LAWRENCE UNIVERSITY 

          
          PHYSICS 540: Computational Physics

Fall 2008

INSTRUCTOR: Megan K. Pickett 

PHONE: x6269  EMAIL: megan.pickett@lawrence.edu
CLASS WEBSITE: http://www.lawrence.edu/fast/pickettm/p540f08/
CLASS MEETINGS:  Nominally, 1:50-3:00 p.m. MWF in Good Old 115

OFFICE HOURS: MWF 9:30-10:30; TR 2-3; & by appointment.  

Welcome to Physics 540, Computational Physics!

TEXT: You know it, you love it, you can’t live with out it:  let’s hear it for The Big Red Book:  CPSUP!  Now with additional chapter goodness (which you’ll be charged for, but it’s well worth it).  I’ll also supplement the reading with a wiki site and (possibly) a chapter or two from relevant PhD theses, time permitting.

READINGS: I expect you to read through the assigned reading prior to class. This will enhance your learning and make our class time more useful. Given the nature of the material and the course, I plan to be fairly flexible with the course schedule. If we fall behind or zip through some chapters, I'll let you know the schedule change in lecture and online as soon as possible.

ASSIGNMENTS: The bulk of your grade will be determined by the written responses to eight separate problem sets, most of which are attached below.  There will be nearly weekly assignments, excepting the first week and the last couple of weeks; each set will typically consist of a few (3-6) problems in the CPSUP or elsewhere. You are free to work together on these under the usual restrictions and conditions, EXCEPT for your individual presentation questions (The Mighty Big Questions #1 and #2 and the Impressively Big Question at the end of the term).  Those you do on your own, though you may of course consult with me.

NOTE WELL:  Carefully explore all aspects of each problem.  In general, if you finish a problem in 10 minutes, you probably missed something or didn’t consider extensions/difficulties/limits of the problem.  I know this is somewhat nebulous, but with fewer problems, my hope is that you will, in addition to being challenged, develop the physical insight that is vital for a career in physics.  Feel free to consider special cases, or conditions that might change the problem in a significant way.

ORAL PRESENTATIONS: Three times during the term you will give individual oral presentations:  two 10 minute presentations based on your assigned Mighty Big Problem, and one 20 minute final presentation on your Impressively Big Problem.  I will discuss these in more detail in class.

TESTS AND FINAL: No exams!  Not even take home ones.  This of course gives you an idea of the work involved in the assignments, but at least you don’t have to take and I don’t have to grade exams.  Not even a final.  Sometimes, I wish I had a professor as cool as me.

COURSE GRADE:
Assignment Average:
32 points

Presentations:

22 points

MBP Write Ups:

12 points

Final Presentation:

20 points

Impressively B.P.:

14 points

Grades will be posted on the website and updated weekly, with a running estimated course grade computed after the first exam. My hope is that a curve won't be needed, and that a strictly 100-90% = A, 89-80% = B and so on will be sufficient. However, I will curve if necessary, in which case the curve will be designed such that the average score sets the position for a B-. I will not raise the curve, however. If you all get 95%'s, you all get A's and I will be a Very Happy Professor Indeed.

Did I mention there were no exams?  Cool.

COMMUNICATION: An important asset in any field is the ability to communicate your ideas clearly. With this in mind, I expect all homework to be written legibly and presented neatly. Plots and figures should be labeled accurately and captioned. The same applies for your presentations.  You should feel free to use LaTeX for your homework and powerpoint for your presentations, but they aren’t mandatory.  I do reserve the right to require you to word-process your homework if I can’t read it.

PLEASE NOTE: If you EVER need help, please feel absolutely free to contact me in any way that is convenient. I have plenty of office hours, and I am always willing to set aside separate times if those are inconvenient. NOTHING I DO AT WORK IS MORE IMPORTANT THAN HELPING MY STUDENTS. Do not wait until it is too late. I'm here to help.

ACADEMIC DISHONESTY: Academic dishonesty of any sort will not be tolerated. Academic dishonesty includes, but is not limited to, plagiarism, cheating on exams, falsifying experimental data, and providing unauthorized aid to another student. If you have any questions, please feel free to talk to me or consult the student guide. Any material turned into me must have the honor pledge written (or abbreviated, yes, that's fine, too) and signed, or I will not grade it.

ADA AND ANTIDISCRIMINATION STATEMENTS: In compliance with the Americans With Disabilities Act (ADA), all qualified students enrolled in this course are entitled to reasonable accommodations. It is your responsibility to inform me of any special needs you may need before the end of the second week of classes. I also believe firmly in the right for each student to be respected, both by a student's peers and her or his instructor. I am therefore strongly committed to ensuring that the antidiscrimination policy established at Lawrence will be honored in my class.
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Problem Sets


Below are the problems I have planned for this course. Late assignments will not be accepted for credit.  Show all your work and reasoning. All assignments must be neatly and clearly written, with all steps explained, and have the honor pledge written and signed in order to be graded.  Multiple pages should be stapled together.  Do not be fooled about the small number of questions.  I expect VERY THOROUGH WRITEUPS AND EXPLORATIONS OF THE QUESTIONS. Physics 540 is a higher level course than most of the other courses in the physics catalogue, and so I expect a higher level of explication.  Explain all reasoning and steps to be sure, but also include (numbered) intermediary equations and enough narrative for a reader who is a physicist but not taking this course to understand what you have done.  Clearly identify your answer, and any conditions.  I hope that my own lecture style—with which you are all by now fairly familiar—will serve as an example. Also include all code listings and enough descriptive text for—again—someone not in this course to be able to understand what you have done.

A Note About Grading:  Given the length of the problems, and the (sometimes) multiple paths to the end of a problem, I cannot guarantee that I will have detailed solutions available for each problem assigned—most, but probably not all.  I will of course heavily mark up your homework, but I wanted to be honest with you as I put together this challenging course for the first time. 

PS1:  DUE AT THE START OF LECTURE ON, FRIDAY 3 OCTOBER.  

CPSUP, Chapter 7:  7.9, 7.13; CPSUP, Chapter 20:  20.3-5 

PS2:  DUE AT THE START OF LECTURE ON FRIDAY, 10 OCTOBER.  
CPSUP, Chapter 13:  13.3, 13.6, 13.8

PS3:  DUE AT 5:00 PM ON WEDNESDAY, 15 OCTOBER.  
CPSUP, Chapter 10:  10.8, 10.12, 10.13
PS4:  DUE AT MIDNIGHT FRIDAY, 24 OCTOBER.
CPSUP, Chapter 13:  13.4, 13.34, and Mighty Big Problem #1

PS5:  DUE AT THE START OF LECTURE ON FRIDAY, 31 OCTOBER.
CPSUP, Chapter 14:  14.4, 14.8

PS6:  DUE AT THE START OF LECTURE ON SATURDAY, 10 NOVEMBER.
CPSUP, Chapter 13:  13.10, 13.14, 13.18, 13.35
HW7:  DUE AT NOON ON FRIDAY,  21 NOVEMBER.
CHYMERA Problems and Mighty Big Problem #2

HW8:  DUE AT NOON SATURDAY,  6 DECEMBER.
Write Up of The Impressively Big Problem

MIGHTY BIG PROBLEM #1

The MBP1 is a two-part exercise.  The first part consists of an oral presentation, perhaps using power point, of your solution to one problem from the CPSUP.  The second part is a write up of the solution, to be turned in with the rest of PS 4 on Friday 24 October.  The reading for this section includes much of Chapters 10, 13 and 20; in other words, the questions will be a combination of FDM and Lagrangian Dynamics.

Your tasks for this assignment are:

1. Generate a solution.

2. Carefully prepare a 10 MINUTE oral presentation of the solution.

3. Carefully prepare a written document of your solution, perhaps using LaTeX.  This should be a well-considered, well-written and thoroughly proof-read document.

The problems, which I will randomly assign, are:

MBPI1:  
CPSUP Exercise 10.14 (using LSODE).

MBPI2:  
CPSUP Exercise 10.15 (using LSODE).

MBPI3:  
CPSUP Exercise 10.16 (using LSODE).

MBPI4:  
CPSUP Exercise 13.5 (using IDL or FORTRAN).

MBPI5:  
CPSUP Exercise 13.22 (using IDL or FORTRAN).

MBPI6:  
CPSUP Exercise 13.23 (using IDL or FORTRAN).

MBP7: 
(Marion & Thornton 7-4) A particle moves in a plane under the influence of a force 


F = -Ara-1 directed toward the origin; A and a are (> 0) constants.  Choose the appropriate generalized coordinates, and let the potential energy be zero at the origin.  Find the Lagrangian equations of motion.  Is the angular momentum about the origin conserved?  Is the total energy conserved?

MBP8: 
(Marion & Thornton 7-9) A disk of mass M and radius R rolls without slipping down a plane inclined from the horizontal by an angle a.  The disk has a short massless axle of negligible radius.  From this axis is suspended a simple pendulum with length l < R and whose bob has mass m.  Consider that the motion of the pendulum takes place in the plane of the disk, and find (but do not solve) Lagrange’s equations of motion for the system.

MBP9: 
(Marion & Thornton 7-14) A simple pendulum of length b and bob with mass m is attached to a massless support moving vertically upward with constant acceleration a.  Determine but do not solve the Lagrange’s equations of motion and the period for small oscillations.

Note:  MBP2 choices will be handed out later in the term, and will focus primarily on FEM and a special topic (probably 3-D Hydrodynamics coding).   The Impressively Big Problem will have a range of options and will be handed closer to the Mid-Term Reading Period.  In fact, in addition to specific problems, you will be given broader topics from which you can develop your own problems.

Note also that I have scheduled several “off lecture” days for you to work on these and other problems.  Use them wisely.  I will be in my office those days for consultation.
	
	Wednesday, 24 September

Lagrangian Dynamics

Reading:   CPSUP 20
	Friday, 26 September

More Lagrangian Dynamics

Reading:  20

	Monday, 29 September

Yet More Langrangian Dynamics & Intro to Programming

Reading: 7.1-7.3                  
	Wednesday, 1 October

Programming in FORTRAN & IDL

Reading:  7.4, 7.5, 7.8
	Friday, 3 October

Analytic/Physical Derivation of PDE’s

Reading:  13.1.1-13.1.5        PS1

	Monday, 6 October

Finite Difference Methods (FDM):I

Reading:  13.1.6-13.1.8, 13.2                       
	Wednesday, 8 October

Driving Programs for LSODE: I

Reading: 10.1, 10.3, 10.5
	Friday, 10 October

Driving Programs for LSODE:II

Reading: 10.4, 10.6              PS2

	Monday, 13 October

FDM’s:  II

Reading: 8.1, 8.2, 13.3, 13.5, 13.12
	Wednesday, 15 October

FDM’s: III

Reading: 13.13, 13.15          PS3
	Friday, 17 October

No class; Work on Assignment
                                              

	Monday, 20 October

Intro to Multigrid Techniques

Reading:  14.1-14.3
	Wednesday, 22 October

Oral Presentations of FDM exercises
	Friday, 24 October

Oral Presentations & MUDPACK

Reading: 14.4                       PS4 

	Monday, 27 October

No Class; Work on Assignment
	Wednesday, 29 October

Finite Element Methods (FEM):  I

Reading: 13.7, 13.8
	Friday, 31 October 

FEM’s:  II

Reading 13.10, 13.17            PS5

	MONDAY, 3 November

MIDTERM READING PERIOD


	Wednesday, 5 November

FEM’s:  III

Reading: 13.18, 13.20               
	Friday, 7 November

No Class; Work on Assignment



	Monday, 10 November

CHYMERA*:  I

Reading: CHYMERA wiki    PS6
	Wednesday, 12 November

CHYMERA*:  II

Reading: CHYMERA wiki
	Friday, 14 November

No Class; Work on Assignment



	Monday, 17 November

Oral Presentations of FEM/CHYMERA exercises
	Wednesday, 19 November

Oral Presentations of FEM/CHYMERA exercises
	Friday, 21 November

No Class; Work on Project

                                              PS7

	Monday, 24 November

No Class; Work on Project


	WEDNESDAY, 26 November

THANKSGIVING


	THURSDAY, 28 November

THANKSGIVING



	Monday, 1 December

Oral Presentations


	Wednesday, 3 December

Oral Presentations


	Friday, 5 December

Oral Presentations













