Naming is Power
IMP12
Naming
To name is to have power over. Who does the naming? Who has the power?
Naming
How many different specific (not general) mathematical objects which we name because we cannot otherwise access them or refer to them?
Examples to start with: numerals 1 through 9 (all numerals?), 0, √2, …
For each one you find, write down the properties that the ‘name’ has that define its meaning.
Tracking Arithmetic
Grid Products
	Write down four numbers in a 2 by 2 grid. 
Calculate the product along each row and then sum, and the product down each column and then sum. Now take the difference between your two answers.  
For example, in the grid shown, 4 x 7 + 5 x 3 = 43; 4 x 5 + 7 x 3 = 41; 43 – 41 = 2.
Construct a grid for which the answer is 6. In how many different ways can you do this?
[bookmark: _GoBack]Is there any analogous ‘task’ using more numbers? (JohnM has not as yet found any!)
Comment
Often it helps to detect structure by refusing to carry out arithmetic involving specific numbers (that might for example be changed in a different situation). Here all four numbers are subject to change, so don’t do any actual arithmetical calculations!
Other examples: 
Think Of A Number ‘games’ where the person’s number is available to change but the others are fixed for that ‘game’.
Word problems in which it is possible to check whether a specific number (which is liable to change) is ‘the answer’.
What other contexts might tracking arithmetic provide access to algebraic thinking?
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Arithmetic means dealing logically with facts which we know (about questions of number). "Logically"; that is to say, in accordance with the "Logos') or hidden wisdom, i.e., the Laws of normal action of the human mind. 
For instance, you are asked what will have to be paid for six pounds of sugar at 3d. a pound. You multiply the six by the three. That is not because of any property of sugar, or of the copper of which the pennies are made. You would have done the same if the thing bought had been starch or apples. You would have done just the same if the material had been tea at 3s. a pound. Moreover, you would have done just the same kind of action if you had been asked the price of seven pounds of tea at 2s. a pound. You do what you do under direction of the Logos or hidden wisdom. And this law of the Logos is made not by any King or Parliament, but by whoever or whatever created the human mind. . . . .    When people had only arithmetic and not algebra, they found out a surprising amount of things about numbers and quantities
But there remained problems which they very much needed to solve and could not. They had to guess the answer; and, of course, they usually guessed wrong. And I am inclined to think they disagreed. Each person, of course, thought his own guess was nearest  to the truth. Probably they quarrelled, and got nervous and over- strained and miserable, and said things which hurt the feelings of their friends, and which saw they afterwards they had better not have said – things which threw no light on the problem, and only upset everybody's mind more than ever. I was not there, so I cannot tell you exactly what happened; but quarrelling and disagreeing and nerve-strain always do go on in such cases
At last (at least I should suppose this is what some happened) some man, or perhaps some woman, suddenly said: "How stupid we’ve all been! We have been dealing logically with all the facts we knew about this problem, except the most important fact of all, the fact of our own ignorance. Let us include that among the facts we have to be logical about, and see where we get to then. In this problem besides the numbers which we do know, there is one which we do not know, and which we want to know. Instead of guessing whether we are to call it nine, or seven, or a hundred and twenty, or a thousand and fifty, let us agree to call it x, and let us always remember that x stands for the Unknown. Let us write x in among all our other numbers, and deal logically with it according to exactly the same laws as we deal with six, or nine, or a hundred, or a thousand." As soon as this method was adopted, many difficulties which had been puzzling everybody fell to pieces like a Rupert's drop when you nip its tail, or disappeared like bats when the sun rises
Nobody knew where they had gone to, and I should think that nobody cared. The main fact was that they were no longer there to puzzle people. (l23l)    This is only part of the essence of Algebra, which, as I told you consists in preserving a constant, reverent, and conscientious awareness of our own ignorance. (1235)   Always remember that the use of algebra is to free people from bondage. For instance in the case of number: Children do their numeration, their “carrying”, in tens, because primitive man had nothing to do sums with but his ten fingers
Many children grow superstitious, and think that you cannot carry except in tens; or that it is wrong to carry in anything but tens. The use of algebra is to free them from bondage to all this superstitious nonsense, and help them to see that the numbers would come just as right if we carried in eights or twelves or twenties. It is a little difficult to do this at first, because we are not accustomed to it; but algebra helps to get over our stiffness and set habits and to do numeration on any basis that suits the matter we are dealing with. (l239)    The essential element of Algebra: the habitual registration of the exact limits of one's knowledge, the incessant calling into consciousness of the fact of one's own ignorance, is the element which Boole’s would-be interpreters have left out of his method. It is also the element which modern Theosophy omits in its interpretation of ancient Oriental Mind Science
Men who wish to exploit other men fear nothing in logic or science except this element. They fear nothing in earth, heaven, or hell, so much as a public accustomed to realise exactly how much has been proved, and where its own ignorance begins. Exploiters fear this about equally, whether they call themselves  priests, schoolmasters, college dons, political leaders, or organisers of syndicates and trusts. (126l) 

Finite Fields
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Let x be a root of x3 + x + 1. All arithmetic is to be performed using coefficients modulo 2, so 0 and 1. Notice that x is not even given a special ‘name’, simply a property.
Polynomial Modular Arithmetic
Assuming that x is a root of x3 + x + 1 show that each of the monomials GF8 = {xk: k = 0 … 7} is equivalent to a polynomial of degree at most 2. Hence show that GF8 is closed under adding, subtracting, multiplying and dividing (except by 0).
Comment
One way to describe GF8 is as GF2 [x] (polynomials in x with arithmetic modulo 2) modulo or quotiented by x2 + x + 1.
What happens if you quotient by x3 + x2 + 1?
Gamma Function
In order to extend the notion of n! = n x (n – 1) x … x 1 to rational or even real values, it is necessary to locate some mathematical object that meets the requirements. The gamma function is ‘the answer’.
Gamma & Factorial
Real numbers
[image: ]       [image: ]
Complex numbers
[image: ]      [image: ]            
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