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Dear HM listmembers:

Has anyone else read O.A.W. Dilke's book READING THE PAST: Mathematics

and Measurement (U. of Calif. Press/British Museum, 1987)? Within its

pages are nuggets of vital information covering the Ancient Near East.

Egyptian, Babylonian, Greek and Roman math are mostly covered in a fair

manner, per the following Table of Contents:

1. The Background

2. Numbering by Letters

3. Mathematical Education in the Greek World

4. Measurement
5. Mathematics for the Surveyor and Architect

6. Mapping and the Concept of Sclae

7. Telling Time

8. Calculations for Trade and Commerce

9. Mathematics in Leisure Pursuits and the Occult

10. The Sequel

Dilke's book is condensed, being only 61 pages long. Due to the format,

minor errors crept in for several reasons. One reason is the lack of

available artifacts to prove specific points. For example, page 42, while

discussing sundials, Dilke accurately states:

  "It is possible to tell the time at night from the stars,

  and this may have been done in the Near East, but no

  instruments for that purpose have survived. The sundial,

  on the other hand, dates from remote antiquity, and many 

  have survived, though often not intact..."

I would like to offer a model of 'night-time reader of solar time'

contained behind zodiac symbols on the ceiling of an Egyptian temple. Due

to the 100 AD date of the Dendra temple, the origin of this double dial

Ursa Major star clock (with zero included at the proper 7pm position and

the second dial - the first dial being of 12 hour construction, with zero

orienting north - as Peter Lancaster Brown and Charles Whitney describe as

mandatory for all north hemisphere solar star clocks) is clouded.

Babylonians may have recommended this double dial form, and Greeks and

Egyptians may have over-written a pure earlier solar time keeping method

with mystical zodiac symbols.

Note that the above suggested model is not an instrument, meaning that

Dilke was correct, as far as he went.

In any case, I would like to close with one final minor error, that upon

reflection may be a major error. Dilke (on page 9) says:

  "Contrasting somewhat with this precision (the Rhind papyrus

  exact method to compute a half length of a side of a pyramid

  as 7 x 70 palms, and definition of a batter as:

          70        210

    7 x  -----  =   ---- =  5 1/4 palms)

         93 1/3     280

  is the clumsiness of the Egyptian method of expressing

  fractions. Apart from 2/3, only 'simple' fractions were used,

  that is, those having the numerator 1. Thus we find the

  statements like:

    '2/11 = 1/22 + 1/66'. Fractions such as 2/33 were not used"

Dilke's position is easily seen as very common, and possibly a minor error.

Taking his position that since Ahmes did not explicitly have general access

to rational numbers, that any rational number could not be easily written

as a series of concise unit fractions, and therefore Egyptian number theory

was limited (and only reported special cases).

On several modern number theory levels, Dilke, and earlier readers of

Egyptian fractions, like DE Smith, O. Neugebauer and Sylvester, appear to be

correct. Modern number theorists have a great deal of difficulty in using

modern algorithms (developed in the medieval period) to generally write

rational numbers as concise unit fraction series. David Eppstein's web site

is an example of this modern view. Eppstein takes Fibonacci's 'greedy'

algorithm and produces 20/30 related algorithms that only produce very awkward

Egyptian fraction series. Were Egyptian scribes that limited in their use of

rational numbers? I suggest no, as reported by a fuller historical reading

of the RMP (read without modern ideas of algorithms and non-unit fraction

rational numbers).

To summarize, in a Dilke manner, a better reading of the RMP 2/nth table, for

example, two algebraic identities concisely convert 2/p and 2/pq rational

numbers, as given by:

    2/p - 1/A = (2A -p)/Ap, with  p/2 < A < p

(as Fibonacci himself selected n/p and A, by extending the range to 2p)

and,

2/pq = 2/A x A/pq, with A = (p + 1) and (p + q), calculating all but 2/95.

(as a form that Fibonacci himself used with his 1201 AD parametric method,

as I have previously noted here on HM)

methods that can and where used, in one form or another, to generally

convert any rational number to concise unit fraction series.

Finally, to complete a 2/nth table point, 2/95 was computed by Ahmes

as a mod 5 multiple of 2/19, using the 2/p series method (with A = 12),

marking a set of mentally based selections of A, that historians have

sadly is-read. Egyptian fractions were the standard in the ancient Near

East, beginning well before the Middle Kingdom, written in duplation form

(as Ahmes himself wrote, as arguably a proof), and later picked up by

Greeks, Romans, Byzantines, and medievals, such as Fibonacci himself. By

the arrival of our algorithmic base 10 decimal system, the rich period of

over 3,000 years of using exact methods to write all rational numbers, as

a concise unit fraction series, using algebraic identities, and not

algorithms, came to an end - and virtually forgotten, beyond a hint, left

here and there in ancient texts.  

Regards to all,

Milo Gardner
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13. ALGORITHMIC MEASUREMENT THEORY
One more modern scientific result extending the Fibonacci numbers theory is so-called "the Algorithmic Measurement Theory" (Stakhov, 1977). The latter concerns to the mathematical measurement theory, which is one of the fundamental theories of mathematics. As is well known the measurement problem was of particular concern with the ancient scientists on account of discovering the incommensurable line-segments. The latter brought to the first crisis in the foundations of mathematics and to the discovery of irrationals. The latter represent the complicated mathematical abstraction, which cannot be supported by human experience. Since the Pythagoreans irrational numbers have been of particular concern in mathematics.

The Fibonacci Association makes his efforts to development of the Fibonacci numbers, which are a solution of Fibonacci's "rabbits problem". However in his "Liber Abaci" (1202) Fibonacci formulated and solved a number of another combinatorial problems, in particular "the weighing problem". The latter is the first optimization problem in measurement theory. The essence of the problem consists in the following. Let it be necessary to weigh any integral load Q in the range from 0 up to Qmax using n standard weights {q1, q2, ..., qn} where q1 = 1 is a measurement unit; qi = ki qi; ki is any natural number.

It is clear that the maximal load Qmax equals to the sum of all the standard weights, i.e.

Qmax = q1+ q2 + ...+ qn = (k1 + k2 + ... + kn ) q1. 

There appears the problem of finding the optimal system of the standard weights, i.e. such a standard weight system, which ensures the maximal value of Qmax for the given measurement unit q1 = 1 among all possible variants. In so doing we must choose such a variant of the standard weights that it would be possible to compose any multiple by q1 load Q from the standard weights taking each of them separately.

Although the author of this combinatorial problem is Fibonacci in Russian mathematical literature (Depman, 1950) it is called the Bachet-Mendeleyev problem. The history of this problem is as follows. From Fibonacci’s works it found itself in the works of the famous Italian mathematician Lucas Pachioli and later on in the works of the French mathematician of the 17-th c. Bashet de Mesiriague who placed it in his "Collection of pleasant and entertaining problems" (1612). The outstanding Russian scientist Mendeleyev took an interest in this problem when he worked as director of the Principal Measure and Weight House of Russia.

As is well known there are two variants of this problem. While the standard weights are placed only on a free cup of the balance in case of former, they are put on two cups of the balance in case of the latter. 

The optimal solution for the former case is given by the binary system of standard weights {1, 2, 4, 8, 14, ..., 2n-1}generates the binary method of number representation:
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where ai  {0, 1}is binary numeral. The latter have a clear measurement interpretation. It codes one of the two possible positions of the balance; thus, ai = 1 if the balance is in the initial position after adding another standard weight to the free cup and ai = 0 otherwise.

The optimal solution of the second variant of "the weighing problem" is the ternary system of standard weights {1, 3, 9. 81, … , 3n-1}, which generates the ternary method of number presentation:
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where bi is ternary numeral taking the values {-1, 0, 1}.

Hence, due to the "weighing problem" Fibonacci established a deep connection between the measurement algorithms and the methods of positional presentation of numbers. This idea is the assumption point of the algorithmic measurement theory (Stakhov, 1977), which goes back to the "weighing problem" in its origin.

The main methodological idea of the algorithmic measurement theory is so-called "the Asymmetry Peinciple of Measurement" (Stakhov, 1976), which follows from observation of weighing any load Q by means of the balance (Fig. 20).
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