Reading Guide for William Dunham, The Mathematical Universe, and Euclid, Elements

Reading Guide for
Text 11a: William Dunham, The Mathematical Universe. New York: Wiley & Sons, 1994.
Text 11b: Euclid, Euclid’s Elements: All Thirteen Books Complete in One Volume / translated by Thomas L. Heath
Read: The Mathematical Universe, Chapter G (The Greek Geometry) and Euclid’s Elements, Book 1, Definitions, Postulates, Common Notions and Propositions 1-5, 7-11, 13, 15-16, 18-20
Core question:

What makes the modern science so unique?
Introduction:

[image: image1]

From the readings of Needham, Sivin and Shen Kua, we would have a clearer picture about the ancient Chinese science and technology. On the other hand, western science, which was mostly derived from the Middle Age European natural philosophy, has a long tradition on its highly dependence on logic and mathematics which are also worth our attention. In order to appreciate the heart of the western science, we trace back to the Greeks’ geometry and see how mathematical propositions were derived logically from the very basic definitions, postulates and common notions. Euclid’s Elements is one of the greatest classical examples for our appreciation.

For the ease of appreciation of the work of Euclid, we will be using William Dunham’s The Mathematical Universe, the chapter G about Greek geometry, as a guide to go through some of the proofs in the first twenty propositions from the Book I of Elements. We will see how the construction of equilateral triangle with a collapsible compass is logically leading to the feasibility of length transfer. The proposition 20, which is about the sum of any two sides of a triangle longer than the third, is not an intuitive statement but a logical result of basic definitions, postulates and common notions. 

Elements has 13 books in total. It covers topics in geometry, number theory, and algebra. The logical structure of the content has made it the most successful and influential mathematics text since it was written in the third century B.C. 
Glossary of the text:

	Definition (定義)
	The formal statement of the meaning or significance.

	Postulate (公設)
	common-sensical geometric fact drawn from our experience

	Common Notion (公理)
	basic, self-evident assertion


Suggested outline of the text:

Text 11a (The Mathematical Universe)
Paragraphs 1-5: Greek philosophy and Greek geometry – how the former shaped the latter
Paragraphs 6-10: A short history of Greek geometry: from Thales to Euclid

Paragraphs 11-13: What makes Euclid’s Elements so important? 
Paragraphs 14-26: On transferring a length with a collapsible compass

14-18: Euclid’s philosophy of geometry
19-21: Equal lengths and the construction of equilateral triangle with collapsible compass
22-26: The procedure of transferring a length with a collapsible compass – Rigid compass is unnecessary
Paragraphs 27-28: The spirit of the procedure above – to minimize the number of postulates needed
Paragraphs 29-44: Appreciation of Euclid’s work from Elements
29-30: Congruent triangles: the key to proving geometric propositions
31-32: Proposition 5 and the pons asinorum (bridge of asses)

33-34: Proposition 16: exterior angle > any opposite interior angle
35-39: Proposition 19: “In any triangle the greater angle is subtended by the greater side.”
40-44: Proposition 20: “In any triangle 2 sides taken together in any manner are greater than the remaining one.”
Paragraphs 45-47: Other comments on Euclid’s work
Text 11b (Elements)

(Please refer to Text 12a for an outline of this text)
Study Questions 
(Answers can be found at the end of this session.)
Text 11a

True or False

(Text 11a, Para. 1-5: Greek philosophy and Greek geometry) 

1. Developing mathematical propositions is one of the characteristics of Greek mathematics.

2. Platonists believe that the ideal does not exist.
(Text 11a, Para. 6-10: A short history of Greek geometry: from Thales to Euclid) 
3. Thales’s contributions were mostly based on Euclid’s works.

	4. What did Epicurean philosophers say about Euclid?

	(a)

He was no smarter than an ass.
(b)

He was cleverer than an ass.
(c)

He looked like an ass.
(d)

None of above.



	(Text 11a, Para. 11-13: What makes Euclid’s Elements so important?) 
5. Which two instruments does the author mention?

	(a)

Point and line.

(b)

Line and circle.

(c)

Ruler and compass.

(d)

Centre and distance.




	(Text 11a, Para. 14-18: Euclid’s philosophy of geometry) 
6. What is a collapsible compass?

	(a)

A compass that is cheap.

(b)

A compass that can be used only once.

(c)

A compass that cannot be used for drawing circles.

(d)

A compass that falls shut as soon as it is lifted from the page.



	
	First statement
	Second statement
	

	(a)
	True
	True
	The 2nd statement is a correct explanation of the 1st statement.

	(b)
	True
	True
	The 2nd statement is NOT a correct explanation of the 1st statement.

	(c)
	True
	False
	

	(d)
	False
	True
	


	7. Euclid’s compass is not used for drawing a circle.
	His compass is collapsible.


True or False

(Text 11a, Para. 19-21: Equal lengths and the construction of equilateral triangle with collapsible compass) 

8. According to Euclid, constructing an equilateral triangle is a more fundamental concept than constructing a circle.

(Text 11a, Para. 22-28: The procedure of transferring a length with a collapsible compass)
9. It is unavoidable to use a non-collapsible compass to transfer a length.
10. According to Euclid, more postulates are better than less.

	(Text 11a, Para. 29-44: Appreciation of Euclid’s work from Elements) 
11. Which proposition is called “bridge of asses”?

	(a)

Proposition 3.
(b)

Proposition 4.
(c)

Proposition 5.

(d)

Proposition 6.



Text 11b
12. Review Proposition 5 (the pons asinorum, or “bridge of asses”) in Book I, Elements. 
13. Review Proposition 19. (Para. 35-40)
14. Review Proposition 20. (Para. 43)
— End —
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