MA 355: Intro Lecture

Who am I?

Ph.D Physics, Postdoc meteorology, Seven years as a Senior Software Engineer for NASA (satellite ground systems), and a product firm (biomedical imaging)

Four years teaching: second time in this class.

Used the material professionally in all three fields (physics, meteorology, instrument design)

What is This Class?

How to do math on a computer.  The bar tends to be high: math calculations, unlike, say GUI design, offer zero or negative value if not perfect.  Furthermore, if the math problem is easy enough to solve with pencil and paper, it usually is.

· Used in research (all fields)

· Used in instrument design for biotech, remote sensing (weather, military, biometrics, etc.)

· Used in control systems

· Used in image processing and game design

Why do you have to take this class?

· If you ever work as a developer in an instrument or research field, you’ll either be doing this stuff or working on a team with someone who does: either way, you need the basics, and a foundation to build on
· It is where software came from, and continues to show up at the foundations of many fields.
· Jobs
What do we really need to know?

· What numerical techniques are in the standard toolboxes (like MATLAB) 
· Which items in the toolbox to use? 
· What can go wrong? How do I spot it in time?  
· What to do if I don’t have a toolbox (toolboxes are often expensive, especially in product development)

Where won't I use it?

· Web and database development 
· MIS
What is hard about this class?

· Usually used only on math problems too hard to solve with pencil and paper. 

· Have to know the math to know what to do, and to know when to debug your code.  Hard to do when the math problem is hard!

· Class is a foundation for future applications, most of which take months to learn.  So it often is hard to see how often you’ll actually need to know material.

Pass out and discuss Syllabus: specifics include

Class Format

· We’ll have a theory section, and a practice section, each class.  How long have for each will vary from week to week.

· There will be weekly homework problems: usually 2-3 paper-and-pencil problems from the book, and a short programming assignment.

· There will be two midterm, and one final exam.

There will also be two programming projects that are rather longer than the weekly short programming efforts.

What will we cover, and what will we leave for later classes?

· The field is about 1/3 matrix algebra, 1/3 numerical solution of partial differential equations, and 1/3 miscellaneous techniques.  

· Since the miscellaneous techniques and the PDE’s depend heavily on the matrix algebra, we’ll do the bulk of our work there

· We’ll cover the techniques of Ordinary Differential equations, which are a lot simpler, and are a necessary precursor to PDE’s.

PDE’s require a lot of extra math, and are usually covered in the second semester of a two semester course, so we’ll pass on them.

Review of Calculus (section 1.1)

Section 1.1

Equation 9

Definition of a derivative (plus figures)
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Taylor’s Series (equation 16, on homework)

For well behaved functions (have enough derivatives), we can write (take it on faith)
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For example, let
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then the derivatives of f(x) are
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etc.  Suppose we wish to know the value of f(x) at x= 0 +a, where a is some number.  We can compute the “Taylor’s Series of sin(x) about 0” as follows: in our expansion above, let x=0, and a=a.  
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If a is small (less than 1), large powers of a are even smaller.  The extra terms can’t be large, and can therefore be neglected.  The error is usually estimated as being “of the order of magnitude”, or “Big Oh”, of the first nonzero missing term.

This is a remarkable result: sin(x) and it’s derivatives are easy to evaluate at a few points (0, for example), and hard to evaluate, mathematically, everywhere else (even though calculators make it look easy).b  But through Taylor’s Series, we can come up with a close approximation around each of those “easy” points, the way we have done above.  (This is how calculators and java.lang.math actually do it internally, more or less).

Taylor's series will get heavy use in this class: more than you can yet see.

MATLAB

Appendix in your book: tutorial, help window, and helpdesk in program (helpwin is the command to start:).  Fire up the machines.

I don’t expect to cover everything you need to know in MATLAB plug and chug: this is a senior level course.  Just as in the real world, you have a toolbox, and will have to learn how to make it work for you.  Meanwhile.

· Helpdesk, Helpwin.  Include tutorials, examples, search functions.

· variable definition is implicit: can assign x=3

· variable evaluation is accomplished by not putting an ‘= ‘ sign on the line

· Simple equation solution: x = 3, y = 4: evaluate 40x + 15y

· Scalars, vectors

Vectors (called arrays in C++, Java) are defined by square braces: the individual elements are separated by spaces

X = [1 2 3]

Y = [1 4 9]

· Most math functions you can imagine (sin, exp, .. .) are built in.

Sin uses radians, not degrees.  E.g., sin (pi/2) = 1.  Sin(90) = ?

Exp is the exponential function.  If you’re not familiar with it, you will be.

· Plotting

Plot(y) where y is a vector plots y against its index

Plot(x,y) where X and Y are vectors makes a plot by connecting the dots of all x-y pairs

Control the linewidth by entering plot(x,y, ‘LineWidth’, 2)

Apply the xlabel, ylabel, title commands

· Print, export as jpeg

Homework Assignment
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