S9: Financial Physics (CJ. Foot, TT 2011, Oxford Physics)

Summary: An introduction to the physics-based approach to finance theory (so-called ‘Econophysics’).
This interdisciplinary field aims to apply ideas and mathematical techniques developed in physics
(particularly those related to statistical mechanics) to improve our understanding of the empirically observed
fluctuations in global financial markets. Emphasis is placed on the extent to which asset prices deviate from
random walk behaviour, the development of microscopic models which may help to explain these
deviations, the minimization or hedging of financial risk and the phenomenon of financial crashes. The
course covers the main shortcomings of standard finance theory, new approaches and techniques introduced
by physicists and some ideas concerning complex systems.

Introduction

This course follows the book written by the previous lecturer Neil Johnson (and his co-authors) [1]; the
lecture notes are essentially the typescript of the book (excluding chapter 5 of the book; lecture handout 5
contains new examinable material). Chapters 6 and 7 of the book contain more advanced material with some
very useful insights. The exam questions on the Short Option papers: 2002 -2006 (inclusive) are useful for
revision and this year’s paper will be similar in style (and content). The ordering of material in lectures will
be (where numbers refer to sections of the book): this Introduction; 1 to 2.4.2; 6.1, 6.2 (Figs. 6.1 — 6.4); The
binomial tree model; 2.4.3 to 4.8.2, part of chapters 6 and 7 will be covered). The only material not directly
contained in Johnson et al’s book is: i) this Introduction, and ii) The binomial tree model: a simple example
of pricing financial derivatives which closely follows reference [2].

This course uses the same notation as in the book and past exams (with a few exceptions) but this appears
not to be standard notation in the field, e.g. as found on the Wikipedia entry about the Black-Scholes
equation, or the course on Financial Mathematics given in the Maths Dept [2]. The course in Maths is more
conventional (and more restricted in scope)—it involves a rigorous treatment of the Black-Scholes equation
and a lot of the fiddly mathematical details that arise when applying it various cases—whereas this course
concentrates on understanding the principles in the simplest case. References [3-6] are for interest only
(NOT part of this course); these papers by Neil Johnson and coworkers illustrate the great range of
applicability of the ideas of complexity. There are many other fascinating papers in econophysics, e.g. by
Doyne Farmer at the Santa Fe Institute (arXiv:1005.4976, An empirical study of the tails of mutual fund
size, and arXiv:0908.1555, Leverage Causes Fat Tails and Clustered Volatility). Finally, it is worth noting
that there are strong critics of the (mis)application of financial mathematics, e.g. by Nassim Taleb author of
The Black Swan, and there is a vigorous ongoing debate between econophysicists and economists.
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