Instructional Memorandum

MA364, Engineering Mathematics

Spring Semester, 2009
AY09-2
Introduction:  Welcome to MA364, Engineering Mathematics.  The goal of this course is for cadets to learn mathematics beyond the core program and then apply it to solve engineering problems.  The main objective is to increase cadet mathematical literacy; as a consequence, cadets will be better equipped to solve meaningful problems in their chosen discipline.  
Take a few minutes to read this administrative letter and familiarize yourself with the course materials.  We will meet IAW the schedule posted here.  

The MA364 faculty team will guide you through the study of important mathematical principles, concepts, and methods, as well as their role in the solution of engineering problems.  We also intend to support your overall growth as you prepare for officership.  You should find the experience interesting, relevant, and rewarding.  
Instructor office locations and phone numbers are as follows:
Team Directory

	LTC Michael Jaye
	MAJ Silas Bowman 

	Dept of Mathematical Sciences 
	Dept of Mathematical Sciences 

	Room: TH254
	Room: TH 239B,

	Office: 845-938-5931
	Office: 845-938-8135

	
	

	LTC Archie Wilmer
Dept of Mathematical Sciences

Room: TH 256A
	

	Office: 845-938-6726
	

	
	

	
	


Teaching Schedule (Section, Instructor, Room)
G1
LTC Jaye

TH467  
H1
LTC Jaye

TH467  
H2
MAJ Bowman

TH471  

I1
LTC Wilmer

TH336  

I2
MAJ Bowman

TH471

J1 
MAJ Bowman

TH471


Purpose:  This course involves the study and understanding of mathematical methods common to all engineering disciplines.  The majority of your engineering courses will be devoted to the application of these mathematical methods in the analysis, design, evaluation, and testing of specific engineering components, systems, and subsystems.  (For example, differential equations can be used to describe the behavior of harmonic oscillation, as well as the response of many physical systems to loads or forces.)  In addition to developing a deeper understanding of differential calculus, we shall address methods of mathematics related to integral calculus, as well as the role and significance of eigenvalues and Fourier series approximations.  We will explore the power and insights gained by transforming a time-domain equation into a frequency domain equation through Laplace Transforms.  Vector calculus and its attendant utility in modeling will be visited as well.  In all, it is important to see the big picture, to always do a reality-check of your results, and to accurately communicate your findings and analysis.  To master the material, you will have to try and do the mathematics, and this will require planning (time management), action, and initiative.  In this regard, it is important that you have a solid foundation in core mathematics so that you might safely build upon it.  In addition, we expect you to take seriously the stewardship of your education, that you pursue deep learning, and that you persevere.  

Overarching Course Objective:  to provide a solid education in the mathematics necessary for continued study and success in your engineering discipline.

Course Objectives:

1. Model with, solve, and interpret the solutions of ordinary differential equations.

2. Apply vector calculus to model and solve problems related to vector fields and vector differential and integral equations and systems of equations.
3. Model with and solve linear systems of equations, apply linear transformations, and determine eigenvalues and eigenvectors and interpret their significance.

4. Model with, solve, and interpret the solutions of simple partial differential equations (heat and wave equations).

5. Solve mathematical problems involving complex numbers and complex functions.  Develop proficiency in the representation (rectangular and polar forms) of complex numbers, and in their arithmetic (e.g., multiplication and division in polar form).

Topical Block Objectives:

Block 1:  An introduction to complex numbers; review
a) Make more certain our probability of success in this and subsequent semesters by provoking practice in previous fundamental skills in arithmetic, algebra, geometry, trigonometry, graphing, logarithms and exponentials, differential calculus, multivariable differential calculus (gradients only), integral calculus, and differential equations.

b) Understand the geometry of the complex plane and of rectangular and polar representations.

c) Convert from rectangular → polar representations and polar→ rectangular representations.

d) Perform arithmetic with complex numbers, including multiplication, division, powers, roots, exponentiation, and logarithms.

Block 2:  Ordinary Differential Equations

a)  Classify ordinary differential equations by order, linearity, homogeneity, and type of coefficients.  Understand why classification of ODEs is fundamental.

b)  Solve first-order differential equations, including the use of the integrating factor.

c)  Solve second-order, homogeneous differential equations.

d)  Solve second-order, non-homogeneous differential equations with simple forcing functions.

Block 3:  Laplace Transforms






a)  Find the Laplace transform of a function or a derivative.


b)  Know the unit step function and the Dirac delta-function, as well as their Laplace Transforms.

c)  Use the Laplace transform to solve differential equations.
Block 4:  Linear Algebra





a) Be able to model problems with linear algebra, and to analyze and come to conclusions by solving the resulting linear systems.

b) Understand the mathematical implications of underdetermined and overdetermined systems.  Understand the physical implications of the same.

c) Gain some elementary familiarity with some by-hand techniques for analyzing linear systems:

a. Solve linear systems by Gaussian elimination and back-substitution.

b. Invert a 2x2 or 3x3 matrix via Gauss-Jordan elimination.

c. Find the eigenvalues and eigenvectors of a 2x2 or 3x3 matrix by hand.

d) Be able interpret solutions to problems involving elasticity, growth, vibrations, etc, via eigenvectors and eigenvalues.
Block 5:  Vector Differential Calculus





a)  Understand the utility and application of vector fields and vector differential operations.

b)  Find the divergence and curl of a vector field in Cartesian, cylindrical, and spherical coordinate systems.

c)  Apply the Laplacian operator in Cartesian, cylindrical, and spherical coordinates.

Block 6:  Vector Integral Calculus






a)  Understand the utility and application of vector fields and vector integral operations.

b)  Construct and evaluate line integrals in conservative and non-conservative fields.  

c)  Use Green's Theorem to simplify and evaluate certain line integrals.

d)  Apply and evaluate surface integrals.

e)  Apply the Divergence Theorem and Stokes' Theorem to simplify and evaluate certain integrals.

Block 7:  Fourier Series






a)  Represent a periodic function by a Fourier series, a Fourier sine series, a Fourier cosine series, or by the complex form of a Fourier Series.

b)  Know and apply the definition of an even function and an odd function.

Block 8:  Partial Differential Equations






a)  Know Laplace’s equation, the wave equation, and the heat equation.

b)  Solve the heat equation using Fourier Series.

Grade Plan: 

A. We will base your grade upon your performance on the following events.  The respective point values are shown in the table below.

	GRADED EVENT
	POINTS
	PERCENT

	Problem Sets (5)
	450
	15%

	Instructor Points
	750
	25%

	WPRs (2)
	900
	30%

	TEE
	900
	30%

	TOTAL
	3000
	100.00%


B.  We will convert your raw score to a letter grade at the end of the course using the 

      following heuristic for what we believe you ought to possess for these grades:

Department of Mathematical Sciences Guidelines for Assigning Grades

        Description of  

                    Letter 
       
         Performance 
          

        Grade

  Beyond expectations of course

A+


  Dominates the material


A              

  Mastery




A-


  Excellent performance


B+


  Good understanding


            B


  Proficient; Aptitude for the subject

B-


  Can build upon this foundation

C+


  Passing; Proficient now (short range) 
C


  Short-range understanding


C-


  Marginal performance with some


   elementary understanding 


D


  Failing; Definitely failed 




   to demonstrate understanding 

F


C.  WPR dates: WPRs occur during regular class periods on the dates listed in the course syllabus.  You need your instructor’s approval in order to miss/reschedule a WPR.

D.  Problem Sets:  As shown on the class schedule, there are eight (5) problem sets during the course.  The problem sets are due at the start of the indicated class.  You must document them just as you would other graded homework (see note on documentation, below).  We will assess late penalties IAW the course late homework policy (problems submitted anytime within the 48 hours following the due date/time will receive a 10% penalty per day and problems submitted beyond the 48 hours after the due date/time will receive a grade of 0; however, the assignment must still be submitted as per duty requirements.  Any extenuating circumstances must be coordinated and discussed with the faculty involved before the event, if possible).  We will post the problem set requirements and point values on the course website.  

E.  Documentation:  You must properly document all graded homework in accordance with USMA’s Documentation of Written Work.  You will not receive a final grade on a submission until the submission is complete, including documentation.  If your documentation is incomplete, your instructor will contact you to fix the problem and will subject your graded homework to a reduced grade until the homework is properly documented.
It is appropriate to work with others on homework problem sets, but it is equally appropriate to acknowledge assistance.  The best strategy, should you be working with others, is to gain their insight, document exactly what you gained, and then write up your own solution strategy.  Never “lift” electronic material.  

While we live by Documentation of Written Work, there is more to academic integrity than legalistic phrases; there is the spirit of learning wherein academic integrity is a form of personal integrity.  It is good and proper to say you worked with another person in the development of your understanding and learning.  Thus, you “must document all sources and assistance, and acknowledge ideas not your own.”  We reiterate, to document means to specifically indicate what the idea was, what you learned from the source, and how you used it.  Moreover, submitting work (either textual or using a program such as Mathematica) that is not your own, even with modified values or parameters, shows no evidence of original thought and probably would merit zero credit.  So what are you to do?  If you get some help, build upon it, make it your own by the way you communicate it, write it up, and include it.  

Document with specificity – convey to your instructor exactly the help you received, and convey how you used that help.  Documentation is not to be vague, e.g., “Visual inspection of CDT Joll’s solution.” or “CDT Joll told me how to model this situation.”  Rather, your documentation must be very specific.  For instance, “CDT Joll told me the difference between the DSolve and NDSolve command in Mathematica, and I used the appropriate one in each case based on that advice” or “CDT Joll mentioned that this model needed to reflect damping, so I asked him how to do that, and he told me to insert a c*y’(t) term in my force balance and in turn in my mathematical model.” 
Documenting properly, in itself, gives you a sense of pride that you are an honorable person.  Cadets have taken great pride in their documentation; let us continue that tradition.  
F.  References:  The course text is Advanced Engineering Mathematics, 9th Edition, by Erwin Kreyszig and published by John Wiley & Sons, Inc. in 2006.  All cadets will purchase a copy of this book.  We selected it primarily for its readability and its extensive use of example problems so that you can get the most out of your reading assignments before coming to class.  You may also receive reading assignments from texts you used in earlier classes.

G.  Solutions:  Solutions will be posted on the course website.  (Again, note that graded assignments will receive no credit once the solution is posted.)
H.  Additional Instruction:  Your instructor is always available for AI but you should schedule AI in advance when possible.  If you are in need of assistance, during the times before and after class, phone and e-mail are the most effective ways to contact instructors.  Your instructor will provide you with additional information on their personal AI policy.  You are responsible for the material covered in each lesson.  Should you miss a lesson, it is in your best interest to make arrangements with your instructor to receive AI on the missed lesson after you have studied the material in question.  The best source for class notes is from other cadets in your section.  

