PHYS 301

Classical Mechanics (I)
FALL 2012
10:00-10:50 (S,M,W)

Instructor:
Zain H. Yamani

e-address: 
zhyamani@kfupm.edu.sa
Office:

15-3100 or 28-145

Telephone: 
860-4363
Course Description

An (intermediate-level) course in classical mechanics. Topics covered include: Newton's laws of motion and conservation theorems, oscillations; non-linear oscillations and chaos; Computational study of forced oscillatory motion and nonlinear motion; gravitation; Hamilton's variational principle- Lagrangian and Hamiltonian Dynamics; Central force; Motion in a non-inertial reference frame.
Pre-requisite


Phys 201 & Math 201

Text


"Classical Dynamics of Particles and Systems" by J.B. Marion & S.T. Thornton (5th Edition, Saunders College Publishing, 2004).

Supplementary References:

1. K.R. Symon, “Mechanics”, Addison-Wesley.
2. G.R. Fowles, “Analytical Mechanics”, Holt-Rinehart and Winston. 
3. C. Fox, “An Introduction to Calculus of Variations”.

4. B. Hawkins and R. Jones, “Classical Mechanics Simulations”.

5. S. Wolfram, “Mathematica, a System for doing Mathematics by Computer”.
6. R. Zimmerman and F. Olness, “Mathematica for Physics”.

Grading


Homeworks, Quizzes & Interaction
35%


Midterm (Ch. 1 - 6)


20%


Term paper



15%


Final Exam (~ comprehensive)
30%

General Remarks

· You are expected to use calculus as a tool for understanding the material and solving problems. Techniques involving differential equations and vector calculus will be used. I expect you to be familiar with the material of the prerequisite courses (esp. in physics and mathematics).

· You will be requested to use Mathematica (or equivalent) during the course.
· You should read the appropriate sections (see syllabus) from the textbook prior to class.

· There will be approximately 8 homework problem sets. It is very important that you stay on top of the homework problems and that you leave enough time to solve them. I do not mind students “discussing” the homework problems with each other, unless I ask you not to. 
· Cheating (e.g. copying) will not be tolerated.
· Be sure to take notes.

· Please ask questions and stop me whenever needed.
· Make sure I have your e-mail address. Read your e-mail! I will occasionally send out e-mail messages with information, homework hints and other timely items. More probably, there will be Blackboard for this course.
· You should also check information posted on the course web page http://faculty.kfupm.edu.sa/phys/zhyamani/teaching/phys-301/phys-301.html
· Let me know if you like to have evening help sessions.
· Please make use of my office hours.
· Prepare very well for your term-paper!
· We will need to make up a few classes since I will be traveling during this semester.
· This is a student learning oriented course through: studying from the textbook, learning to program, solving homeworks and interactions, writing term papers and delivering a presentation, participating in discussion (in class and on Blackboard), helping me explain a few textbook sections.
Fall Semester 2012
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Course Syllabus

	Week #
	Date
	Chap. #
	Sec.
	T o p i c s

	1
	Sept.1
Sept.3

Sept.5
	0

1
1
	0.0

1-10
10-13
	Introduction, Review Physics-101
Coordinate Transformations and Rotations
Matrix Operations, Differentiation of Vectors

	2
	Sept.8

Sept.10

Sept.12
	1

2
2
	14-17
1-3

4
	Angular Velocity, Gradient Operator, Vector Integration...etc.

Newton's Laws and Reference Frames

The Equation of Motion for a Particle

	3
	Sept.15
Sept.17
Sept.19
	2
2

--
	5

6-7
--
	Conservation Theorems

Energy
Catch up and review

	4
	Sept.22

Sept.24

Sept.26
	3
3
3
	1-2

3-5
6-7


	Simple Harmonic Motion 

1&2 D Harmonic Motion, Phase Diagrams, Damped Oscillations
Driving Forces, Physical Systems



	5
	Sept.29

Oct.1

Oct.3
	3

4

4
	8-9

--

--
	Fourier & Green’s Function

Introduction

to Chaos

	6
	Oct.6

Oct.8 

Oct.10
	5

5

5
	1-2

3-4

5
	Gravitational Potential 

Lines of Force and Equipotential Surfaces

Ocean Tides

	7
	Oct.13

Oct.15

Oct.17
	6
6
--
	--
--

--
	Introduction to the Calculus of Variation
Introduction to the Calculus of Variation

Catch up and review

	8
	Nov.3
Nov.5

Nov.7
	7
7

7
	1,2

3

4
	Euler Lagrange Equation

Generalized Coordinates

Equations of Motion


Midterm Exam. Chaps. 1-6;
 Monday Nov. 5th, 2012
7.30 p.m.
	9
	Nov.10

Nov.12

Nov.14
	7
7

7
	5

6-9
10-11
	Non-proper set of Coordinates More on Lagrangian Mechanics
Hamiltonian Dynamics

	10
	Nov.17

Nov.19

Nov.21
	7

8

8
	12-13

1-2

3
	Liouville & Virial Theorems

Central Force Problem

First Integrals of Motion

	11
	Nov.24

Nov.26

Nov.28
	8
8

8
	4

5-6
7
	Equations of Motion 

Orbits & Effective Potential
Planetary Motion

	12
	Dec. 1

Dec.3

Dec.5
	--

--

10
	--

--

1-2
	Catch up and review

Term-paper Presentations 

Rotating Coordinate Systems 

	13
	Dec. 8

Dec.10

Dec.12
	10

10
--
	3

4

--
	Centrifugal and Coriolis Forces Motion Relative to Earth
Term-paper Presentations

	14
	Dec. 15

Dec.17

Dec.19
	--
12

12
	--
1-2

3
	Term-paper Presentations
Coupled Oscillators

Weak Coupling 

	15
	Dec.22
Dec.24
Dec.26
	12

12

--
	4

7

--
	General Problem of Coupling

Molecular Vibrations

Review


Suggested titles for term papers (*) include:

· The ticking clock

· The car engine: from fire to tier

· Sky diving and parachutes

· Bicycles and tricycles

· Walking and running: humans and animals
· Rocket motion in outer space

· Cranes and trains

· Fishes and submarines

· Sound propagation in gases and solids

· Materials separation through centrifuging

· Raman spectroscopy: a consequence of coupled oscillations
(*) the titles should be confirmed with me.

