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PREFACE

This set of lecture notes has its origin in a nearly incomprehensible course in inverse
theory that I took as a first-semester graduate student at MIT. My goal, as a teacher and in these
notes, is to present inverse theory in such a way that it is not only comprehensible but useful.

Inverse theory, loosely defined, is the fine art of inferring as much as possible about a
problem from all available information. Information takes both the traditional form of data, as
well as the relationship between actual and predicted data. In a nuts-and-bolt definition, it is one
(some would argue the best!) way to find and assess the quality of a solution to some
(mathematical) problem of interest.

Inverse theory has two main branches dealing with discrete and continuous problems,
respectively. This text concentrates on the discrete case, covering enough material for a single-
semester course. A background in linear algebra, probability and statistics, and computer
programming will make the material much more accessible. Review material is provided on the
first two topics in Chapter 2.

This text could stand alone. However, it was written to complement and extend the
material covered in the supplemental text for the course, which deals more completely with some
areas. Furthermore, these notes make numerous references to sections in the supplemental text.
Besides, the supplemental text is, by far, the best textbook on the subject and should be a part of
the library of anyone interested in inverse theory. The supplemental text is:

Geophysical Data Analysis: Discrete Inverse Theory (Revised Edition)
by William Menke, Academic Press, 1989.

The course format is largely lecture. We may, from time to time, read articles from the
literature and work in a seminar format. I will try to schedule a couple of guest lectures in
applications. Be forewarned. There is a lot of homework for this course. They are occasionally
very time consuming. I make every effort to avoid pure algebraic nightmares, but my general
philosophy is summarized below:

I hear, and I forget.
I see, and I remember.
I do, and I understand.
— Chinese Proverb

I try to have you do a “simple” problem by hand before turning you loose on the computer,
where all realistic problems must be solved. You will also have access to existing code and a
computer account on a SPARC workstation. You may use and modify the code for some of the
homework and for the term project. The term project is an essential part of the learning process
and, I hope, will help you tie the course work together. Grading for this course will be as
follows:

60% Homework
30% Term Project
10%  Class Participation

Good luck, and may you find the trade-off between stability and resolution less traumatic
than most, on average.

Randy Richardson
August 2009



