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Catalog Description for ME 501AB, Seminar in Engineering Analysis

Analytic and numerical methods applied to the solution of engineering problems at an advanced level.  Solution methods are demonstrated on a wide range of engineering topics, including structures, fluids, thermal, thermal energy transport, and mechanical systems.  ME 501A and 501B form an integrated, two semester sequence.

A. Emphasizes physical phenomena that can be described by systems of ordinary differential equations.

B. Emphasizes physical phenomena that can be described by partial differential equations.

	Instruction information

	Name
	Larry Caretto

	Email address
	lcaretto@csun.edu

	Office
	JD (Engineering Building) 3333

	Phone
	818.677.6448

	Fax
	818.677.7062

	Office hours
	Monday and Wednesday, 5 to 6 pm, Tuesday and Thursday 2 to 3 pm, and other times by email, drop-in. telephone call, or appointment

	Course Information

	Class number
	14443

	Class hours
	Monday and Wednesday 7:00 – 8:15 pm

	Class location
	JD 1610

	Web site
	http://www.csun.edu/~lcaretto/me501b


Expanded Description

As noted in the catalog description, this is the second course in a two-course sequence in engineering analysis.  The one-year course deals with the analysis of these problems using classical mathematical solutions and applying techniques of numerical analysis to the problems.

In discussing “physical phenomena that can be described by partial differential equations,” the 501B course uses some of the concepts that are developed in detail during the 501A course.  These include matrix analysis, matrix eigenvalues and eigenvectors, orthogonal functions and use of equations such as Bessel’s equation for solving engineering problems, and basic numerical analysis applied to systems of linear equations, interpolation, differentiation and ordinary differential equations.  Each of these topics will be briefly reviewed when they are used in ME 501B so that students who were not able to take the courses in sequence will have the basic material necessary for applications in 501B.

Although there are no formal prerequisites for this course, 500-level courses are designed primarily for graduate students, but allow the enrollment of advanced undergraduates.  All students in the course are expected to have a background in mathematics and numerical analysis that is equivalent to a graduate in mechanical engineering or other engineering discipline.  This includes mathematics courses through ordinary differential equations and some familiarity with matrices and with numerical analysis that is equivalent to the completion of the Math 280 (differential equations) and ME 309 (numerical analysis and matrices) courses at CSUN.
Textbooks
The text by Kreyszig is used extensively used during both 501A and 501B.  It covers the traditional mathematical analysis topics, but has only small coverage on numerical analysis of partial differential equations.  Almost all the material on numerical analysis topics in 501AB comes from the Hoffman text.
Erwin Kreyszig, Advanced Engineering Mathematics (ninth edition), Wiley, 2006.  (ISBN: 0-471-15496-2)

Joe D. Hoffman, Numerical Methods for Engineers and Scientists (second edition), Marcel Dekker, 2001.  (ISBN: 0-824-70443-6)
Course Conduct

Course Objectives – This course has three basic goals: (1) enhance students ability to perform more complex mathematical analyses of engineering problems and get actual answers to those problems; (2) improve students’ understanding of how mathematical applications are defined, derived and related, and (3) give students the ability to read and understand publications in their field that make use of advanced concepts in engineering analysis.

In particular, students should be able to achieve the following goals by the completion of the 501B course.

· Understand that seemingly disparate concepts such as vectors and function expansions have common vocabulary and that an understanding of one will strengthen the understanding of the other.

· Understand publications of applied engineering analysis that involve analytical and numerical solutions of partial differential equations, including applications of special functions such as Bessel functions, orthogonal functions, eigenfunction expansions, and matrix analysis to these problems.

· Be familiar with algorithms and software packages for solving partial differential equations and understand the limitations of these approaches.

· Analyze engineering problems described by partial differential equations, obtain solutions to those problems where solutions are possible, and understand where analytical solutions are not available.
· Understand differences between solutions of elliptic, parabolic and hyperbolic partial differential equations in both analytical and numerical approaches.

· Obtain solutions to engineering problems described by elliptic, parabolic and hyperbolic partial differential equations using an analytical or a numerical approach, as appropriate.

· Be familiar with the use of Laplace transforms for solving partial differential equations and be able to use a transform table to get such solutions in simple cases.

Class participation – Learning engineering subjects is a difficult task that can only be done by working problems on your own.  Your learning in this course will be a combination of textbook material, lecture material and in-class discussion.  Your active participation in class exercises and discussion is essential to your learning of the subject matter.  Your own work in problem solving is a key to your mastery of the subject matter.

Class courtesy – To keep a good learning environment for your fellow students you should come to class on time and not leave before class is over.  Turn off your cell phone or pager while you are in class.  Do not disturb others by talking during lecture.  If you do not understand some point of the lecture, ask the instructor for clarification.  Please do not wear strong scents in perfume, after-shave, colognes, etc.; this can be especially troublesome for your fellow students with allergies.

Homework – Weekly homework assignments are listed following the list of lecture topics, below.  These assignments will be collected and graded.  Solutions to the homework will be posted on the course web site.  Homework should be done neatly, but there is no required format for the homework.  Use your own professional standards for the format you use in submitting homework problems.  Late homework assignments will have a deduction of 10% of the maximum grade for each week or part of a week that the assignment is late.
Computing – All students are expected to be familiar with Excel so that they can use this program for simple computing assignments.  (Numerical assignments can be done either with spreadsheet formulas or using VBA code.)  Other than this assumption, students are free to use whatever computing system they prefer for computing assignments.  You can get instructor support for work in Visual Basic, C++, Fortran, Excel, and, to a limited extent, in MATLAB.
Active learning – Lecture presentations will use slides to expedite coverage of the material.  Copies of the slides will be available on line prior to the lecture.  You should be able to listen to the lecture and make notations on the handouts rather than taking detailed notes.  You are encouraged to ask questions during the lecture to help you and your fellow students clarify points that are not clear.  From time to time you will be asked to work in groups to solve a problem related to the homework assignment.  Your active participation in these exercises can be done in three ways: (1) working on the problem, (2) asking your fellow students questions about the problem, or (3) answering questions from your fellow students about the problem.  All of these approaches are encouraged to help you learn the course material.
Grading – Your grade in this course will be based on weekly homework assignments, two seventy-five-minute midterm exams, and a final exam.  These will be weighted as follows in computing the final grade:

Weekly homework assignments
10%

Two midterm examinations
50%

Final examination
40%

The translation of a final numerical score into a letter grade rests solely on the judgement of the instructor.  Plus/minus grading will be used in this course as indicated in the criteria below:

A:
Student knows almost all of the course material and is able to apply it to new problems similar to those covered in the course.

A–:
Student satisfies one, but not both, of the conditions for an A grade.

B+:
Student understands the fundamental aspects of the course and is able to apply this knowledge to problems covered in the course.

B:
Student can apply almost all the fundamental aspects of the course to problems covered in the course.

B–:
Student has learned some course material but is not able to apply all the fundamental points of the course.

C:
Student has failed to demonstrate knowledge of the course material beyond a minimal level.

F:
Student has violated campus guidelines for academic honesty.

No make-up exams – There are no make-up examinations.  Students who miss a midterm exam will receive a grade for the missed exam, based on their performance on all the other exams that they took.  Students who do not take the final examination will receive a grade of incomplete in the course if their previous work is passing; if the previous work is not passing they will receive a grade of unsatisfactory withdrawal (WU).
Plagiarism vs. Collaboration – Students often work together on assignments.  This collaboration is helpful and encouraged.  By working together, each of you can improve your learning of the subject.  However, there is a difference between working together to learn the material and copying another student’s work and passing it off as your own.  Submitting another person’s work as your own is a violation of academic standards and University regulations.  It is unethical behavior for people working in engineering and science or studying to work in these fields.  Each student must submit his or her own work to pass the course.

Written assignments or exam solutions that are identical and, in the instructor’s judgment, indicating copying, will result in an F grade in the course for both students involved.  The instructor will notify the Associate Dean of the College of Engineering and Computer Science and the Dean of Students of any cheating incidents in this class. 
Add-drop policy – Students are expected to be familiar with the University regulations for adding and dropping classes.  Students who find that they do not have enough time to prepare for this class or who have difficulty with the initial homework assignments should consider dropping the class within the appropriate deadline.  Students who do not complete the course work and do not withdraw from the class will receive a grade of WU, denoting an unsatisfactory withdrawal.  Such grades count the same as an F grade in the computation of students’ grade point averages.

Changes – Students are responsible for all changes to this outline announced in class.

Schedule of lecture topics and examinations
The reading column below gives the pages to be read from the texts by Kreyszig and Hoffman, prefaced by a K or H, respectively.  Readings should be completed before the lecture.

	Date
	Subject Matter
	Reading

	January 19
	Holiday

	January 21
	Course introduction.  The Sturm-Liouville problem, general orthogonal eigenfunctions, eigenfunction expansions.
	K 203–215

	January 26
	Fourier series, representation as periodic functions and as orthogonal eigenfunction expansions.
	K 478–498

	January 28
	Solution of the diffusion equation in Cartesian coordinates.  Separation of variables.  Representation of boundary conditions as a series of orthogonal eigenfunctions.
	K 535–537, 540–542, 552–557

	February 2
	Solution of the diffusion equation with non-homogenous boundary conditions.  The convection boundary condition.
	

	February 4
	Review of Bessel functions.  Bessel-Fourier series for initial conditions of the diffusion equation in radial coordinates.
	K 198–197

	February 9
	Solution of Laplace’s equation in rectangular coordinates.
	K 558–560

	February 11
	Solutions of Laplace’s equation by superposition.
	

	February 16
	Laplace’s equation in radial and spherical coordinates.
	K 579–584

	February 18
	Results from complex variable analysis and vector calculus for Laplace’s equation.
	K 465–467, 771–774

	February 23
	Conclusion of Laplace equation.  Introduction to wave equation by separation of variables.
	K 585–597, 616–618

	February 25
	Continuation of wave equation.  D’Alambert’s solution.  Wave propagation by D’Alambert’s solution
	H 501-526

	March 2
	Implications of D’Alambert’s solution.  Classification of second-order PDEs.  Characteristics.
	H 501-526

	March 4
	Partial differential equations with more than two independent variables
	K 619-625

	March 9
	Review for midterm
	

	March 11
	First midterm examination

	March 16
	Review basics of numerical analysis, finite-difference expressions, truncation and round-off errors, formulas for derivatives of various orders with various order error, with applications to partial differential equations.
	H 251–272,

187–216,

K 848–860

	March 18
	Numerical solution of the diffusion equation in one space dimension.
	K 942–951, 976–980

H 587–606

	March 23
	Convergence, consistency and stability.  Stability analysis.  Parabolic PDEs in multiple space dimensions.
	H 606–650

	March 25
	Elliptic PDEs by finite-difference methods.  Derivation of finite-difference equations and their solution by iterative methods.
	K 962-975,

H 527–562

	March 30
	Continued discussion of elliptic equations and advanced methods for solving finite-difference equations.  Review for second midterm
	

	April 1
	Second midterm exam

	April 6
	Spring break – No class

	April 8
	Spring break – No class

	April 13
	Elliptic equations in three dimensions.  Non-Cartesian coordinate systems.
	H 562–581

	April 15
	Hyperbolic partial differential equations by finite difference methods.  Dispersion and dissipation errors.
	K 982–983,

H 651–702

	April 20
	Review of finite-difference methods for partial-differential equations.  Non-linear equations.
	

	April 22
	Introduction to finite element methods.  Method of weighted residuals.  Galerkin method.  Basis functions.  Linear element.
	H 711–739

	April 27
	Two-dimensional finite-elements
	H 739–752

	April 29
	Quadrilateral finite-elements
	

	May 4
	Triangular finite-elements and transient problems with finite elements
	H 752-759

	May 6
	Review for final.
	

	May 11
	Final Examination, Monday 8:00 to 10:00 pm
	


Homework Assignments

The homework assignments should be submitted at the start of class on the dates shown.
	HW
	Due date
	Homework problems assigned

	1
	January 26
	Kreyszig page 209, problems 2 and 7

	2
	February 2
	Download problems from web site

	3
	February 9
	Kreyszig page 561, problems 5, 13[in the third line the equation should read u(x,0) = f(x)], 14 and 27.

	4
	February 16
	Download assignment from web site.

	5
	February 23
	Download assignment from web site

	6
	March 2
	Download assignment from web site.

	7
	March 9
	Kreyszig, page 546, problems 2 and 4, page 547, problem 12, page 552, problem 5.  Show that Laplace’s equation is elliptic, the heat equation is parabolic, the wave equation is hyperbolic, and the Tricomi equation , yuxx + uyy = 0 is of mixed type.

	8
	March 16
	Kreyszig, page 586, problems 24, 25, 26, and 27;  page 593, problem 14;  page 597, problems 8, and 9.

	9
	March 23
	Download assignment from web site.

	10
	March 30
	Hoffman, page 582, problem 7 (as originally stated and repeat with dx = 2.5 cm, dy = 5 cm using SOR with a relaxation factor from equation 9.51, page 583, problem 21, page 584, problem 26.

	
	April 6
	Spring break – no homework

	11
	April 13
	Hoffman, page 584, problem 30, page 585, problem 33, page 585, problem 37.

	12
	April 20
	Hoffman, page 771, problems 23 and 25;  redo example 12.5 on page 738 of Hoffman using the boundary condition: a dT/dx + bT = c with a = 1/cm, b = 1 and c = 1oC.

	13
	April 27
	Download assignment from web site.

	14
	May 4
	Download assignment from web site.


References

See Appendix 1 in Kreyszig for a list of books and journals that are appropriate references for this course.
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