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WHY MATHS?


Everybody moans at the very mention of “maths”. People think that the world is divided into two kinds of folks. The “brainy” lot who understand mathematics but are not the kind of people one wants to meet at parties...
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...and the rest of us!


Just keep your eyes open for any mathematicians O.K.?





But all of us need to understand maths to some extent. Without mathematics, life would be inconceivable.
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We need maths when we go shopping, check our bills, manage household finances...


...and run our businesses.
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We need maths to build our houses...
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...insure our cars, do our banking.


We need maths to make maps so we can find our way around cities...


...travel around the world, even go out into space!
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Thus, mathematics is the engine that runs our industrial civilization.


It is the language of science, technology and engineering.


It is essential for architecture and design as well as economics and medicine.


Even art relies on mathematics to some extent.





Indeed, mathematics has become a guide to the world in which we live, the world which we shape and change, and of which we are a part. And as the world becomes more and more complex, and uncertainties in our environment become more urgent and threatening, we need mathematics to describe the risks we face and to plan our remedies.


The ability to deal with mathematics does require a special talent and skill – like any other field of human endeavour, such as dancing. Just as an accomplished ballet performance is sophisticated and exquisite, so is mathematics in its essence very elegant and beautiful.


But even though most of us cannot become fully-fledged ballet performers, all of us know what it is to dance and virtually all of us can dance. Similarly, all of us should know what mathematics is about, and be able to understand and handle certain basic steps.
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Fear of maths is like of dancing.


Both are overcome by a little bit of practice.
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Music is the pleasure the human soul experiences from counting without being aware that it is counting.






COUNTING
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To some extent, young beginners at mathematics retrace the steps of humanity in the development of mathematical knowledge.





At school, children learn to count, to calculate, and to measure. Once they have been learned, these techniques may seem “elementary”. But for the learners they are full of mystery.


The naming of numbers becomes an incantation, especially when we get to the bigger ones. Counting to a hundred becomes tedious, but getting to a thousand is like climbing a mountain! What is the last number, the biggest one of all?
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If there isn’t such a thing, then what is there at the end?





How do we name the numbers, as we call them out one after another? Perhaps just a few numbers are enough. Some animals can recognize different collections up to five or seven – beyond that it’s just “many”. But if we know that numbers go on continuously, we can’t just keep inventing new names indefinitely as we go along.


The language of the Dakota Indians was not written down.
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So we counted the years and marked special events in our history by keeping a winter count like this one.





It is made of cloth and the pictographs are drawn in black ink. Each year a new pictograph was added to show the main event of the past year.


The best way to systematize naming and counting is to have a “base”, a number that marks the beginning of counting again. The simplest base is just two. For example, the Gumulgal, an Australian indigenous people, counted like this:


1 = urapon


2 = ukasar


3 = urapon-ukasar


4 = ukasar-ukasar


5 = ukasar-ukasar-urapon
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This may seem primitive and tedious.


But the base two, in the form of 0’s and 1’s ...


...is built into digital computers as the foundation of all their calculations.
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The fingers of the hands are useful for defining bases. Some systems use five, more common is ten. But many other bases can be used. The old British currency had several: twelve (pence per shilling) and then twenty (shillings per pound) and even twenty-one (shillings per guinea!). Shop assistants needed to keep reckoning books by their sides. And when people bought in instalments, they might be told that their living-room suite cost 155 guineas, or 104 weekly payments of one pound, fifteen shillings and sevenpence-halfpenny.
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Who could calculate the interest on that?


Small wonder that instalment payments were called the “never-never” –


–you never finish paying!





The base twenty (fingers and toes?) is also common. The Yoruba used this, employing subtraction for the larger numbers within the base. They had different names for the numbers one (okan) to ten (eewa). From eleven to fourteen, they simply added. So eleven became “one more than ten”, and fourteen “four more than ten”. But from fifteen onwards they subtracted. So fifteen became “twenty less five” and nineteen became “twenty less one”. The base twenty still survives in French, where eighty is “four-twenties”, and ninety-nine is “four-twenties-nineteen”.
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Those who deal with computers use bases built on two.





So no single base is “best”. We can think of a number system as designed with different attributes: easy to remember, convenient in naming, useful for calculating, etc.
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Once the grouping, or base, for a number system had been developed, it allowed the four basic functions of arithmetic...


...to be developed easily.






WRITTEN NUMBERS
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It is possible to count effectively in a culture with no writing. But calculating then requires much memory and special skills. As writing spread among civilizations, different systems, some quite sophisticated, emerged.
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The Aztecs used a system based on 20, with four basic symbols.


1 was represented with a blob designating a maize-seed pod. [image: image]


20 was represented with a flag. [image: image]


400 was designated by a maize plant. [image: image]


8000 was symbolized by a maize dolly. [image: image]


These symbols could be used to represent all kinds of numbers. For example, the number 9287 was represented as:
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The Mayans’ numbering system had only three symbols:




[image: image]


...a large dot • was one,


...a bar____was fine,


...and a snail’s shell was zero.
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The Ancient Egyptians (c. 4000–3000 BC) used a pictorial script (hieroglyph) to write down their numbers.
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The pictograms, starting with one, increased by ten times, eventually reaching ten million.
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The Babylonians (c. 2000 BC) used a system based on 60 and its multiples, with the following symbols:
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Later, they evolved a system based on only two values:
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So, 95 would be written as
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You know I’ve lost count of the number of my wives...


Yes... As a Babylonian, I was able to spend nearly a whole extra hour in bed this morning...


I’ll go to the foot of our stairs!





The Babylonian sexagesimal system has survived to this day. Circles have 360 degrees. Hours have sixty minutes. Minutes have sixty seconds.


The Ancient Chinese (c. 1400–1100 BC) used a base 10 system of numbers with symbols for one to ten, a hundred, a thousand and ten thousand. Later, around the 3rd century BC, the Chinese developed a form of numerals using straight lines (or rods),
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So! It’s a typical Oriental stereotype.





The Chinese made the great invention that put written symbols in a different world from the spoken names of numbers. This was a system of “place-value”. The meaning of a number, as an expression of quantity, depended on its place in the string of numbers. Thus “2” could mean two, twenty, or two hundred, depending on its location. This made it unnecessary to name the higher bases – in “234” we know that the 2 means 200.
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Elementary, my dear Watson. The number 2.689 is shown here with each figure proportionately-sized to show the quantity it represents! Hence the “value” of “place”...


The figure “9” is so small I’m needed to make it readable!





The Indians developed three distinct types of number systems.


The Kharosthi (c. 400–200 BC) used symbols for ten and twenty, and numbers up to one hundred were built up by addition.


The Brahmi (c. 300 BC) used separate symbols for the digits one, four, to nine and ten, a hundred, a thousand and so on.


The Gwalior (c. 850 AD) had symbols for numbers one to nine as well as for zero.
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Think of a number... Ok., now double it... treble it... quadrupeddle it...





The Indians were very comfortable with high numbers. The classical Hindu texts give names to numbers as large as 1,000,000,000,000 (parardha)!
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The Ancient Greeks (c. 900 BC-200 AD) had two parallel systems. The first was based on the initial letters of the names of the 17 numbers. So, five was symbolized by the letter pi, ten by the letter delta, one hundred by the antique form of letter H, and so on. The second system, which emerged around the 3rd century BC, used all the letters of the Greek alphabets and three from the Phoenician alphabet, making a total of twenty-seven numerical symbols. The first nine letters of the alphabet signified the numbers 1 to 9; the second nine letters were used for tens from 10 to 90; and the last nine letters described the hundreds from 100 to 900.
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We Greeks fought shy of large numbers, and our terminology hardly took us beyond the “myriad” (10.000).
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The Roman system (400 BC-600 AD) had a total of seven symbols: I for 1, V for 5, X for 10, L for 50, C for 100, D for 500 and M for 1000.


The numbers are written from left to right with the largest quantities placed at the left and added together to obtain the designated number.


So, LX is 60.


For convenience, a smaller quantity on the left was interpreted as a subtraction. So, MCM means 1900.


The Roman numerals, still used today for ornament, were not suitable for doing rapid calculations.
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Oi! Clock-face!





The use of the alphabet for numbers enabled the rise of a highly developed art of divination called “gematria”. Given any word, or particularly a name, one would rearrange the letters to form a number and then scrutinize that for its quality and meaning. Anyone whose name yielded 666 (the Biblical “number of the beast”) was obviously a Bad Thing!
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Only with me, Descartes, and my successors in Europe did mathematics become completely “disenchanted”, at least for the educated elite.


Now stop all this nonsense, or I’ll put a curse on you.
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Bad news, good young sirrah! Your name has the number “Spawn Of Satan”.


I have the remedy here in my hand, my lady.
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It was said that in World War II, resistance against me among some fundamentalist Christians was strengthened by the discovery that I was a 666 type.


Are you looking at my pint?





The Muslim civilization (650 AD-present) developed two sets of numerals. The sets were similar, but one was used in the eastern part of the Muslim world (Arabia and Persia), while the other was common in the western part (the Maghrib and Muslim Spain). Both contained ten symbols from zero to nine.


Eastern set: [image: image]


Western set: 1 2 3 4 5 6 7 8 9 0


The eastern set is still used throughout the Arab world. The western set is what we now know as “Arabic numerals” – the system we all use today.
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The next bus is a 971, I think.


But surely, it’s a 250, is it not?


Don’t ask me, I don’t do all this new-fangled Western stuff.






THE ZERO



The Zero is a relatively late invention (about 6th century AD), and it seems to have been a joint product of the Chinese and Hindu civilizations. The Chinese needed some such thing for their place-value notation – how would they represent the missing place for the number “two hundred and five”? Just 25 is wrong, so they had something to “fill” the empty place, as 2–5. But the full meaning of zero was developed in the Indian civilization, where philosophical speculation on The Void was highly developed.
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The answer’s a big nothing.





That sort of cultural background was very necessary for the invention, for the Zero is very peculiar. In some ways it behaves like other numbers, for we can add with it.
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But then multiplying zero times anything gives zero. It is possible to make paradoxes by using an equation like 2 x 0 = 4 x 0, and then cancelling the zero to get 2 = 4.


And what do we get...


...when we divide anything by zero?


Infinity!





While zero is essential for calculation, it is excluded from counting. The first in a row of things is not the “zero-th”. This paradox shows up in the calendar: the 1900s are the 20th century, since there was no zero-th century at the start of the Western calendar A.D.


Also, zero has two meanings, as we see from “the fossils joke”. A museum guide talks to a school party:
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This fossil bone is sixty-five million and four years old.


How do you know so exactly?


Well, when I came to this job I was told that it was 65,000,000 years old... and that was four years ago.
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