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היסטוריה של מתמטיקה
Questions on writing histories of mathematics.

From Anglin, W.H. (1997) The Philosophy of Mathematics, The Edwin Mellen Press, Lewinston, pp. 131-149

1. Should the historian write as though mathematics is always a Good Thing?

2. Should a history of mathematics revolve around individuals and their private lives?

3. Should a history of mathematics be organized in terms of nations or races?

4. How should historians tackle the scarcity of women in mathematics?

5. How should historians be fair to minorities?

6. How charitable should historians be?

7. Should the history of mathematics de divided into chronological periods?

8. How should historians date mathematical discoveries?

9. Should historians ignore calculating devices?

10. Should historians include astronomy with mathematics?

11. Should historians portray mathematics as transcendent (and mathematicians as otherworldly mystics)?

12. Should historians idolize rigor?

13. How should the historian handle details?

14. Should historians report on mere fantasy creations?

15. Is the history of mathematics an epic or comedy?

16. Should a historian of mathematics write about sex?

17. Is the history of mathematics a war against religion?

18. What is good way to write a history of mathematics?

History of mathematics is not just a jumble of stories picked on the basis of incidental availability. One would not say that Feb 9 1904 was an especially important date in the world history just because he found that issue of New York Times at one’s grandmother’s attic. The key step in presenting a history of mathematics as a history of any subject of some importance and complexity is the decision on the criteria of choice of relevant facts out of virtually infinite heap of various pieces of information that may appear under this title. Since there is no absolute criteria there cannot be the history of mathematics, just a history. This fact is clearly brought home by the titles of most popular books on the subject. And this is in a conspicuous difference from the treatises on mathematical philosophy which a typically titled “The philosophy of mathematics”. 

 “History of mathematics is the history of the human endeavor for shaping a new type of certitude dealing with explicitly postulated entities governed by explicitly, formally-stated rules.” (Fischbein, E. (1987) Intuition in science and mathematics, D.Reidel Publishing Company, Dordrecht, Holland. P.16)

History or Heritage?

 An Important distinction in Mathematics and for Mathematics Education

Ivor Grattan-Guiness (2004), AMM, 111(1),1-12

Two approaches:

1. History - an attempt to reconstruct development of a piece of mathematics at a specific period in the past.

2. Heritage - the effect of a piece of mathematics upon later work.

Both approaches are legitimate but they should not be muddled together.

Example. Pythagoras's  Theorem
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	For us it says 

AB2+AC2=BC2  ( a2+b2=c2

Euclid (I.47) states:

In right-angled triangles the square on the side subtending the right angle is equal to squares on the sides containing the right angle.

Differences:

1. an algebraic versus a constructural statement.

2. squares are outside the triangle, it does not follow from the algebraic formula.


Euclid refers to squares built on the sides of the triangle, while a formula talks about algebraic operation on the value of the sides' lengths.

Euclid never multiplies geometric magnitudes together!

Euclid never works with lengths but with lines. The only use Euclid makes of measures in his geometry is concerning ratio (e.g. "this line is twice that line" or a ration of two lines is the same as 5:7).

Euclid talks about planar regions, solids, angles but not about (measured) areas, volumes, degrees.

By contrast, in his arithmetical books multiplication of integers occurs as usual.

	To show the difference consider the following diagram.

It shows that the region composed from the square constructed on the hypotenuse (יתר) plus 4 triangles is equal to the square constructed on a line composed of the two legs (ניצב).

From our point of view it states

(a+b)2=c2+2ab ( a2+b2=c2
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But from the geometrical point of view it is a different statement.

On the other hand (heritage), Elements played an important role in development of algebra in the Middle Ages.

On can talk about history of heritages. For example, algebraic interpretation of the Pythagoras's theorem is a part of the history of Descartes and heritage of Euclid. It is also heritage from Viete whose work belongs to history of Descartes.

For history it is very important (and an open question) what was the motivation behind the Greek geometry. It is of minor importance for heritage.

Importance of a concept changes along history and these changes is an important topic of study, from the heritage point of view only contemporary importance is considered.

Before we consider general patterns of concept changes let us an example.

Example of a wrong interpretation

Seidenberg, A. (1962) Ritual origin of geometry, Archive of exact sciences, 1, 488-527 , p.512

To determine the area of a circle the Egyptians square 8/9 of the diameter. One can seemingly conclude that in the procedure to find the area of a circle the Egyptians took 
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. And the area of a circle S=(1d2/4, where d is the diameter.

במלכים א' פרק ז' כ"ג כתוב:

ויעש את הים מוצק עשר באמה משפתו עד שפתו עגול סביב וחמש באמה קומתו וקו שלושים באמה יסוב אותו סביב.

One can summarize that the Hebrews took (=3, and that the Egyptians had a better approximation of (. However, the Hebrews used it in the context of the circumferences, i.e. C=(2d. It is not obvious from here that the Egyptians new that (1=(2 (however, it follows from another problem they solved). 

Criteria of importance of a mathematical development

Corfield, D. (2003) Towards a Philosophy of Real Mathematics, Cambridge University Press, Cambridge. p.205

1. When a development allows new calculations to be performed in an existing problem domain, possibly leading to the solution of old conjectures.

2. When a development forges a connection between already existing domains, allowing the transfer of results and techniques between them.

3. When a development provides a new way of organizing results within existing domains, leading perhaps to a clarification or even a redrafting of domain boundaries.

4. When a development opens up the prospect of new conceptually motivated domains.

5. When a development reasonably directly leads to successful applications outside mathematics.

Note that importance is totally associated with a possibility of new results or applications. Point 3 usually stresses new organization which includes redrafting boundaries of different domains. New views on existing results even those providing a new foundation (e.g. Robinsin’s Non-standard Analysis) are not considered as important.

How mathematics develops

“Throughout its historical development, mathematics has oscillated between studying its assumptions and studying the objects about which those assumptions were made. After the introduction of new mathematical objects, it often happened that the assumptions underlying them remained unspecified for a considerable time; only through extensive use did such assumptions become sufficiently clear to receive an explicit formulation.” Moore, G.H., (1982) Zermelo’s Axiom of Choice, its origins, development and influence, Springer Verlag, New York, p.5.
The following assumptions concerning history of mathematics are widely accepted 

Michael Crowe (1992), Afterword (1992): a revolution in the historiography of  mathematics,  Gillies, D. (ed) Revolutions in Mathematics, Clanderon Press, Oxford,  306-316
1. Since mathematics has a deductive structure, study of history of mathematics reduces to study of deductive chains. The only exception is an appearance of new system of axioms.

2. Since mathematics is purely rational, the only criterion for judging new mathematical entities is whether they follow deductively from prior premises. 

3.  Mathematical knowledge is cumulative, since new theories do not discard previous.

4. Mathematics is metaphysics-free.

5. Mathematics is time-independent, theorem once proved remains true for all time.

6. As a corollary to these assumptions Crowe accepted that there are no revolutions in mathematics. (p.308)

Then Crowe suggested counter-examples:

Assumption 1: imaginary numbers were accepted for different mathematicians for various reasons (practicability in calculations, good geometric interpretation, interesting algebraic structure) which has nothing to do with deduction.

Assumption 2: acceptance of work by Hamilton (on quaternions) and rejection of similar work by Grassmann was connected with Hamilton's fame versus Grassmann obscurity and not with the quality of their work. Non-Euclidean geometry developers had similar fate.

Assumption 3: many seemingly important results become obscure and forgotten (like quaternions). However, they are not discarded like in natural sciences.

Assumption 4: creators of new mathematics are frequently driven by metaphysical considerations.

Assumption 5: criteria of rigor change with time. 

So Crowe formulated

Ten ‘laws’ concerning patterns of change in history of mathematics

Historia Mathematica (1975),2,161-166. Reprinted: Gillies, D. (ed) Revolutions in Mathematics, Clanderon Press, Oxford, 1992, 15-20.

1. New mathematical concepts frequently come forth not at the bidding, but against the efforts of the mathematicians who create them.

e.g. Attempts to prove that no geometry but Euclid’s is possible resulted in non-Euclidean system; Hamilton attempts to create 3-dimentional algebra led him to quaternions.

2. Many new mathematical concepts, meet forceful resistance.

e.g. incommensurable segments in Pythagorean mathematics; square roots of negative numbers in 16-19th centuries.

3. Although demands of logic, consistency and rigour urged rejection of some concepts, their usefulness forced mathematicians to accept and to tolerate them, even in the face of strong discomfort.

e.g. imaginary numbers; summation of infinite series; non-constructive methods of modern mathematics.

4. The rigour that permeates the textbook presentations of many areas of mathematics was frequently a late acquisition and forced upon rather than actively sought by the pioneers of these fields.

e.g. rigour in analysis was in large measure the result of bothersome questions raised by impatient students, critique by opposition, etc.

5. The ‘knowledge’ possessed by mathematicians concerning mathematics is multilayered. A ‘metaphysics’ (or intuitive knowledge) of mathematics frequently invisible to the mathematician yet expressed in his writings and teaching. It can be uncovered in historical research or becomes apparent in mathematical controversy.

e.g. relation of mathematicians to imaginary numbers.

6. The fame of the creator of a new mathematical concept has a powerful, almost a controlling, role in the acceptance of that mathematical concept, at least if the new concept breaks with tradition.

e.g. publications of Lobachevsky and Bolyai remained unnoticed until some posthumously published letters of Gauss led mathematicians to take interest in non-Euclidean geometry.

7. New mathematical creations frequently arise within certain context in the mind of the creator. 

Many mathematicians, e.g. Hamilton or Boole arrived to their results from some philosophical considerations. This context impede or even prohibit the acceptance of the creations until they are removed from the wrappings by the mathematical community.

8. Multiple independent discoveries of mathematical concepts are the rule, not the exception.

e.g. complex numbers, non-Euclidean geometry.

9. Mathematicians have always possessed a vast repertoire of techniques for dissolving or avoiding the problems produced by apparent logical contradictions, and thereby preventing crises in mathematics.

e.g. ‘monster-barring’ strange geometrical structures or irrational magnitudes.

10. Revolutions never occur in mathematics

It is because new knowledge never discards previous one but adds to it. 

Dauben argues for revolutions in mathematics. “Revolution commonly came to imply a radical change or departure from traditional or acceptable modes of thought. Revolutions, then, may be visualized as a series of discontinuities of such magnitudes as to constitute definite breaks with the past. After such episodes one might say that there is no returning to an older order.” (p.51.) 

Dauben, J. (1984) Conceptual Revolutions and the History of Mathematics, in E.Mendelsohn (ed.) Transformations and Tradition in the Sciences, Essays in honor of I.Bernard Cohen, Cambridge University Press, Cambridge; Reprinted: Gillies, D. (ed) Revolutions in Mathematics, Clanderon Press, Oxford, 1992, 49-71.
By revolution Dauben means relegating old theory to a significantly lesser position (similarly to the British revolution) while Crowe means discarding previous theory (like the Russian revolution). 

Dauben lists following revolutions in mathematics (3 and 5 added in Appendix (1992): Revolutions Revisited in Gillies, D. (ed) Revolutions in Mathematics, Clanderon Press, Oxford, 1992, 72-82.)

1. The Pythagorean discovery of incommensurable magnitudes.

2. Invention of infinitesimal analysis by Newton and Leibniz and publication by L’Hopital his book on the subject in 1696.

3. Cauchy’s revolution of rigour. 

4. Cantor’s theory of transfinite numbers.

5. Creation of non-standard analysis by Abraham Robinson.

I think that most important revolution in modern mathematics is introduction of algebraic symbolism. Without it no other development were possible.

PAGE  
6

_1142338236.bin

_1143042822.unknown

_1142333224.bin

