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DisclaimerDisclaimer

The views and opinions expressed in this presentation 

are those of the author only, and do not necessarily 

represent the views and opinions of AlphaSimplex 

Group, MIT, or any of their affiliates and employees. The 

author  make no representations or warranty, either 

expressed or implied, as to the accuracy or 

completeness of the information contained in this 

article, nor is he recommending that this article serve as 

the basis for any investment decision.  This presentation 

is for information purposes only.
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Foundations of Modern EconomicsFoundations of Modern Economics

Origins of Modern Economics

§ Physics (Samuelson, 1947)
§ Samuelson (1998):

Perhaps most relevant of all for the genesis of Foundations, Edwin Bidwell 

Wilson (1879–1964) was at Harvard. Wilson was the great Willard Gibbs's last 

(and, essentially only) protege at Yale. He was a mathematician, a 

mathematical physicist, a mathematical statistician, a mathematical 

economist, a polymath who had done first-class work in many fields of the 

natural and social sciences.  I was perhaps his only disciple… I was vaccinated 

early to understand that economics and physics could share the same formal 

mathematical theorems (Euler's theorem on homogeneous functions,

Weierstrass's theorems on constrained maxima, Jacobi determinant 

identities underlying Le Chatelier reactions, etc.), while still not resting on 

the same empirical foundations and certainties.
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Foundations of Modern EconomicsFoundations of Modern Economics

Physics Approach In Economics Led To:

§ Utility theory, revealed preference (Samuelson)

§ General equilibrium theory (Arrow, Debreu)

§ Game theory (Harsanyi, Nash, Selten)

§ Rational expectations (Lucas, Muth, Sargent)

§ Option-pricing theory (Black, Merton, Scholes)

§ Efficient markets (Fama, Samuelson)

“Prices fully reflect all available information”
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§ Rationality is not supported by the data

§ Cognitive and behavioral biases

– Loss aversion, anchoring, framing

– Overconfidence

– Overreaction

– Herding

– Mental accounting

Behavioral Critique of Efficient MarketsBehavioral Critique of Efficient Markets
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Behavioral Critique of Efficient MarketsBehavioral Critique of Efficient Markets

Even Samuelson (1947) Had Reservations:

…[O]nly the smallest fraction of economic writings, theoretical and applied, 

has been concerned with the derivation of operationally meaningful theorems.  

In part at least this has been the result of the bad methodological 

preconceptions that economic laws deduced from a priori assumptions 

possessed rigor and validity independently of any empirical human behavior. 

But only a very few economists have gone so far as this.  The majority would 

have been glad to enunciate meaningful theorems if any had occurred to 

them.  In fact, the literature abounds with false generalization.

We do not have to dig deep to find examples.  Literally hundreds of learned 

papers have been written on the subject of utility.  Take a little bad 

psychology, add a dash of bad philosophy and ethics, and liberal quantities of 

bad logic, and any economist can prove that the demand curve for a 

commodity is negatively inclined.
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Risk Vs. UncertaintyRisk Vs. Uncertainty

Urn A Contains 100 Balls:

§ 50 Red, 50 Black

§ Pick A Color, Then Draw A Ball

§ If You Draw Your Color, $10,000 Prize

§ What Color Would You Prefer?

§ How Much Would You Pay To Play?
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Risk Vs. UncertaintyRisk Vs. Uncertainty

Urn A Contains 100 Balls:

§ Proportion Unknown

§ Pick A Color, Then Draw A Ball

§ If You Draw Your Color, $10,000 Prize

§ What Color Would You Prefer?

§ How Much Would You Pay To Play?

Knight’s (1921) Dichotomy of Risk vs. Uncertainty
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New Taxonomy of Risk and UncertaintyNew Taxonomy of Risk and Uncertainty

Our Extension of Knight’s Dichotomy:

§ Level 1:  Complete Certainty

§ Level 2:  Risk without Uncertainty

§ Level 3:  Fully Reducible Uncertainty

§ Level 4:  Partially Reducible Uncertainty

§ Level 5:  Irreducible Uncertainty
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Simplest Non-Trivial Physical Model:

§ Motion of an idealized spring without friction

§ Hooke’s Law:  F = − k x

§ Remarkably powerful and general
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Simplest Non-Trivial Physical Model:

§ Apply F = ma to this relation:

Level 1:  Certainty   ⇒⇒⇒⇒

§ At t = 3.5, we know

x = 1.7224
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 2:  Risk without Uncertainty   ⇒⇒⇒⇒

§ At t = 3.5, we know

Prob( x∈[1.4284, 2.0164]) = 5%
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 3:  Fully Reducible Uncertainty

§ Distribution of          unknown but stationary

and ergodic

²( t )
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 3:  Fully Reducible Uncertainty   ⇒⇒⇒⇒
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 4:  Partially Reducible Uncertainty 

§ Two-state Markov-switching process

§ Observer is unaware of the DGP  ⇒
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 4:  Partially Reducible Uncertainty 

⇒

⇒

⇒
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 4:  Partially Reducible Uncertainty 



© 2010 by Lo and Mueller

All Rights Reserved
4/24/2010

Physics Envy

Slide 18

An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 5:  Irreducible Uncertainty (Unknowable)

§ The “aliasing” or “identification” problem

§ Many models may fit the same data, and no possibility 

of conducting controlled experiments

§ This is a major factor in irreducible uncertainty
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An Example:  The Harmonic OscillatorAn Example:  The Harmonic Oscillator

Level 5:  Irreducible Uncertainty (Unknowable)

P

Q

S2
S3

S4

S1

D2

D1

D3

D4

E1
E2

E3
E4



© 2010 by Lo and Mueller

All Rights Reserved
4/24/2010

Physics Envy

Slide 20

The Full Spectrum of UncertaintyThe Full Spectrum of Uncertainty

Applies to Fields of Knowledge:

1. Complete Certainty

2. Risk without Uncertainty

3. Fully Reducible Uncertainty

4. Partially Reducible Uncertainty

5. Irreducible Uncertainty

Mathematics

Physics

Chemistry

Biology
Economics
History
Philosophy
Religion
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Applying the Taxonomy of UncertaintyApplying the Taxonomy of Uncertainty
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ConclusionConclusion

Physics Envy Can Be Hazardous To Your Wealth

§ Consequence of assuming incorrect level of uncertainty

§ Multiple levels of uncertainty may apply simultaneously

§ Complete risk management protocol includes all levels

§ As knowledge accrues, uncertainty decreases

§ As expertise departs, uncertainty increases

Do You Know Where Your Uncertainties Are?
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