
Money is Funny, or Why Finance
is Too Complex for Physics
Arriving at the Laws of Finance

V irtually all conventional theoretical models of economic phenomena and, per-
force, all mainline academic models of finance, rest upon a metaphor drawn
from classical physics. The dialogue presented here shows why such mathe-

matical and computational pictures of the world of finance—including even the
newest metaphors from modern physics involving such things as chaotic processes—
are forever doomed to fail as valid portrayals of the way real investors behave and the
way real financial markets operate. The conclusion emerging from these delibera-
tions is that financial modelers would be far better off consulting a biology book than
a physics text for their metaphorical inspirations—finance is just too complex for
physics.

THE SCENE

Event: The annual meeting of the Transworld Society for Science, Truth, and
Beauty in Modeling

Date: Sometime in the very near future
Setting: A panel discussion on “Mathematical and Computer Modeling of Eco-

nomic and Financial Processes—Science or Alchemy?”
Theme: Is physics a suitable metaphor upon which to base models aimed at

explaining and/or predicting the behavior of price movements on speculative
markets?
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financial decisions in real market environments
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academic training whatsoever, but an expert in making “the right connections” (and
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Dame Bea Wright: avant-garde sys-
tems thinker, modeler, intellectual gad-
fly and genera! iconoclast; originally
trained as a mathematician and com-
puter scientist, but now working as a
theoretical biologist and philosopher of
science

Panel Moderator

THE PANEL DISCUSSION
Moderator: Near the end of the Sec-

ond Epilogue of War and Peace, Tolstoy
remarks that, “Only by taking an infin-
itesimally small unit for observation
(the differential of history, that is, the
individual tendencies of men) and at-
taining to the art of integrating them
(that is, finding the sum of these infini-
tesimals) can we hope to arrive at the
laws of history.” Of course, in writing
this passage Tolstoy was merely echo-
ing the scientific attitude of his day, one
anchored firmly in the clockwork pic-
ture of the progression of worldly affairs
bequeathed to us by Newton, and en-
shrined in Newton’s famous laws of
motion governing the behavior of ma-
terial bodies. But to my eye it looks as if
by substituting the word “finance” for
“history,” Tolstoy’s statement would
serve equally well as a research mani-
festo for the mathematical and com-
puter modeling branch of the academic
finance community. Perhaps Professor
Walker would care to open our discus-
sion by commenting on this?

Prof. Walker: I don’t think any of us
here would deny that all economic ac-
tivity ultimately rests on the “individual
tendencies of men,” to use the phrase
from Tolstoy’s elegant formulation. And
it is certainly a truism that the sum total
of all these individual decisions and ac-
tions is exactly what ends up determin-
ing the price of a share of stock or a
barrel of oil. But financial modelers
have come a long way since the time of
Newton—and since the time of Tolstoy,
too, for that matter.

In the 1960s financial theorists dis-
covered earlier work by the Frenchman
Louis Bachelier, who around the turn of
the century was the first to study

mathematically the properties of price
changes of a speculative commodity.
Bachelier’s ideas led to what we now
call the “random walk hypothesis.” This
is the claim that price changes for any
commodity fluctuate randomly. As a re-
sult, theorists claim that a history of
such price information cannot serve as
the basis for any kind of trading
scheme, or rule, that can consistently
outperform the market as a whole, mea-
sured by, say, something like the S&P
500 index of stock prices on the New
York exchanges. “Souping up” the ran-
dom-walk theory by adding the notion
of an “efficient market,” essentially a
behavioral assumption about the way
investors make decisions, modern fi-
nancial theorists have strengthened
Bachelier’s ideas into the so-called effi-
cient markets hypothesis (EMH). Put
simply, the EMH states that no publicly
available information of any kind can
form the basis for a trading rule that will
regularly beat the market over a long
period of time.

Moderator: But doesn’t the EMH
rest on assumptions that are just trans-
lations into financial terms of many of
the very same assumptions underlying
the Newtonian models of how material
objects like planets and billiard balls be-
have?

Prof. Walker: Speaking as a former
physicist, I can hardly deny that. The
hypothesis of market efficiency is basi-
cally an equilibrium assumption, saying
that investors behave so that any imbal-
ance in supply and demand generated
by new information coming into the
market is immediately counteracted.
This kind of negative feedback effect
then acts to generate price movements
that tend to push prices toward a single,
global, stable equilibrium level at which

both buyers and sellers are satisfied.

And such a single, stable equilibrium is

definitely a central aspect of the New-

tonian picture of the movement of ma-

terial bodies.

Furthermore, the EMH assumes that

all investors act in a purely rational

manner on the basis of their expecta-

tions of future prices. More specifically,

the assumption is that each investor

forms an estimate of tomorrow’s price

and then acts today so as to maximize

his or her expected marginal return. So,

speaking loosely, you might say that the

rational expectations assumption is a

finance-world version of the principle

of minimal energy governing the behav-

ior of a system of Newtonian particles.

And, of course, the essence of the

whole EMH idea is that finance is not a

historical process, in the sense that the

particular path taken in arriving at to-

day’s price has no influence whatsoever

on what will happen tomorrow—just

like tomorrow’s position of the Moon is

determined only by where it is today

and not how it came to be in this loca-

tion. So if you want to think that these

features of the EMH suggest a kind of

physics-envy on the part of academic

finance theorists, you have my blessing.

After all, why shouldn’t we base our

models on those of physics? They are by

far the most well-developed, coherent,

and successful set of theories we hu-

mans have ever created for describing

in scientific terms the way the world

seems to work.

Mr. Jones: Maybe these theories do a

good job of describing the worlds of

black holes, planets, quarks, and billiard

balls. But if you’ll pardon the neolo-

gism, those Newtonian notions don’t

seem to fit my world of Realfinanz, at

all. In this world I see as much irratio-

nality and “group-think” as I do cool,

calculated, rational behavior. Person-

ally, I think this rational expectations

business is a lot of abstract “it in the

sky” invented by you professors of fi-

nance to debate at academic conven-

tions and write scholarly articles about.

Bachelier’s ideas led to what we
now call the “random walk

hypothesis.” This is the claim
that price changes for any

commodity fluctuate randomly.
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I don’t think it makes one bit of contact
with the way things actually work on the
floor of the exchange.

Col. Fees: Hrumph! Hrumph! I dare
say old boy I’m forced to agree with
you. Some of my clients are real boffins,
frightfully good chaps with numbers,
formulas, and that sort of thing. And
some of them have told me about vari-
ous stock market anomalies, things like
the Value Line enigma, the low price/
earnings effect and the small-firms phe-
nomenon, each of which certainly
seems to put the lie to the EMH. Why,
one of my American clients even says he
can forecast the long-term movement
of the market using the outcome of
their Super Bowl football game, what-
ever that is. Some sort of American
rugby I gather, not real football at all.
The fellow’s slightly barmy, if you ask
me. Nevertheless, he swears that this
Super Bowl indicator works more than
90 percent of the time. But even if it
doesn’t, I can hardly think of a more
irrational scheme for betting, err… I
mean investing, on the market. How
can football scores have anything to do
with stock prices? Sounds like a lot of
claptrap to me. Complete rubbish!

Moderator: Hmm, yes. Ah… thank
you very much, Colonel Fees. Let me
shift the discussion for a moment to one
of the most exciting new scientific ideas
to hit the world of theoretical finance
since the random-walk theory. Of
course, I’m referring to the claim that
price changes follow what the mathe-
maticians call a “chaotic” rule. A lot of
edge-of-the-frontier financial thinkers
currently seem to believe that there re-
ally do exist definite rules, or recipes,
according to which price histories are
generated in a fixed, even deterministic
way. But the problem is that whatever
the precise form of these rules may be,
the result of applying such a rule to past
prices leads to a chaotic, “incompress-
ible” sequence of numbers. So, al-
though a definite rule for price changes
may indeed exist, we could never hope
to make use of it in any practical way to
predict the future course of price move-
ments.

Mr. Jones: Why not? If we know the
rule, then it should be straightforward

to employ it to calculate what the mar-
kets will be doing next.

Moderator: The reason why such a
chaotic rule cannot be applied to past
price changes in order to predict future
ones is that the outcome of following
such a rule is pathologically sensitive to
any errors we make in measuring the
past price information or in carrying
out the computations called for by the
rule. In the language of physics, this
kind of prescription for price changes is
unstable in the worst possible way. So
even if we knew the exact form of the
rule (which we most assuredly do not),
since data are almost always known im-
precisely and computations are carried
out only to a fixed degree of precision,
the predictions obtained from following
this kind of chaotic rule rapidly degen-
erate to meaningless nonsense. Ironi-
cally, this unpredictability of price
changes is just what the random-walk
theory claims, too-but for very different
reasons. However, even if there is some
magical chaotic rule that really is the
one true mechanism by which market
prices fluctuate, I still wonder how it fits
in with the deeper issue of whether
physics— classical or chaotic—is a suit-
able metaphor upon which to build
valid models of the behavior of financial
markets. I know that Dame Wright
holds some rather definite views on this
matter.

Dame Wright: Indeed. To mathe-
matically represent price changes with
a model displaying chaotic behavior,
thereby thinking you’re making progress
in financial modeling, is like thinking
you’re making progress in getting to the
Moon by going out into your garden and
climbing a tree. Both show the same sin-
gular lack of understanding of the basic
nature of the problem.

Chaotic dynamical processes depart
in no essential way from the Newtonian

paradigm of a clockwork universe. Their
only novel feature, and the source of all
the recent brouhaha about “chaos” in
the popular and scientific press, is that
they display a new type of long-run be-
havior quite unlike that shown by more
traditional dynamical processes. Classi-
cal Newtonian systems have two types
of long-run behavior: (1) an equilibrium
point of the type a marble rolling
around inside a soup bowl ends up at,
or (2) a periodic orbit like the path the
Earth takes in its annual tour around
the Sun.

In addition to these classical types of
“attractors,” which were known even in
Newton’s time, chaotic processes can
show a third type of long-run behavior
called a “strange attractor.” Instead of
being points or closed orbits, strange
attractors look a lot like a bowlful of
spaghetti. This means that small, per-
haps unmeasurable— or even unknow-
able— disturbances to the system can
push the system trajectory from moving
along one strand of spaghetti to motion
along another. And in this way the pro-
cess goes off onto an entirely different
course of behavior. As our moderator
already mentioned, it’s this almost
pathological type of sensitivity to dis-
turbances that gives rise to the great
difficulties we have in predicting what a
chaotic system will do next. But the un-
derlying framework is still resolutely
Newtonian—and in exactly the sense
we spoke of earlier. All that’s been
added to Newton’s picture is this third
type of attractor.

Prof. Walker: Perhaps Dame Wright
would care to enlighten us by spelling
out just what she thinks a proper, 21st-
century non-Newtonian framework for
modeling financial processes should
look like?

Dame Wright: I’m glad you asked
that question, Professor Walker. Earlier
you told us that EMH-oriented financial
theorists regard finance as a nonhistori-
cal science. I often wonder how profes-
sors of finance can make such state-
ments with a straight face. It doesn’t
take much by way of deep analysis of
the literature or detailed study of the
behavior of actual markets to see that
this can’t possibly be the case. Future

A lot of edge-of-the-frontier
financial thinkers currently seem

to believe that there really do
exist definite rules, or recipes,

according to which price
histories are generated in a

fixed, even deterministic way.
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price changes are dramatically affected
by the particular path a market has
taken in getting to its present level. For
example, if the S&P 500 index stands at
370 today, it’s ludicrous to think that
tomorrow’s level doesn’t depend in cru-
cially important ways on exactly what
path events took leading up to the index
being at this level. I think anyone with
even a modicum of street smarts will
tell you that if the 370 level is reached in
a climate of steadily rising interest rates
and unemployment; that’s a totally dif-
ferent story than seeing the index at 370
against a background of declining inter-
est rates and increasing consumer con-
fidence. The big runup in stock prices in
early 1991 following the Gulf War is a
perfect example illustrating the point.
Of course, EMH advocates have con-
structed many devious schemes to try
to circumvent this glaring deficiency in
their financial Weltanschauung. But you
can’t sweep the dirt under the rug for-
ever. Eventually you’ve got to toss it into
the trash barrel. And that means creat-
ing a modeling paradigm that’s specifi-
cally designed for the peculiarities of
financial markets and human beings,
not billiard balls and planets. So the
first feature a non-Newtonian modeling
paradigm for finance should display is
some kind of provision for path-depen-
dence in its descriptive framework.

Mr. Jones: But what about things like
market crashes, tulip manias, and all the
other situations in which rapid, discon-
tinuous shifts in prices occur? Don’t you
think something like the chaos-type
models might be the best way to account
scientifically for these kinds of booms
and busts?

Dame Wright: Not necessarily. Any
dynamical process, chaotic or other-
wise, that admits both stable and unsta-
ble long-run behaviors can give rise to
such rapid, jerky kinds of shifts under
appropriate circumstances. And, in fact,
if you give me a set of price changes, I’ll
give you back an infinite set of rules
(i.e., models), all of which will repro-
duce your price history exactly. Good
models of reality give us genuine insight
into that reality, not just good agree-
ment with what’s been observed. And
the business of science is knowing the

why of things, not just the what or even
the when. So any type of recipe for price
movements that merely agrees with ob-
served past price histories is very far
from being a “good” model, at least in a
scientific sense.

Prof. Walker: But, but.
Dame Wright: Please allow me to

finish. I’m not saying that these chaos-
based models are necessarily on the
wrong track; I’m saying simply that they
don’t as yet make explicit provision for
the sort of explanatory features that a
good mathematical reflection of market
reality should display. Or, at least, what
a model should contain if it’s to give us
any genuine insight into what’s hap-
pening in these markets and why. For
example, not only are the current mod-
els inherently nonhistorical, they are
also pitifully inadequate when it comes
to their built-in assumptions about the
psychology of market participants, as
both Mr. Jones and Col. Fees have al-
ready mentioned in connection with
the rational expectations fairy tale.

Moderator: You’ve raised a vitally
important point regarding the way real-
life investors behave when faced with
real financial decisions. Professor Till is
well known for his ingenious experi-
ments aimed at determining just exactly
how these real investors do in fact be-
have when hard cash is on the line.
Could you please tell us about some of
your findings, Professor?

Prof. Till: Ja. It is my pleasure. We
have built a mini-exchange in our lab-
oratory mit students playing on this
market with real money. What we have
discovered is that speculative “bubbles”
come always, even when traders know
the market price is far above the funda-
mental stock value. These bubbles, they
are caused by inexperienced and over-
eager traders. When we try to remove

these bubbles by adding futures trad-
ing, margin buying, short selling and
rules to stop trading when the market
falls by a certain amount-what the press
calls “circuit breakers”—we find that
only futures trading reduces the size
and duration of these bubbles. It is
funny that circuit-breaker rules actually
make these bubbles bigger and last
longer-before the big crash.

Col. Fees: Jolly good, Professor.
Maybe your results will convince the
SEC and other market meddlers that the
brokers were right after all, and that
these circuit-breaker rules only make
markets more volatile, not less.

Mr. Jones: Tell us, Professor, what
have you discovered about the behavior
patterns of individual traders?

Prof. Till: We have discovered that
traders get carried away in rising mar-
kets, bidding prices up instead of buy-
ing on fundamentals like price/earnings
ratios or expected dividends.

We also made a very important em-
pirical discovery. We discovered that in-
dividuals do not maximize utility in the
way economists think. Standard theory
tells us that an individual makes choices
to maximize marginal utility. This
means that choices are made so that we
tend toward an equilibrium state in
which equal margins of satisfaction
come from each possible activity. This
is the principle of maximal marginal
utility. We find this assumption is com-
pletely wrong.

Our experiments show that traders
tend to maximize average utility, not
marginal. What this means is that they
use a nonstandard formula to discount
time. Standard theory says time is dis-
counted at a constant rate; we find that
time is discounted at a hyperbolic rate.
So rewards not only take on different
values at different times in the future,
they lose value at different rates too.
This kind of discounting predicts that
traders will initially act rationally; but
eventually they will fail to do so.

Mr. Jones: But why would traders
follow such a discounting rule? It seems
that by doing this they are acting
against their own selfish interests, giv-
ing up gains that they could have re-
ceived through maximizing marginal

This means that choices are
made so that we tend toward an
equilibrium state in which equal

margins of satisfaction come
from each possible activity. This

is the principle of maximal
marginal utility.
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returns in favor of the lower returns
they get from this hyperbolic discount-
ing scheme, which maximizes only their
average utility.

Prof. Till: Ja. This is the key ques-
tion. Hyperbolic discounting is nonop-
timal—maybe! The problem is with how
you measure what is optimal. We think
that the solution is that it is much easier
to calculate average utility than mar-
ginal. So we believe that although mar-
ginals are needed for truly rational be-
havior, they are hard to compute. Most
people lack the information and analyt-
ical power to compute them reliably.
Also, these marginals, they are very un-
stable; a small mistake in the data or in
the computation, it leads to a big error
in the end result. So we think that over
the millennia evolution has favored the
computation of average utility, not mar-
ginal. This means that investors, they do
not act like rational expectations theory
says.

Moderator: So would you conclude,
Professor, that another crucially impor-
tant feature that a new framework for
financial modeling should incorporate
is some replacement for the rational ex-
pectations hypothesis?

Prof. Till: Jawohl! What we need is
some new way to represent how traders
really form expectations of the future.

Dame Wright: Perhaps a helpful way
to think about this matter is to say we
need to inject a form of self-reference
into the paradigm for finance. I think
even Professor Walker would agree that
every trader has some kind of internal
mental model of both the market and
himself, which he runs on a time scale
faster than real time in order to gener-
ate his individual expectation for the
future. Our non-Newtonian view of fi-
nancial markets should explicitly incor-
porate these self-referential models
somehow, as well as include learning
procedures by which these models get
updated. The rational expectations hy-
pothesis neatly does away with this
problem by the crude expedient of just

assuming that all traders use the same
maximal-marginal-return model for the
future and, moreover, that the model is
never updated. But we know that not
everyone has the same attitudes toward
risk, nor do people fail to learn from
past experience. So again we find the
conventional wisdom of the EMH being
more of an academic fantasy than an
account of how the players act in any
real financial market.

Prof. Walker: Naturally, we always
simplify real-life situations for the sake
of arriving at a formulation of the prob-
lem that we can work with. It would be
totally impractical, if not impossible, for
our models to account explicitly for ev-
ery trader’s personal picture of the mar-
ket and himself. Scientific theories and
models are always simplifications of the
real thing. And the rational expectations
hypothesis is just such a simplification.

Dame Wright: I think it was Einstein
who once remarked, “A theory should
be as simple as possible-but no sim-
pler.” By this, I think what he meant was
that what separates a good theory from
a bad one lies in the choice of the fea-
tures of the real situation to include in
the theory and what aspects to leave
out. In my opinion, the traditional
EMH-based models of financial mar-
kets, including the ones based on cha-
otic dynamics, end up throwing out the
baby with the bathwater.

Moderator: Well, I see our time is
running short. So I’m afraid I’ll have to
bring this very thought-provoking dis-
cussion to a close. But before doing so,
let me try to summarize what’s been
said here today.

My sense of the discussion is that the
conventional physics-based paradigm

for modeling the price changes on spec-

ulative markets is in deep trouble, epis-

temologically speaking at least. Some

radically new framework, or paradigm,

seems to be called for that would, at the

bare minimum, incorporate the follow-

ing features: (1) positive (i.e., deviation-

amplifying) feedbacks, thereby admit-

ting the possibility of processes having

both stable and unstable modes of

long-run behaviors, (2) path-depen-

dence of price changes, (3) new behav-

ioral assumptions replacing the notion

of strict rationality, and (4) the self-ref-

erential, anticipatory models of individ-

ual traders.

When I look at this list of desiderata, I

can’t help thinking that what we’re talk-

ing about here is a modeling metaphor

that’s a lot closer to something we might

see in a biology book than what’s on offer

between the covers of a physics text—

classical or modern. Somehow it seems as

if the physics-based frameworks are just

too simple, in Einstein’s sense, for the real

world of finance. If we’re ever going to get

a scientific handle on the ways of finan-

cial markets, let alone on the larger uni-

verse of social and behavioral phenom-

ena, it looks as if we’ll be forced to move

away from the realm of the simple sys-

tems of physics and confront complex

systems head-on. From what we’ve heard

from the panel today, finance is just too

complex for physics.

Now let me thank the participants

for taking time today to give us their

views on this fascinating topic. Perhaps

we can continue this discussion at next

year’s TSSTBM meeting. Hopefully, by

then some of today’s discussants, or

even some of you in the audience, may

have new ideas and research results to

share with us about how to deal with

the complexities of finance. So until

then, I wish you all the best of luck in

your individual gropings and copings

with complexity—wherever and when-

ever you stumble over it!

Somehow it seems as if the
physics-based frameworks are

just too simple, in Einstein’s
sense, for the real world

of finance.
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