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INTRODUCTION

Where did it all go? Everything we learned at school now seems a distant memory. We sit slack-jawed when our children ask us which planet comes after Jupiter, or what the capital of Bulgaria is, or what quid pro quo actually means. Have you ever found yourself making up your own version of Pythagoras’s theorem in order to avoid the humiliating scorn of your offspring? Have you ever gamely begun an explanation of Canada’s role in the War of 1812, while your little one looks up at you full of admiration, only to find that you can barely remember what year it happened? Have you ever succumbed to the temptation to use the embarrassing escape clause “Ask your father/mother?”

Even simple queries like “Why is the sky blue?” have many parents scratching their heads. All we can remember is that we used to know the answer. A recent British study revealed that even though most pupils study French for five years, by the time they are adults the sum total of their knowledge stretches to – at best – four words. In these days of high-speed Internet connections and calculators on mobile phones, we rarely have to use the information that was drummed into us in our school days. The good news is that it’s still all there. And even better, it’s surprisingly easy to revive those dormant grey cells and hold your head up with pride when you’re next asked to help with homework.

Homework for Grown-ups is a revision guide for adults that will put you back on track. We aim to entertain you as well as exercise your brain and equip you with the basics, so you can impress your friends or handle homework without humiliation. We hope you’ll be as sharp as a tack after reading it, as bright as a button and as clever as when you were a fresh-faced youngster traipsing off to school with your Happy Days lunchbox. Homework for Grown-ups is the way to get back your self-respect and also show the kids a thing or two.



MATHEMATICS
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“Mathematics n. pl. the abstract science of number, quantity, and space” Oxford Concise English Dictionary

“If in other sciences we should arrive at certainty without doubt and truth without error, it behoves us to place the foundations of knowledge in mathematics.” ROGER BACON (1214–94)



For many of us, Math is remembered as the most hated of all school subjects. For some, nothing strikes fear into the soul as much as algebra or triggers traumatic tics quite like trigonometry. As most people have calculators on ubiquitous mobile phones, it would at first seem that the necessity of grasping the finer points of square roots or percentages is limited. But this shameful attitude is only for the idle or the dim-witted.

It can be of great personal advantage to take an interest in Mathematics: from ensuring your paycheque is correct, to calculating discounts at a Boxing Day sale; from managing your household budget, to working out how many square feet of carpet you need for the living room. Mathematics is probably the most essential of the practical disciplines you learned at school and, if you take it slowly, you’ll find it’s not even as hard as you might remember.

On a higher level, Math is essential to unlocking the secrets of the universe: physics, chemistry and biology all depend on mathematical methods. Math concepts also extend into architecture, art and even poetry. So, you see, Mathematics can be beautiful – the purity of its logic and problem-solving make it a subject to revel in rather than revile – a star subject rather than a scary one.

This chapter will remind you of the mysteries of p and the glories of f, the satisfaction of simplifying fractions and the aesthetic ramifications of the golden ratio, and much, much more. Take out your pencil and paper and turn over the page. You may begin.

ARITHMETIC

The word mathematics derives from the ancient Greek word for “learning.” What most schoolchildren, labouring over their abacuses with sticky fingers, think of as math is actually arithmetic: the art of counting. The symbols we use for numbers today are known as Hindu-Arabic numerals because, after being developed in India in the third century BCE, they were brought into use in Europe around 976 CE through the work of Arab mathematicians. Good mental arithmetic skills, such as those displayed by gamblers and roofers, are extremely useful in everyday life, not least for checking your change at the cashier. Unfortunately, our numerical mental machinery seems to get rusty rather fast. You will probably need to practise your times tables and brush up on your division to get back up to speed again if you’ve been lazily turning to a calculator since your school days.

THE LAW OF AVERAGES:
MEAN, MEDIAN, MODE

There are three different ways of expressing averages: the mean, the median and the mode.

Let’s assume that the total number of TVs owned by the members of your reading group is 30. The total number of people in the group is 16. To find the mean number of televisions per person, divide the total number of TVs by the total number of members. This gives you the answer: there are 1.875 televisions per person in your group. When we say average, we usually mean mean.

However, the mean can be misleading. It could give an inaccurate impression of the number of televisions most of your pals have if a new, nouveau riche chap who had 50 televisions in his palatial mansion suddenly joined your group. This would make the average number of televisions a shockingly vulgar 4.706. In this case, a more accurate reflection of your group’s television ownership would be the median value. In order to get the median you arrange your individual observations in order of lowest to highest:


0, 0, 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 50



Then you pick out the middle number, in this case 2. (If you end up with an even number of observations – and thus two middle numbers – then you find the median by calculating the mean of those two numbers by adding them together and dividing them by two.)

The third “m” of averages is the mode. To find the mode, display your individual observations as you did to find the median and look for the number that occurs most often.


0, 0, 1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 50



In this case, the mode is clearly 2.

MINUS NUMBERS MINUS THE HASSLE: NEGATIVE AND POSITIVE NUMBERS

A positive number is not an annoying, chirpy, chin-up number; it is simply a number that is greater than zero: 1, 2, 3, 4, etc. A negative number is a number that is less than zero: – 1,-2, – 3,-4, etc. So, if your auntie gives you $200 to to buy the kids new skates, and you spend $300 on champagne and caviar, then you will find that your bank balance reads – $100.

Zero is the only number in the whole, vast universe that is neither positive nor negative. Interestingly, in the ancient Babylonian system of numbers, which dates back to the second millennium bce, no character for zero was invented until over a thousand years after other number symbols were developed.

Adding negative numbers

The rule for adding negative numbers to negative numbers, or positive numbers to positive numbers is: When adding numbers of the same sign (i.e., + or – ), add their values together and give the result the same sign. For example:
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However, if you add a negative number to a positive number, this is the same as subtracting the negative number from the positive number. So, 25 + – 7 = 18 is the same as 25 – 7 = 18.

Let’s say that you and your best friend have decided to buy a 1996 BMW convertible with all the money you have in your bank accounts. You have $5,000 but unfortunately your less economically minded friend is $1,500 into her overdraft (i.e., she has – $1,500). This means that between you you have $3,500 to spend on your honey-wagon.

The rule for adding negative and positive numbers together is: When adding numbers of opposite signs, the first step is to ignore the signs and subtract the smaller number from the larger number. Then give the result the sign that was originally attached to the larger number.

For example, if you want to calculate – 36 + 4 the first step involves simply taking 4 (the smallest number) away from 36, which leaves 32. If you then look at the original calculation you’ll see that the largest number (36) had a negative sign attached to it so your answer should be -32.

Subtracting negative numbers

Subtracting a negative number is the same as adding it. For example, – 25 – – 7 = – 18. This is the same as – 25 + 7 = – 18.

If your overdraft is – $15 and you reduce it by $5, this means you’re adding $5 and you end up with a balance of – $10.

The rule here is: Subtracting a number is the same as adding its opposite sign number.

For example, subtracting 5 from 10 is the same as adding – 5 to 10. The answer is 5. And subtracting – 5 from 10 is the same as adding 5 to 10. The answer is 15. Sit up straight, ponder this awhile and you will soon see that it makes perfect sense.

Multiplying negative numbers

If you multiply a positive number by a negative number the answer will always be a negative number. So 5 x – 3 = – 15.

If you multiply a negative number by a negative number the answer will always be a positive number. So – 5 x – 3 = 15.

If the signs are the same, the answer is positive.
If the signs are different, the answer is negative.

Dividing negative numbers

If you divide a positive number by a negative number, or a negative number by a positive number, then the answer will always be a negative number. So 12 – – 3 = – 4.

If you divide a negative number by a negative number the answer will always be a positive number. So – 12 – – 3 = 4. All together, once again:

If the signs are the same, the answer is positive.
If the signs are different, the answer is negative.

THE ROOT OF ALL EVIL: SQUARES AND SQUARE ROOTS

Of course, your multiplication tables from 1 to 12 will be easily recalled, or should be after the time your parents and teachers spent drumming them into your skulls. If you find they are somewhat creaky it is a good idea to practise them in traffic jams. Repetition of them can also be used as a calming relaxation technique in stressful situations. If you are still struggling after making a genuine effort, then you may use this helpful table (see opposite).

When you multiply a number by itself you get what is called its square. (Square numbers in this table are shown in brackets.)

“4 squared” means 4 x 4 and is written as 42. The superscript number next to the standard number tells you how many times to multiply the 4 by itself. 42 = 16.(4 x 4 = :6).
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Following on from this you can work out that 82 is 64, 132 is 169 and 232 is 529.

The 2 is also known as an index number or “power.” So 42 can be called “4 to the power of 2” as well as “4 squared.”

Remember: The square of a number is the product of a number multiplied by itself.

The definition of a square root is “the number that, multiplied by itself, gives a specified number.” So the square root of 169 is the number that has been multiplied by itself to get 169. That is, 13. The square root of 16 is 4. This is written as √16. So √25 means “the square root of 25” which is 5.

Every positive number has two square roots. If you multiply – 5 x – 5 you also get 25. So the square root of 25 can be 5 or – 5.

SQUARE NUMBERS

An integer is a “whole number” – e.g., 1, 2, 3, 4 rather than ½, 1.25, 2.5. 3.888 or 4¼. Integer is a Latin word meaning “untouched” or “whole.”

A square number is the specific term for the square of an integer. Square numbers are indicated in brackets in the multiplication table in the previous section.

4 is the square root of 16, and 16 is a square number because its square root is an integer.

THINKING OUTSIDE THE BOX: CUBES

43 means “4 cubed.” This means 4 x 4 x 4, which equals 64.

The opposite of a cube number is a cube root, which is written as 3√.

MILLIONS, BILLIONS AND TRILLIONS

Watch out when you’re doing big business with our British cousins, as billions and trillions mean different things in Britain than in North America. To add to the confusion, colloquially and hyperbolically, a billion or trillion can just mean “a lot” – as in “I ate a trillion cocktail sausages at last night’s party.”

A million is a thousand thousands: 1,000,000. This can also be written as 106.

A billion is a thousand millions: 1,000,000,000. This can also be written as 109. (In traditional British usage a billion meant a million millions or 1012.)

A trillion is a million millions: 1,000,000,000,000. This is also written as 1012. (In traditional British usage a trillion meant a million million millions or 1018.)

MAGIC NUMBERS: INVESTIGATING PRIMES

A prime number is a number with two and only two factors. In other words, it is a positive whole number greater than 1 that can be divided evenly only by itself and by 1.

All numbers are amazing, but prime numbers in particular are very special. Theoretical mathematicians have been getting excited about them for centuries. The famous ancient Greek mathematician Euclid (c.300 BCE) proved that the quantity of prime numbers is infinite. The intervals between primes get larger as the numbers get larger, and they appear in an irregular pattern. Mathematicians love a challenge, and, excitingly for them, no mathematical formula for generating primes has been discovered, although computers are helping in the quest to come up with large primes. Cryptographers also love prime numbers and often use them in secret codes.

The Electronic Frontier Foundation has offered a $100,000 prize to the first person to discover a prime with at least 10 million digits.

Here is a table of all the prime numbers up to 1,000:
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LONG MULTIPLICATION

To multiply two large numbers together, you can use your superior intellect, a calculator or the time-honoured tradition of long multiplication. This is where you multiply the units, tens, hundreds, thousands, etc. separately and then add the results together. Be warned, however, that ways of long multiplication vary. This is just one tried and tested method. According to this technique, if you wanted to multiply 1743 by 2841 you would do it thus:

First, multiply 1743 by 1.

[image: ]

Then multiply 1743 by 4. Because the 4 is actually 40, you may want to add a zero to the end of this row, directly under the 3. If you don’t add the zero, make sure the first numeral of the second line (in this case, 2) goes under the second numeral of the first line (in this case, 4).

[image: ]

Then multiply 1743 by 8. Because the 8 is actually 800, you need to add two zeroes to the end of this row. (And if you don’t, make sure the 4 goes under the 7.)

[image: ]

Finally, multiply 1743 by 2. Because the 2 is actually 2000, you need to add three zeros to the end of this row.

[image: ]

Then add these values together to get the final sum:

[image: ]

Excellent work! You need never be stumped again when the carefully rote-learned times tables in your head are not adequate for your purposes.


FASCINATING FACTORS

A factor is a number that divides exactly into a larger number. For example, 4 is a factor of 20 because it divides into 20 exactly five times with no remainders. As with the factors contributing to divorce, global warming and ageing, there can often be more than one: 1, 2, 5 and 10 are also factors of 20.


LONG DIVISION

To divide a number by another number of more than one digit, use the method of long division. To those of you who shudder and come out in unsightly pink rashes when reminded of this magnificent exercise, rest assured that if you take it slowly and thoughtfully, step by step, you will find it child’s play. First, there are a couple of similar words that it’s crucial you get the right way around:

The number you want to divide is called the dividend. The number you want to divide the dividend by is called the divisor.

Calmly lay out your calculation as follows:
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As with normal division, you try to work out how many times the divisor fits into the first figure of the dividend. 48 does not go into 6, so move along one place and work out how many times it goes into 65. The answer is 1. Write this above the 65. Then multiply this answer by the divisor and write this below the 65: 1 x 48 = 48.

[image: ]

Subtract this number from 65 and write the result below.

[image: ]

Now bring the remaining figure in the dividend, the 5, down to the bottom row, next to the 17.

[image: ]

Next, divide 175 by 48. The answer is 3. Write the 3 on the top of the calculation, to the right of the 1.

[image: ]

Multiply the answer, 3, by the divisor and write this below the 175. 3 x 48 = 144.

[image: ]

Subtract this number from 175 and write the result (31) below. Because 31 cannot be divided by 48, this is the remainder. The answer therefore, is found on the top and bottom of the calculation: 13, remainder 31. 48 goes into 655 thirteen times, with a remainder of 31.

[image: ]

Keep at it and with practice you will learn to love long division.


ANCIENT GREEK NUMBERS

It is surprisingly useful to know the ancient Greek prefixes for numbers. They turn up in geometry and in many other places, including the definitions of poetic metre.


	– hen or mono


	– dyo


	– tri


	– tetra


	– penta


	– hex


	– hepta


	– okto


	– ennea


	– deka





THE SIGNIFICANCE OF SHAPES:
GEOMETRY

Geometry is the branch of mathematics dealing with the size and shape of surfaces and solids and the position of points and lines on these surfaces and solids. Mother Nature, on close inspection, has organized the world around us with extraordinary regularity. In the sea, the sky, the rivers and the rainforests, you will often see the same shapes repeated – in honeycombs, ferns, rock formations and flower petals. And we humans are not complete fools; we know when to copy a good design. The shapes used in our technology and artistic endeavours range from the structure of a Stealth bomber, which uses trihedral planes to confuse radar, to patchwork quilts, which please the eye with tessellating hexagons.

PROMINENT POLYGONS

A polygon is the term for a two-dimensional shape with any number of straight sides. The word comes from the ancient Greek poly, meaning “many,” and gonos, meaning “angled”

[image: ]

A polyhedron is the term for a three-dimensional solid whose faces are polygons. The word comes from the ancient Greek poly, meaning “many,” and hedra, meaning “base.” The shape below is a pentahedron – the Greek number for five is penta so this is a solid with five bases.

[image: ]

A quadrilateral is a polygon with four sides. The sum of all the angles in a quadrilateral is 360°. Squares and rectangles are both classic quadrilaterals. The word tessellation, which refers to the arrangement of polygons together without any gaps, is connected with the A-list quadrilateral – the square – and comes from the Latin word tessera, meaning the small square tiles used in mosaics.

[image: ]

A parallelogram is a quadrilateral with two sets of straight parallel sides.

[image: ]

A rhombus is a parallelogram with oblique angles and equal sides.

[image: ]

A trapezoid is a quadrilateral with only one pair of parallel sides. However, in Britain, the word trapezium is used to describe a trapezoid and the word trapezoid is used to describe a trapezium, so be careful when chatting casually in British pubs about shapes or you could easily end up feeling the wrath of an angered English geometry hooligan.

[image: ]

A trapezium is a quadrilateral with no parallel sides. (Just not in Britain.)

[image: ]

A hexagon is a polygon with six sides. The ancient Greeks believed that bees had a natural sense of geometry because they pack their hives with perfect hexagonal cells of wax. Only three regular polygons can be efficiently packed like this: equilateral triangles, squares and hexagons. Hexagonal cells offer a particularly sturdy and economical structure.

[image: ]

A decagon is a polygon with ten sides.

[image: ]

A dodecagon is a polygon with twelve sides. This shape is particularly popular in southern-hemisphere mints, and many coins, including the Australian, Tongan, Fijian and Solomon Island fifty-cent pieces, are regular dodecagons.

[image: ]

A heptadecagon is a polygon with seventeen sides.

[image: ]

An icosagon is a polygon with twenty sides.

[image: ]

A googolgon is a polygon with 10100 sides. Googol is an informal word for the number 10100. Legend has it that the Internet search engine Google.com is named after the number googolplex (10googol) as this is the largest named number and implies the multifarious things that can be found on the Internet.

WHAT’S YOUR ANGLE?

This isn’t the History chapter, so we’re not talking about a member of a Germanic tribe that settled in England in the fifth century CE. The angles we are mathematically concerned with here are the spaces between two meeting lines or surfaces. The point where the two lines meet is called the vertex. The word angle comes from the Latin word angulus, meaning corner.

Angles are usually measured in degrees from one line to the next line attached to the vertex. There are 360° in a complete circle. Different sizes of angle have different names.

An acute angle measures less than 90°.

An angle of 90° is called a right angle.

An obtuse angle measures between 90° and 180°.

A reflex angle measures greater than 180°.

An oblique angle is inclined at any other degree than a right angle. Acute, obtuse and reflex angles are all oblique.

[image: ]

Triangles can also be defined by their angles. A right-angled triangle contains one 90° angle, and the side opposite the right angle is called the hypotenuse. An obtuse triangle has one angle larger than 90°. An acute triangle has angles that are all smaller than 90°. An oblique triangle has no angles that are 90°.

[image: ]

A protractor is a tool for measuring and drawing angles. The protractor doesn’t seem as ubiquitous to handbags or manbags as it was to the pencil case. Let’s change that. Buy yourself a new protractor and scratch the name of your favourite band on it in celebration of your new-found love of mathematics.

BORDER CONTROL: CALCULATING
PERIMETERS AND CIRCUMFERENCES

The outside edge of a polygon is called its perimeter. The sum of the length of all the sides is the measurement of the perimeter.

The perimeter of a circle has a special name: the circumference. A circle is a round shape whose circumference is everywhere equidistant from its centre. The diameter of a circle is the measurement of a straight line that passes through the centre of a circle from one edge to the other. The radius is the measurement of a straight line running from the centre of a circle to its circumference. The diameter is equal to the radius x 2. If you want to draw a circle with a diameter of 10 cm, take your compass and set the arms to 5 cm apart using your ruler.

[image: ]

π IN THE SKY

[image: ]

The circumference of any circle is calculated by multiplying the length of the diameter (or the radius x 2) by approximately 3.141592, otherwise known as pi. Pi is the sixteenth letter of the ancient Greek alphabet and is usually written as p. This formula is sometimes written out as a mathematical equation: c = 2πr. You can also calculate the area of any circle by multiplying the radius by itself and then by pi, using the formula = area.

π

Since ancient Babylonian and Egyptian times pi has been very useful to mathematicians. Some people think that there is a reference to pi in the Bible’s Book of Kings in a description of the construction of the great Temple of Solomon in Jerusalem – although it is slightly inaccurately expressed as 3 in this scenario. It is normally written as 3.141592 but actually stretches to an infinite number of decimal places. Pi is a mathematical and universal constant: in any circle, if you divide the circumference by the diameter, you will arrive at pi. This is the same formula as above, but written as

[image: ]

An easy way to remember pi to six decimal places is: “How I wish I could calculate pi.” The number of letters in each word gives you pi.

AWE-INSPIRING ALGEBRA

Algebra is the branch of mathematics that uses letters and other symbols to represent numbers and quantities in formulae and equations. This may seem like making life more difficult than necessary – why use x and y instead of 2 and 3? – but algebra is essential when you don’t know all the values of a calculation or if those values are prone to fluctuation. Equations are everywhere, from the fields of computing, physics and chemistry, to the principles of architecture and engineering and even to methods of philosophical enquiry. As the famous equation maestro Albert Einstein once said: “If a is a success in life, then a = x + y + z. Work is x; y is play; and z is keeping your mouth shut.’

THE MAGIC FORMULA:
FORMULAE AND EQUATIONS

A formula is a mathematical rule expressed in symbols. Formulae can be applied to almost everything, and in recent years, psychologists have apparently even come up with the formula for happiness. Apparently our level of happiness = P + (5E) + (3H), where P is personal characteristics, E is existence (health, financial stability and friendship) and H is Higher Order (self-esteem, ambition, etc.).

Formulae are expressed as equations. An equation is a mathematical statement that contains an equals sign. All formulae are equations, but not all equations are formulae – e.g., 2 + 4 = 6 is an equation but not a formula, but the rule for finding the circumference of a circle, c = 2πr, is a formula expressed as an equation.

In a formula, letters often stand in for unknown values. The arrangement of the formula expresses the relationship between the different values. You can replace the letters with any values you know to work out the other values in the formula.

In order to start fooling around with formulae, you need to embed in your grey matter that:


	if two letters or values are written next to each other, this means that they should be multiplied – i.e., c = 2πr means multiply p by 2 and then by r to get the value of c.


	if a formula contains brackets, this means that the calculation within the brackets should be performed first. For example: c = x(2 + y). To calculate c, add 2 to y and then multiply this answer by x.




The easiest way to remember what order to follow when working out an equation is to use a mnemonic device – if only you could remember it. Well, here it is: BEDMAS.



	B
	Brackets



	E
	Exponents



	D
	Division



	M
	Multiplication



	A
	Addition



	S
	Subtraction




Just follow this and you’ll be fine.

If you know that the formula for working out the circumference of a circle is c = 2πr, and you know that the radius of your circle is 2.5 cm, then you can work out the circumference as c = 2π x 2.5. This means “the circumference is equal to approximately 6.283184 x 2.5.” So, the circumference measures 15.70796 cm. Easy-peasy.

You can also rearrange formulae to work out different unknown values. For example, if you know the circumference but you want to find out the diameter, you would rearrange the formula to be [image: ] with r as the subject of the formula instead of c.

You need to rearrange the formula step by step until you get the value you want to work out by itself on one side of the equals sign. In this case it means getting to the point where you have “= r” by itself. The rule for rearranging formulae like this is that whatever you do to the values on one side of the equals sign you have to do to the other side as well.

So to rework the formula above the steps would be:

[image: ]

Divide both sides by 2π:

[image: ]

There you have it!


EQUALITY COUNTS:
WORKING OUT EQUATIONS

An equation is a mathematical way of stating that two expressions are equal. This is indicated by, obviously, the = sign – e.g., 18 + 7 = 25. In equation problems, a letter is used in place of an unknown value – e.g., 18 + x = 25. If you rework this formula you will find that – 18 from both sides of the formula gives you x = 7. Solving equations is a little like detective work – it’s the art of uncovering missing numbers.


CALCULATING THE AREA
OF RECTANGLES AND TRIANGLES

Areas are expressed in square measurements such as cm2 or m2. The area of a rectangle is equal to the base multiplied by the height.

[image: ]

The area of this rectangle is 72 cm2.

This rule can also be expressed by the mathematical formula A = (bh).

To calculate the area of a right-angled triangle, multiply the base by the height and divide the answer by 2. Remember, a right-angled triangle is half a rectangle (or half a square in the case of an equilateral right-angled triangle).

[image: ]

The area of this triangle is 20 cm2.

This rule can also be expressed as the mathematical formula [image: ]

TACKLING TRIG

Although they look pretty pedestrian, right-angled triangles are so prepossessing that they have their own branch of mathematics: trigonometry (which is named after the ancient Greek words for “three-cornered” and “measure”).

To recap, a right-angled triangle has one angle of 90°. Of course, you’ll remember that the side opposite the right angle is called the hypotenuse. The side adjoining the angle you are investigating is called the adjacent side and the side opposite the angle you are looking at is called the opposite side.

PYTHAGORAS’S THEOREM

Pythagoras (c. 570–490 BCE) was a famous ancient Greek philosopher, mystic, mathematician, scientist and vegetarian. He invented a theorem: a mathematical formula used to calculate the length of any side of a right-angled triangle, as long as the lengths of the other two sides are known.

Pythagoras’s theorem is expressed as:

In any right-angled triangle, the area of the square whose side is the hypotenuse (the side opposite the right angle) is equal to the sum of the areas of the squares whose sides are the two legs (the two sides other than the hypotenuse).

Or, in algebraic terms: a2 + b2 = c2.

[image: ]

So if you have a right-angled triangle with one side of the right angle measuring 10cm and the other side measuring 5cm, this is how you work out the length of the missing side:

Multiply the length of the first side (10 cm) by itself. 102 = 10 x 10 = 100 cm.

Multiply the length of the second side (5 cm) by itself. 52 = 5 x 5 = 25 cm.

Add them together = 125 cm. This is the length of the missing side squared (i.e., multiplied by itself).

So the length of the missing side is the square root of 125 cm.

All calculators have a square-root button √. Key in 125 and press the button and you will get the length of the hypotenuse. In this case, it is 11.18 cm.

If you happen to watch The Wizard of Oz, pay no attention to the Scarecrow’s definition of Pythagoras’s theorem, as it is wrong. He may just have received a brain from the Wizard, but clearly it is not a very good one and he needs to study this section with more diligence.

THE GOLDEN RATIO

A ratio is a way of expressing the relationship between two different amounts. For example, if you have 8 pairs of stilettos and 4 pairs of practical pumps, then the ratio of stilettos to pumps is 2:1; you have 2 pairs of stilettos for every 1 pair of pumps, which isn’t very sensible, but will serve you well at a variety of formal functions.

The golden ratio, also known as the golden section or the divine proportion, is, like p, a very significant number in mathematics as well as in the arts. It is also written 1: f (which is the Greek letter “phi”). f is normally written out in numerals as 1.61803 but actually stretches to an infinite number of decimal places. The mathematical formula for f is:

[image: ]

A golden rectangle is a rectangle in which the ratio of height to width is 1: φ. So if the height is 1 cm, the width needs to be 1.61803 cm to make a golden rectangle. Shapes constructed using the golden ratio are particularly pleasing to the human eye: the length and width of the Mona Lisa’s face fits the golden ratio, for example. The golden ratio also occurs in nature, in the arrangement of leaves and petals, and the structure of shells. Nowadays, you can even get your teeth fixed so that the shape of each tooth adheres to the golden ratio.

MATH HERO: THE FIBONACCI SEQUENCE

The Fibonacci sequence is named after Leonardo Fibonacci (c.1170-c. 1240), a medieval Italian mathematician. It is a series of numbers in which each number is the sum of the two preceding numbers.


1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, etc.



The Fibonacci sequence is special because the ratio of each successive pair of numbers is f. For example, the ratio between 1 and 2 is 1 :2, the ratio between 21 and 34 is 1:1.619, the ratio between 89 and 144 is 1:1.617. The further up the sequence you go the closer you get to an accurate expression of f.

The design of one of the structures of Britain’s top tourist attractions, the Eden Project in Cornwall, is based on the Fibonacci sequence and also features in Dan Brown’s best-selling book The Da Vinci Code.

A PIECE OF THE ACTION: FRACTIONS

Fractions are a way of expressing quantities smaller than whole numbers. The easiest way to think of fractions is to imagine a pie, any kind of pie you like: steak and kidney, or rhubarb and strawberry. As a fraction, a whole pie would be expressed as 1/1. If you take one pie and cut it into two equal pieces, each piece is half of the whole pie. This is expressed as ½. The top number is called the numerator and the bottom number is called the denominator. The numerator tells us how many pieces we have, and the denominator tells us how many times we have split the whole pie. So ¾ means 3 pieces of a pie that has been cut into 4.

[image: ]

You can express the same fractions in different ways: 2/4 is the same as ½. These are known as equivalent fractions. You should always use the simplest form of a fraction. If the numerator and denominator can both be divided by the same number then the fraction can be simplified. Any number that you can divide both sides of the fraction by is called a common factor. Keep going through steps to simplify the fraction until you can’t find any other common factors.

200/800 can be divided by the factor 100 to give 2/8 The 2 and 8 both have a common factor of 2, so both can be divided by 2 to give ¼.

ADDING AND SUBTRACTING FRACTIONS

To add and subtract with different denominators, you first need to make both denominators the same. This is called finding the common denominator. The lowest common denominator is a term most properly used for the lowest common factor of the denominators of several fractions, but the term has also been extended to mean the least fetching common characteristic of a group of people. So if you want to add 3/7 to 4/10, you need to find a denominator that 7 and 10 are both factors of. The easiest way to do this is to multiply the two denominators so, 7 x 10 = 70. You also have to multiply the numerators to match. So to get a denominator of 70, multiply both elements of the first fraction by 10, and both elements of the second fraction by 7.

[image: ]

You can then simplify the answer down to 29/35

Fractions are subtracted using the same method.

MULTIPLYING AND DIVIDING FRACTIONS

To multiply fractions, multiply the numerators with each other and the denominators with each other and then simplify the answer.

[image: ]

If you are multiplying a whole number by a fraction the whole number should be expressed as a fraction as well – e.g., 3 = 3/1. So ¼ × 3 = ¼ × 3/1 = ¾

To divide a fraction you need to find the reciprocal of the divisor. A reciprocal is whatever number you need to multiply a number by to get the answer 1. The reciprocal of 8 is ⅛, and the reciprocal of ⅛ is 8 (i.e., 8/1). To find the reciprocal of a fraction, simply turn it upside down.

To divide a fraction, turn the divisor into its reciprocal and then multiply the first fraction by the reciprocal.

[image: ]

Obviously, 70/70 is one whole, so the answer is I5/70 which simplifies to 11/14


DECIMALS

Decimals are just different ways of expressing fractions. Most of us are familiar with the fact that 0.5 is the same as ½ and 0.25 is the same as ¼. To express a fraction as a decimal, divide the numerator by the denominator. So, ½ = 0.5.


UNDERSTANDING PERCENTAGES

A percentage is a way of expressing a proportion.

1% means 1 unit out of 100 units; this can also be written as a fraction: 1/100. If you have received 100 red roses from Claire’s boyfriend, Stupot, and, in a fit of pique, Claire snatches 25 of your roses and stamps them into the ground, then you have lost 25% of your roses, or 25/100.

To work out percentages, first write the percentage figure as a fraction. To calculate 30% of $80, first express the percentage as a fraction: 30/100 or, simplified, 3/10. Then multiply this by 80 expressed as 80/1. 3/10 × 80/1 = 240/10. This simplifies to 24/1 or 24. So 30% of $80 is $24.

If you are doing this on your calculator, just divide the number you want to find the percentage of by 100. This gives you the value of 1% of that number. Then multiply this by the percentage you want. So, for the above problem you would divide $80 by 100, which tells you that 0.8 (or 80 cents) is 1% of $80. So if you multiply 0.8 by 30 you get the value of 30% : $24.

You may also need to work out the relationship between two quantities as a percentage. So, in an IQ test, if you get 47 answers correct out of 70 questions, what percentage of the questions have you answered correctly? To work this out you should divide 47 by 70 and multiply that answer by 100.

[image: ]

This isn’t a stunning result, but with any luck, by the time you’ve finished this book you’ll be in the top 80%.

MATHEMATICS TEST PAPER


	Mental Math


	a) Chocolate bars are pricier than jelly beans, but cheaper than bubble gum. Which is the cheapest?


	b) Florence has one brother, two sisters, a mother and a father, and two grandfathers. How many are there in the family?


	c) Fifteen crows were in a tree. ⅕ flew away. How many crows remained in the tree?


	d) What is the smallest number that can be divided by 3, 4, 6 and 8 without a remainder?





	A prime number is:


	a) the best number of all


	b) a number greater than 5 that can be divided only by itself


	c) a whole number greater than 1 that can be divided only by itself and 1


	d) a whole number that cannot be divided by itself





	Which of the following is not a prime number?

7, 11, 31, 47, 109, 224, 227, 571, 577, 827, 953


	Calculating Area

Roger and Kumar are having their kitchen redecorated.


	a) They want to know how big their kitchen floor is. If their kitchen is 12 m long and 8 m wide, what is the area of the floor?


	b) Hal needs to cover the baseboards with masking tape before painting the walls and wants to work out how much tape he will need. What is the measurement of the perimeter of the kitchen in metres?


	c) Roger has chosen floor tiles that measure 50 cm2. (The length of each side is 50 cm. This is equal to 0.25 m2 area per tile.) How many tiles does Roger need?





	What is the radius of a circle with an area of 24 cm2? Give your answer to three decimal places.


	Calculate the hypotenuse of a right-angled triangle with one side measuring 8 cm and one side measuring 12 cm.


	The bill at your favourite restaurant comes to $80. There are five of you splitting the bill equally.


	a) What percentage of the bill should you pay?


	b) How much should you pay?





	If you get 7 answers right out of 12 possible correct answers in the Math section of Homework for Grown-ups, then what percentage have you got right?


	How many sides does an icosagon have?


	What is a denominator?


	a) the number you need to multiply a number by to get the answer i


	b) a number that sits at the bottom of a fraction


	c) a number that sits on the top of a fraction





	If Jenny collects 2,234 bonus points on her loyalty card every week, how many will she have after a year of collecting?


	12. If you have 378 guests coming to your daughter’s wedding and 42 tables to seat them at, how many people will be seated at each table?


	What is an integer?


	a) a clever mammal


	b) a helpful person


	c) a whole number


	d) a whole apple





	You have afternoon tea with three of your friends. Two of you eat four scones each, one of you eats one scone and your greediest friend eats five. What is the mean number of scones that has been eaten?


	What is – 27 multiplied by – 6?


	What number can be written as 62?


	What is the square root of 4356?


	What is a rhombus?


	a) a type of Thai elephant


	b) a parallelogram with oblique angles and equal sides


	c) a quadrilateral with only one pair of parallel sides


	d) a person of great standing in the mathematical community





	19. Label the parts of the following diagram:


	Work out the following formula:

[image: ]



	What are the two square roots of 144?


	If you multiply a negative number by another negative number, will your answer be positive or negative?


	What is a radius?


	What is special about these numbers? 1, 1, 2, 3, 5, 8, 13, 21, 34, 55.


	What is 0.75 expressed as a fraction?

MENTAL ARITHMETIC – CALCULATORS MAY NOT BE USED


	In a flower bed, there were more pink flowers than yellow ones, but fewer pink ones than red ones: what colour were most of the flowers?


	If Spike takes 40 steps to walk to the end of the playground, how many steps does he take to walk up and down the playground 6.5 times?


	A painter was asked to paint the numbers on the doors of a block of 50 houses. How many zeros did he have to paint, how many ones and how many fives?


	If the third day of January were a Tuesday, which day would the last day of January be?


	A train arrived at Union Station at 4.05 pm. It was seven minutes late. What was the scheduled time of arrival?


	What is two-twentieths of an hour?


	There are 360° in a circle. Through how many degrees does the hour hand of a clock move between I am and 4 am?


	What is 827 hours expressed as days and hours?


	A group of Girl Guides do a sponsored walk:


	a) Florence is sponsored $3.45 for each lap completed. She does 23 laps. How much does she raise?


	b) Megan aims to raise $50. She is sponsored $3.25 for each lap. What is the smallest number of laps she must complete to reach her target amount for charity?










HOMEWORK FOR GROWN-UPS

ANSWERS

MATHEMATICS


	

	a) jelly beans


	b) 8


	c) 12


	d) 24





	c)


	224


	

	a) To calculate area of a rectangle you multiply the length by the width. Roger and Hal’s kitchen floor area is 96 m2.


	b) The perimeter is the outside of a shape. The perimeter of a rectangle is the length x 2 + the width x 2. The perimeter of their kitchen measures 40 metres.


	c) Each tile is 0.25 m2 and you have 96 m2 area to cover. 96 x 4 = 384. Roger needs 384 tiles.





	2.76 cm


	14.42


	

	a) You owe 1/5 of the bill of $80. To express this as a percentage value you need to divide 100 by 5. This shows that you owe 20% of the bill.


	b) To calculate 20% of $80 you need to divide $80 by 100. This gives you $0.80, which is 1% of the bill. Multiply this by 20 and you get your share, which is $16.





	To work out your percentage you need to divide 7 by 12 and multiply the result by 100. This shows that you have achieved 58%.


	20


	b)


	116, 168


	9


	c)


	3.5


	162


	36


	66


	b)


	[image: ]

	a) right angle


	b) hypotenuse


	c) acute angle





	80


	12 and – 12


	positive


	the distance from the centre of a circle to its edge


	These numbers are the first in the Fibonacci sequence. Each number is the sum of the two previous numbers. This sequence is special because the ratio of each successive pair of numbers is roughly f. The further up the sequence you go, the closer you get to an accurate expression of f.


	¾


	red


	260 steps


	5 zeros, 15 ones, 6 fives


	Tuesday


	3.58 p.m.


	6 minutes


	90 degrees


	34 days, 11 hours


	

	a) $79. 35


	b) 16 laps
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Meat Oven
temperature
for first 15
minutes of
cooking

Chicken 400°F

Lamb  485°F

Beef  485°F

Pork  400°F

Oven
temperature
for rest of
cooking
time

400°F

400°F

350°F

250°F

Minutes per
500 g of meat

20 minutes + an extra 30
minutes added to the total
cooking time. To check the
chicken is done, stick a
skewer close to the leg and
check the juices run clear,
with no biood.

12 minutes for rare meat or
20 minutes for well done

15 minutes for rare,
25 minutes for well done

30 minutes
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Emperor

Highlights of Reign

Vespasian (979 CE)

Was a relatively decent ruler keen on
imposing taxes. Died of diarrhoea.

Titus (39-81 cp)

Surrounded himself with catamies. Put
on a show at the amphitheatre involving
5,000 wild beasts.

Domitian (51-96 cB)

Titus’s younger brother, he gained the
throne after allowing Titus to dic of an
unattended fever. Liked impaling flies on
pins. Was sensitive about his baldness.
Personally depilated his concubines. Was
murdered by his friends with the
collusion of his wife.
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Saint’s Day Name Patron Saint of:
March St David doves, Wales

17 March St Pacrick engineers, Treland

23 April St George, England, horses, lepers,
saddle-makers, shepherds,
skin discases, soldiers

o May ermadine of Siens | adverting, gmbling addict Tungs,
public rlations personnel

T Jane T Erasmus Stomach ache, childbirch,
explosives workers, sailors,
seasickness

T3 June St Anthony of Padus | amputces, domestic animals,
elderly people,lost objects,
pregnant women, swincherds

0 June SCPecer bakers, butchers, fishermen,
locksmiths,shipbuilders,
shoemakers, stonemasons,
warchmakers

=5 Jaly St Christopher bachelors, bookbinders, bus
drivers, epileptics, gardeners,
ravelers

TS Augut St Helena archacologist, dificalc
marriages, divorced people,
empresses

27 Augost SCMonica alcoholics, diappoimting.
children, housewives, victims
of adultery, widows

26 September | St Jean de Brébeuf | Canada

4 October St Francis of Assisi | animals, birds, acemakers,
apestry workers. zo0s

28 October StJude lost causes hospital workers

22 November | St Cecilia martyrs, musicians, poets

30 November | St Andrew fishmongers, Scotland, singers,

sore throats, spinsters

G December

St Nicholas of Myra

rewers, judges, murderers,
newly-weds, pawnbrokers,
pharmacists, prisoners,
schoolchildren, shoe shiners,
thieves
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Volcano type

Volcano shape

Enption type

Scoria or cinder — Strombolian
cone
straight sides with steep
slopes; large summit crater
Shield volcano / vr\ Hawaiian
very gende slopes
Stratovolcano or Plinian

composite volcano

gentle lower slopes, but
small

steep upper slope:
summit crater
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Emperor

Highlights of Reign

Caligula (12-41 c8)

Slept with all of his sisters.Tricd to
make his horse Incitatus a consul. Was
ominously spattered with blood from
a sacrifical flumingo before being
assassinated on his way to dinner

Claudius (10 BCE54 CE)

Had a stuter. Enjoyed his food and a
drink. Loved gambling so much he
had his chariot adapted so he could
play while on the move. Was probably
poisoned by mushrooms given to
him by his wife.

Nero (37-68 c5)

Toved horses, baths and poctry — sang
a poem about Troy while watching the
great fire of Rome. Married a cunuch and
raped aVestal Virgin. Kicked his pregnant
wife, Poppaea, to death for complaining
about him being late. Committed suicide
after the senate turned against hin.

Galba (3 BeE=69 ce)

Was bald with blue eyes. Had a penchant for
old catamites. Ruled for only seven months
Was killed by soldiers loyal to Otho.

Otho (32-69 ck)

Was bandy-legged, somewhat bald first
husband of Nero’s doomed wife, Poppaca.
Ruled for only three months. Stabbed
himself in the chest after losing a decisive.
batde to Vitellius.

Vitellius (1569 CE)

Was an extremely tall and greedy general
who managed to hold on to the title of
emperor for eight months. After much of
the army decided to support Vespasian a5
emperor instead, Vitellius was dragged half-
naked out of hiding and assassinated and his
body was thrown into the Tiber.
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Greek
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Name of
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English
pronunciation
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OEXe <4

at end of words)
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0
9
x
v
o
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et
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mu

nu

xi
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tau
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chi

psi
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slips
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1 4 ALV 27 AXVIL 150 C
1 15 XV 28 XXVII 200 CC

i 16 XVI 29 XXIX 300 CCC
v 17 XV 30 XXX 400 CD
v 8 XVII 31 XXXI 500 D
VI 19 XIX 40 XL 600 DC
i 20 XX 50 L 700 DCC
i 21 XXI 60 LX 800 DCCC
X 22 XXII 70 LXX 900 CM
X 23 XXII 80 LXXX 1000 M
X1 24 XXIV 90 XC 1600 MDC
It 25 XXV 100 C 1700 MDCC
XIIT 26 XXVI 101 1900 MCM
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