 brings us to the following:

      


      20 − 18 + 16


      Addition and subtraction remain. Like multiplication and division, addition and subtraction are performed from left to right

         in whatever order they appear. So we have 20 − 18, which is 2; then 2 + 16 for our final answer, 18. If you do the operations

         in any other order, you’ll get the wrong answer. Try it.

      


      Let’s change the problem a bit:


      (20 − 12) ÷ 2 × (3 + 4)2


      This is identical to the original problem, except for the two sets of parentheses. We can use parentheses like this to change

         the order in which we perform the different operations. This time we do what’s inside the parentheses first, so replace the

         20 − 12 with 8, and the 3 + 4 with 7. Now we have

      


      8 ÷ 2 × 72


      Exponents come next, so replace the 72 with 49, then do the multiplication and division from left to right: 8 ÷ 2 is 4, then 4 × 49 is 196. If Regis Philbin asks,

         196 is your final answer.

      


      By the way, calculators automatically do operations in the proper order. So if you enter either of the above two problems

         in a calculator just as they appear in the text, parentheses included, the calculator will give you the correct answer. Try

         it.

      


      Big Numbers


      We’re bombarded with big numbers every day in the media. It would be difficult to pick up a newspaper or turn on the news

         and not see or hear something about the stock market or some corporate takeover or government program involving millions or

         billions or trillions of dollars. If you’ve forgotten the meaning of thousands, millions, billions, and trillions and the

         relationships among these numbers, well, pardon me for saying this, but get a grip! and learn this simple topic. It really is a very easy thing to learn. And if you want to be mathematically literate, you

         must understand these numbers and be able to do some simple computations with them.

      


      Here we go.


      

         

            	One thousand:

            	1000

         


         

            	One million:

            	1,000,000

         


         

            	One billion:

            	1,000,000,000

         


         

            	One trillion:

            	1,000,000,000,000

         


      


      I’ve got a simple mnemonic device to help keep these straight. You know what a thousand is; and to remember the order of the

         numbers million, billion, and trillion, just think of the prefixes “mono” (1) for million, “bi” (2) for billion, and “tri”

         (3) for trillion. You know—“mono” as in monopoly (1 company) or monocle (1 lens), “bi” as in bicycle (2 wheels), and “tri”

         as in tricycle (3 wheels).

      


      You’ve probably noticed the simple pattern in the numbers above: there are three more zeroes in each subsequent number. Another

         way of saying the same thing is that

      


      a million is a thousand thousands,

      


      a billion is a thousand millions, and

      


      a trillion is a thousand billions.

      


      Make sure you have a solid grasp of this fundamental pattern. Let’s try an example. If there were 125 million 

            3

         

          taxpayers in the United States and each was taxed one thousand dollars, how much would the Treasury take in? Well, since

         a thousand times a million is one billion, a thousand times 125 million equals 125 billion. When you multiply a number by

         a thousand, you add three zeros to the number, and adding three zeros turns thousands into millions, millions into billions,

         and billions into trillions.

      


      MORE MULTIPLICATION PROBLEMS


      You should have no difficulty mastering multiplication problems with big numbers. One simple shortcut you probably already

         know is that you can temporarily ignore the name of the number you’re working with while you do the computation. For example,

         let’s say the federal government wants to immunize the 4 million two-year-olds in the United States against a certain disease

         at a cost of $8 per child. What would this cost? Instead of using the number 4 million, or 4,000,000, you can temporarily

         ignore the word “million” or ignore the six zeros and just use the number 4. Since 8 times 4 is 32, the answer is $32 million.

      


      Here’s one more problem. Say there were 130 million taxpayers in the U.S., and the average amount paid annually in income

         tax was $8,000. What would the total be? That is to say, what’s 130 million times 8 thousand? Let’s do this two different

         ways.

      


      
METHOD 1.

      


      Since 8 thousand equals 8 times a thousand, we can do this problem by first multiplying by 8 and then multiplying the answer

         we get by a thousand.

      


      Step 1) Temporarily ignoring the “million” in 130 million, we multiply 130 by 8, which is 1040 (no pun intended), giving us a preliminary

         answer of 1040 million.

      


      Step 2) We must multiply this number by a thousand, but that’s simple if you remember from above that when multiplying by a thousand,

         millions become billions. So now we have a thousand times 1040 million, which equals 1040 billion.
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