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Introduction

Ours is a scientific age.  This is so not only because of the technological and scientific advances we see around us.  Our age is scientific because even the way we see the world has been affected by the scientific view.  But how do scientists see the world?  How do they explain things?  How do they communicate?  Can I apply their methods to other topics and endeavors?

Natural Sciences 3 starts simply, with Galileo's explanation of falling bodies.  He seems to 
have discovered an important law of nature without any observation at all, just by reasoning.  From his explanation of falling, the course goes to the explanation of motion in general—motion of people, cars, planets.  

Finally, with that groundwork, the course moves on to the ultimate moving thing, light, and the nature of light.  How does light behave and why does light behave as it does?  Two competing explanations of the nature of light struggle for attention and approval.  Which one to choose?  And how to justify the choice?  The historical wave / particle controversy about light was settled in favor of waves, but only temporarily. A wave has to be a wave in some medium (like ocean waves need water); this medium for light waves was called the ether. What, then, is this ether?  Or can something else serve the role of medium?

Philosophy of Learning

You have completed the “1” and “2” level courses in the Core sequence, and so you’ve already begun to learn the skills of dialog.  Nat Sci 3 now marks a shift away from a self-protective and conformist learning attitude that many students retain in the lower level courses and toward a responsible and autonomous position in which dialog and community become most important. In the "3" and "4" level courses you and the other students in the class realize your corporate responsibility for class discussion; you move away from the "normal" student position of being both rewarded and punished by the faculty member in his/her role as sole judge. In adopting and practicing this policy, we all need to be conscious of the difficulty/fear we have in making and expressing judgments.

Student Competencies 
The heart of the Shimer educational method is the encouragement and practice of those skills that will make possible lifelong learning. To this end certain commitments and competencies are expected in Nat Sci 3. These include:

- Commitment to one's own learning

Measured by your attending classes on time, letting others know what you do and don't understand, and identifying for yourself issues of safety in the class discussion. 

- Reading the source materials for the class carefully and completely 

- Asking genuine questions within the discussion

- A growing ability to recapitulate someone else’s point of view

Measured by that other person agreeing that you have done justice to his/her position. 

- The ability to understand and express your emotional reactions to the readings and to the process of learning 

- The ability to write effectively

In addition to the above, certain competencies are specific to Nat Sci 3 and the student’s achievement will be confirmed using assigned papers and an exam.  These include the ability of all students to:

- State the basic principles of mechanics

- Explain the principle of least time/action

- Use the laws of optics to trace light rays undergoing refraction and reflection

- Use Huygens’ Principle to trace the direction of light undergoing diffraction

- Design and carry out a simple scientific experiment

- Write a lab report and a basic scientific paper

- Describe the relationship between electricity, magnetism and light

Class Attendance Policy

Each student is expected to attend every class session on time—every class missed counts against your participation grade. Further, you are subject to failing the course if you miss four (4) class sessions. The instructor will warn the student after two (2) such absences. Upon earning failing status from absences, the student may be reinstated only under a rigorous contractual agreement with the instructor.  

Assignments and grading

Each student will receive a semester grade based upon four things: class participation, two papers, and a final exam.  

The first paper is a straightforward ‘lab report’, a write-up of an experiment you do to test or repeat some aspect of Galileo’s work.  It will be due by the end of September.   The second paper is an account of your experience and experiments with a prism supplied to you as part of the course materials. Carry your prism around with you; observe the world through it; take notes. Also, bring it to class on a regular basis. Your paper should be both a record of your observations and a theoretical explanation of them. Like the clearer authors in the class, structure the paper so that the readers:

· know what you did (your method, procedure, actions),
· know your observations (your data),
· understand the explanation of your observations and how your method yielded them,
· could reproduce what you did and check the results for themselves.

Other experiments are possible, but you must receive approval of the topic.  The paper should be eight to twelve typed pages (plus figures) and is due on December 11th.  A draft is due for the November 12th session during which the class will critique the paper. You may email papers to me at j.donovan@shimer.edu.  Hardcopy will be accepted if you cannot email it.

The final exam is due on the last day of classes, before writing week begins.

Except under unusual circumstances, late papers will not be accepted.  On-time papers may be rewritten, so if you feel that a paper is not “good enough”, hand it in anyway and rewrite it. Please note that Nat Sci 3 is a “writing class” and a student must pass every written assignment in order to pass the course. 

Your class participation grade will be divided between your individual effort and the corporate effort of the class, as determined by the class as a whole.  Your course grade will be based upon the following components:  class participation (quality, as well as quantity) 40%; papers 40%; final 20%.
Course readings

Galileo
Dialogues Concerning The Two New Sciences
Newton
Opticks 

Shamos 
Great Experiments in Physics
Shimer College Reprints

· Newton 
Excerpts from Principia 
· Descartes
Optics, On Light and On Refraction

· Huygens
Treatise On Light
· DuFay
The Two-Fluid Theory Of Electricity 

· Franklin
The One-Fluid Theory Of Electricity
· Maxwell 
On Action At A Distance (Faraday's Point of View)
 

On Ether
· Faraday
On Static Electrical Induction
 

On the Induction of Electric Currents
 

On some Points of Magnetic Philosophy…
· Hertz
Electric Waves 

Calendar
	Week
	1
	1
	Galileo
	Dialogues Concerning The Two New Sciences - Paragraph prior to section #106 through section #126 (pp. 65-86)

	
	
	2
	
	Dialogues Concerning The Two New Sciences - section #190  through section #196 (pp. 147-153)

	
	
	3
	
	Dialogues Concerning The Two New Sciences - section #197  through section #213 (pp. 153-170)

	
	
	
	
	

	Week
	2
	1
	Newton
	Principia (coursepack), Preface and Definitions, 381-383,  Principia (The Central Argument), pp 3-12

	
	
	2
	
	Principia (coursepack), Laws and Propositions, 416-430, 433, 444-446; 449-453

	
	
	3
	 
	Principia (coursepack), Rules, Phenomena and Propositions, 794-805; Philosophy of Nature, 112-116

	
	
	
	
	

	Week
	3
	1
	Workshop
	Experimental Design

	
	
	2
	Descartes
	Optics, On Light,  On Refraction

	
	
	3
	Workshop
	Observing

	
	
	
	
	

	
Week
	4
	1
	Newton
	Opticks pp. 1-82

	
	
	2
	Huygens
	Treatise On Light: Chapters 1-2

	
	
	3
	
	Treatise On Light: Chapters 3-4




	
Week
	5
	1
	Newton
	Opticks pp. 168-178, 193-224, pp. 270– 282

	
	
	2
	Newton

Young
	Opticks, pp. 317-374 

The Interference Of Light (Shamos, pp. 93-107)

	
	
	3
	Workshop
	Light paper draft due

	
	
	
	
	

	Week
	6
	1
	DuFay

Franklin
	The Two-Fluid Theory Of Electricity 

The One-Fluid Theory Of Electricity

	
	
	2
	Faraday


Oersted
	Static Electrical Induction pp. 848-850 

Electromagnetism (Shamos, pp. 121-127)

	
	
	3
	Faraday 


	Induction of Electric Currents pp. 265-273

	
	
	
	Dec 11
	Light Paper due

	
	
	
	
	

	Week
	7
	1
	Faraday 


Maxwell
	On some Points of Magnetic Phil…
pp. 830-834; 837-842

On Action At A Distance (Faraday's Point of View)

	
	
	2
	Maxwell
	The Electromagnetic Field (Shamos, pp. 283-300)  

On Ether

	
	
	3
	Hertz
	Electric Waves

Electromagnetic Waves (Shamos, pp. 184-197)

	
	
	
	
	

	
	
	
	Dec 20
	Final exam due


