Reading Guide for I. Bernard Cohen, The Birth of a New Physics and Isaac Newton, Principia / A New Translation by I. Bernard Cohen and Anne Whitman.

Reading Guide
Text 3a: I. Bernard Cohen, The Birth of a New Physics
Text 3b: Isaac Newton, Principia / translated by Cohen and Whitman
Core questions:

What is scientific understanding?
Introduction:

[image: image1]
Text 2 displays a history of humans’ effort in describing motions and looking for their explanations. Aristotle categorized motions into several kinds. In particular, falling was described as a natural and uniform motion whose speed depended on the weight of the object and the resistive force acting on it. He also proposed that weight was caused by the propensity of heavy elements to their natural places. While Aristotelian physics had been widely accepted in the academia for two thousand years, various attempts were taken by medieval philosophers to refine his theory and find out the true explanation of motions.
The tradition of study of motion culminated in Newton’s publication of Philosophiæ naturalis principia mathematica (Mathematical Principles of Natural Philosophy), which is often referred to as the Principia. Firstly published in 1687, it is doubtless one of the most important works in the history of science. Newton indeed stood on the shoulders of giants, one of which is Galileo. Galileo was able to understand projectile motion as a combination of a horizontal uniform motion, which was a prelude to Newton’s First Law of motion, and a uniformly accelerating falling, from which emerged the concept of uniform acceleration.

However, Newton never lived in the shadow of these giants. Firstly, while Galileo only described motion, Newton could see the relation between force and acceleration and proposed force as the cause of motion. Secondly, he was a physicist as his predecessors but he was also a mathematician. He was never limited by the real situations and was able to conceive motion in a purely mathematical world. An indefinite rectilinear motion which implies an infinite universe, as did the concept “forever”, held no terror for him. Thirdly, Newton made a very bold step in demarcating philosophy (that is, physics) and mathematics. He did not bother to drill into the very nature of every physical quantity or the ultimate explanation of it. What he cared was the mathematical relation between quantities. Moreover, mathematics endows Newtonian mechanics with tremendous power of prediction which gives people’s confidence in science.
Galileo described motion, Newton explained motion with force. Is there any explanation of Newton’s explanation? Is there an ultimate explanation? Is an explanation an explanation if it does not have an explanation? Newton only talked about the mathematical relation between physical quantities but he did not go into the meaning of them. Without understanding of the meaning, did Newton really understand the universe? What is scientific understanding?
Suggested outlines of the texts:

Text 3a:
1: Great contributions of Newton

2: The scope of this chapter

3: A summary of the contributions of other scientists

4-6 Newtonian anticipations

4: The background of the discovery of the law of gravitation

5: Halley's visit to Newton and Newton's response

6: Newton's contributions to dynamics

7-17 Principia
7: Introduction to Principia
8: Law I and Law II

9-11: Elaborations on Law I and Law II

12-13: Newton's comment on Galileo's connection with the two laws

14: The concept of acceleration

15-16: The concept of mass

17: The measurement of mass

18-19 Final formulation of the law of inertia

18: Galileo's attitude towards mathematics and the physical world

19: Newton's attitude towards mathematics and the physical world

20-25 "The system of the world"

20: A quote from Principia — between philosophy and mathematics

21: Galileo is too much a physicist

22: Newton is also a mathematician

23: Celestial motion as a result of a joint action of inertial motion and gravitation

24: Comment on Galileo and Newton

25: Conclusion

[Para. 26-61: skipped]

62: The predictive power of Newtonian mechanics. Faith in science.

63: Science as a collective and a cumulative activity
Text 3b:
Definitions

I.
Quantity of matter (i.e. mass in today’s language)

II.
Quantity of motion = mass × velocity (i.e. momentum in today’s terminology)

III.
Innate force (i.e. inertia)

IV.
Impressed force (i.e. external force)

V.
Centripetal force: makes objects deviate from rectilinear motion. In particular, a projection of a suitable speed may result in an orbit around the earth.

[…]
Axioms, or the laws of motion

· The three laws of motion

· Corollary 1: The parallelogram law of addition of forces.
Study Questions (Answers can be found at the end of this session.)
True or False

(Text 3a, Para. 7-17: Principia)
1. The inertia of a body is its tendency to remain in a state of uniformly accelerated motion.

(Text 3a, Para. 7-17: Principia)
2. According to Aristotle, natural motion can be a circular motion or a uniform motion in a straight line.

(Text 3a, Para. 7-17: Principia)

3. According to Newton, the physical laws governing the celestial region and the terrestrial region are the same.

(Text 3a, Para. 7-17: Principia)

4. Which of the following, according to the author, did Galileo not know?

(a) All free-falling objects are of the same speed.
(b) The change in the magnitude of motion is proportional to the motive force. 

(c) Horizontal motion is natural.

(d) The horizontal and vertical motions are independent in a projectile motion.

(Text 3a, Para. 7-17: Principia) 
	
	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
	


	5. Comparing the masses of two objects can be done by moving the objects up and down.
	Law III states that an action force acts on an object by your hand, whereas a reaction force acts on your hand by the object.


True or False

(Text 3a, Para. 18-19: Final formulation of the law of inertia)
6. The world of physics refers to natural philosophy.

(Text 3a, Para. 18-19: Final formulation of the law of inertia)
7. Newton made a clear distinction between the world of mathematics and the world of physics.

(Text 3a, Para. 20-25: "The system of the world")
8. Newton argued that God gave the planets an inertial component of motion.

(Text 3a, Para. 20-25: "The system of the world")

9. Can circular motion be an inertial motion according to Galileo and Newton respectively?

	
	Galileo
	Newton

	(a)
	Yes
	Yes

	(b)
	Yes
	No

	(c)
	No
	Yes

	(d)
	No
	No


True or False

(Text 3a, Para. 62: The predictive power of Newtonian mechanics. Faith in science.)
10. People’s faith in science is based on the popularity of Newton’s laws.

(Text 3b)
11. Definition 1 states that the mass of an object depends on the external medium.

(Text 3b)
12. Two cars of masses m1 and m2 respectively are moving with the same speed.

According to Definition 2, the ratio of the quantities of motion of the cars are m1:m2.

(Text 3b) 
	
	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
	


	13. Your fist feels pain when you hit the wall.
	The reaction force acts on your fist by the wall is larger than the action force on the wall.


— End —

( What we have read in Text 2


( Newton’s Principia


( Newton’s achievements


( Demarcation between philosophy and mathematics


( Questions to ask








� Platonism (Line 5): Platonism in mathematics is a view that mathematical concepts (for example, mathematical theorems) exist no matter they are discovered or not. Mathematicians holding this view include Gottlob Frege, Bertrand Russell and Kurt Gödel.
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