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1.  The Use of Mathematics in Physics 
 
The aim of this paper is to compare the use of mathematics in physics and in economics.  
So I will begin in the first section by considering the case of physics.  I will claim that 
mathematics has been used in physics to obtain (i) precise explanations and (ii) 
successful predictions. 

A ‘precise explanation’ can be characterised as follows.  Suppose physicists are 
studying a particular phenomenon, and connected with this phenomenon there is a 
parameter, θ say, which can be measured very precisely.  If there is a mathematical 
theory, T say, of the phenomenon in question from which a theoretical value for θ can be 
derived, and, if this theoretical value agrees with the observed value within the limits of 
experimental error, then T gives a precise explanation of θ. 

A famous example of a precise explanation concerned the motion of the 
perihelion of the planet Mercury.  The perihelion of a planet is the point at which it is 
closest to the Sun.  The motion of the perihelion of Mercury was calculated using 
Newtonian theory in the 19th century, but the theoretical value differed from the observed 
value by a small amount.  Newcomb in 1898 gave the value of this discrepancy as 41.24´´ 
+ 2.09´´ per century; that is, less than an eightieth part of a degree per century.  This is a 
tiny anomaly, and yet even this anomaly was successfully explained by the general theory 
of relativity which Einstein introduced in 1915.  Einstein’s calculations using his new 
mathematics gave a value for the anomalous advance of the perihelion of Mercury as 
42.89´´ per century – a figure well within the bounds set by Newcomb.   

Let us now turn to successful predictions.  A very nice example here is Maxwell’s 
prediction of the existence of radio waves.  James Clerk Maxwell carried out research 
into electricity and magnetism in the period from 1855.  He published his results in 
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definitive and rigorous form in his famous Treatise on Electricity and Magnetism in 
1873.  In this work he formulated a number of equations, now known as Maxwell’s 
equations, which apply to electrical and magnetic phenomena.  One consequence of these 
equations was that there should exist electromagnetic waves travelling at the velocity of 
light.  This led Maxwell to postulate that light was an electromagnetic radiation.  
However, his equations also indicated that there should [351] (Numbers in square 
brackets are the page numbers of the published version.) be electromagnetic waves 
having a much longer wavelength than light.  These electromagnetic waves, now known 
as radio waves, were generated by Heinrich Hertz in 1887.  It is worth noting that 
mathematics played an essential role in the work of both Maxwell and Hertz.  Maxwell’s 
prediction of radio waves was only possible using his complicated mathematical 
equations, and Hertz also used Maxwell’s equations to devise a method for generating 
radio waves. 

Another example of the use of mathematics in physics to obtain a successful 
prediction is provided by Pauli’s prediction of the existence of the neutrino.  Pauli 
postulated the existence of a new particle in 1930 as a result of his mathematical study of 
the radioactive phenomenon of β decay.  Pauli’s mathematical calculations showed that 
the laws of conversation of energy, momentum, and angular momentum were not 
satisfied in β decay, if account was taken only of the particles which had so far been 
observed.  Pauli therefore postulated that there must be a hitherto unobserved particle, 
whose characteristics would preserve the conservation laws.  This particle was named 
‘the neutrino’ by Fermi in 1934 when he developed Pauli’s theory of β decay.  Neutrinos 
were detected for the first time in 1956. 

We see from these examples, and of course many more could be given, that 
mathematics has been used in physics to obtain precise explanations and successful 
predictions.  Let us now turn to the case of economics.  
 
 
2.  A Complication caused by the many Different Schools of Economics 
 
Economics presents a complication which does not occur in physics.  There is a 
consensus within the physics community about the fundamental principles of their 
subject.  Virtually all contemporary physicists accept relativity theory and quantum 
mechanics.  In Kuhnian terms they share a paradigm.  The situation is very different in 
economics.  The economics community is divided into different schools.  The members 
of each of these schools may indeed share a paradigm, but the paradigm of one school 
can be very different from that of another.  Moreover the members of one school are 
often extremely critical of the views of members of another school. 
 
The school of economics which has the most adherents at present is neoclassical 
economics.  The majority of economists are neoclassical, and this approach can justly be 
referred to as the mainstream.  Indeed Weintraub says1, p. 1: 
 
“When it comes to broad economic theory, most economists agree. … ‘We’re all 
neoclassicals now, even the Keynesians,’ because what is taught to students, what is 
mainstream economics today, is neoclassical economics.” [352] 



 3 

 
There is some truth in what Weintraub says here, and yet he also exaggerates in some 
respects.  While most economists are indeed neoclassicals, there is a small, but very 
vocal, minority who reject the neoclassical approach completely.  They are known as 
heterodox economists.  Weintraub is also correct to say that some Keynesians do accept 
neoclassical economics.  Versions of Keynes’ original theory have been produced which 
fit in with the neoclassical framework.  This is known as the neoclassical synthesis.  
However, Keynes himself did not accept neoclassical economics, and many Keynesians 
both in the past and today have been sharply critical of neoclassical economics.  

Of course Weintraub is aware of this, and he goes on to say2: 
 
“Some have argued that there are several schools of thought in present-day economics.  
They identify (neo)-Marxian economics, neo-Austrian economics, post-Keynesian 
economics, or (neo)-institutional economics as alternative metatheoretical frameworks 
for constructing economic theories.  To be sure, societies and journals promulgate the 
ideas associated with these perspectives. … But to the extent these schools reject the core 
building blocks of neoclassical economics … they are regarded by mainstream 
neoclassical economists as defenders of lost causes or as kooks, misguided critics, and 
antiscientific oddballs.  The status of non-neoclassical economists in the economics 
departments in English-speaking universities is similar to that of flat-earthers in 
geography departments:  it is safer to voice such opinions after one has tenure, if at all.” 
 
One can certainly agree with Weintraub that it is difficult for heterodox economists to 
obtain permanent posts in universities, and that, even if they do obtain such a post, they 
may well be treated badly by their neoclassical colleagues.  However, despite these 
handicaps, there still remain a significant number of heterodox economists who are active 
in the academic world.  They are divided into a number of schools.  Leaving out some of 
the ‘neos’, Weintraub mentions:  Marxist, Austrian, Post-Keynesian, and Institutionalist 
economists, and one could add some more.  There are Sraffian, or neo-Ricardian 
economists, who are followers of the Italian economist Sraffa who worked at Cambridge 
with Keynes, but developed his own system.  There are also evolutionary economists and 
economists who use complexity theory. 

Weintraub states correctly that neoclassical economists have a low opinion of 
heterodox economists, but equally most heterodox economists have a low opinion of 
neoclassical economics.  Every few years a book appears by one or more heterodox 
economists denouncing neoclassical economics as intellectual rubbish.  A well-known 
example of this genre is Steve Keen, Debunking Economics.  The Naked Emperor of the 
Social Science. London & New York: Zed Books 2001.  Steve Keen is a Sraffian 
economist.  The economics which he debunks is neoclassical economics.  According to 
him it is like the naked emperor of Hans Christian Andersen’s fairy tale.  Another more 
[353] recent example is Edward Fullbrook (Ed.),  A Guide to What’s Wrong with 
Economics. London: Anthem Press 2004.  This is a collection of papers by contributors 
most of whom criticize neoclassical economics very sharply.  The general scene in 
economics then, with its various schools which criticize each other harshly, is quite 
different from that in physics.  There just is no group of heterodox physicists who spend 
their time denouncing relativity theory and quantum mechanics as valueless theories. 
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The situation in economics which I have just sketched makes it difficulty to give a 
simple answer to the question of how mathematics is used in economics because different 
schools of economics have very different attitudes to mathematics.  There is one point on 
which nearly all economists agree, namely that mathematical statistics is useful for 
analysing economic data.  However, when it comes to the use of mathematics in 
constructing economic theories to explain the data, opinions differ.  Let us begin with the 
neoclassical school.  The neoclassicals have from the start been very favourable to the 
use of mathematics in economics.  Indeed the first neoclassical economist, Jevons, 
declared that economics should be a mathematical science.  This was at a time when 
mathematics was not much used in economics.  So the neoclassicals were responsible for 
the mathematization of economics.3  Most neoclassical economists today use a great deal 
of mathematics in their work. 

The mature Keynes, however, had a very different attitude to the use of 
mathematics in economics from the neoclassicals.  Keynes started his career as a 
neoclassical economist, but he abandoned this approach because he thought that 
neoclassical economics was unable to explain the Wall Street crash of 1929, and the great 
depression of the 1930s.  However, Keynes abandoned not only neoclassical theory, but 
also the neoclassical use of mathematics, though, as a wrangler in mathematics at 
Cambridge, he was himself well-trained in mathematics.  Keynes reached the conclusion 
that mathematics was not an appropriate tool for economics, and indeed that neoclassical 
economists were led astray by their use of mathematics.  In his most famous book, 
perhaps the most famous work of economics in the twentieth century, the General Theory 
of 1936, Keynes uses very little mathematics. 

Most members of the Post-Keynesian school follow Keynes in rejecting the use of 
mathematics in economic theory, though, the Keynesians who accept the neoclassical 
synthesis mentioned earlier, are prepared to used mathematics. 

The Sraffian school are happy to use mathematics in economic theorising.  Sraffa 
himself wrote a sophisticated work of mathematical economics (Production of 
Commodities by means of Commodities. Cambridge: Cambridge University Press 1960).  
Keen, who is a Sraffian, strongly [354] rejects neo-classical economics in his 2001 book4, 
but in chapter 12 of the book, wittily entitled:  ‘Don’t shoot me I’m only the piano’, he 
argues that the use of mathematics by the neoclassical school is not the problem, and that 
mathematics has a legitimate use in economic theory.  The Austrian economists, while 
sharing with neoclassical economists a love and admiration for the market, hold that there 
is little or no role for mathematics in economic analysis. 

In a short paper like this, I cannot analyse in detail the attitudes towards 
mathematics of all the various schools in economics.  So for the rest of the paper, I will 
focus exclusively on the use of mathematics in mainstream, that is, neoclassical, 
economics.  As the present section has indicated, this is a considerable simplification, but 
it is not altogether valueless, since, the majority of economists are neoclassical 
economists, and the overwhelming majority of mathematical economics has been carried 
out within the neoclassical paradigm. 
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3.  The Use of Mathematics in Mainstream (Neoclassical) Economics 
 
Neoclassical economics began in the 19th century, but, in this paper, I will confine myself 
to neoclassical economics since the Second World War.  In section 1 I argued that 
mathematics has been used in physics to obtain precise explanations and successful 
predictions.  This naturally raises the questions of whether the use of mathematics in 
mainstream economics since 1945 has produced any precise explanations or successful 
predictions.  My own reading of the literature of neoclassical economics has suggested 
the following conjecture.  The use of mathematics in neoclassical economics since 1945 
has produced no precise explanations or successful predictions.  This seems to me the 
main difference between the use of mathematics in physics and the use of mathematics in 
neoclassical economics. 

I say that this is a conjecture, and it is indeed a conjecture which is difficult to 
establish.  To do so in a strict sense, a researcher would need to read every single paper 
and book on mathematical neoclassical economics written since 1945, and to check 
whether this work contains a precise explanation or a successful prediction.  This is 
something which I have not done, and which would be a virtually impossible task.  The 
best that can be done is to propose a conjecture, and to invite others to produce counter-
examples, and I would certainly be very happy if anyone could send me an alleged 
counter-example to the conjecture for consideration. 

However, although it is very difficult to establish this conjecture, it is nonetheless 
possible to produce some evidence supporting it, and this is what I propose to do in the 
rest of the paper.  My idea is to examine the most well-known works of a selection of the 
most famous neoclassical economists in the period from 1945 [355] to the present.  
Surely if precise explanations and successful predictions have indeed been produced by 
mathematical neoclassical economists, they are likely to be found in a sample of this kind 
rather than in the papers of less well-known economists, perhaps published in obscure 
journals.  So if our sample yields no examples of precise explanations or successful 
predictions, this provides support for my conjecture.  

It is easy to select a sample of well-known neoclassical economists since Nobel 
prizes for economics have been awarded since 1969, and a good number of them have 
gone to practitioners of mathematical neoclassical economics.  Actually Nobel himself 
did not create a prize in economics, but in 1968 Sweden’s central bank established a prize 
in economics in memory of Alfred Nobel. 

I have chosen a sample of 4 mainstream mathematical economists who won the 
Nobel prize in economics.  They are the following, arranged by the date at which they 
won the Nobel prize. 
 
 
 
Name      Year of Nobel Prize in Economics 
 
Paul A. Samuelson      1970 
Kenneth J. Arrow      1972 
Gerard Debreu       1983 
Edward C. Prescott      2004 
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I will now examine some of their best-known works (books or papers) to see whether 
they contain any precise explanations or successful predictions.5 

Let us start with Paul Samuelson.  Perhaps his most famous work is his book 
Foundations of Economic Analysis, Cambridge: Harvard University Press 1947.  This is 
one of the classics of mathematical economics and has been widely used for teaching 
purposes in elite universities.  Let us ask how it compares with classics of mathematical 
physics.  As we have seen, one of the great successes of mathematical physicists 
consisted in their being able to use mathematics to calculate from their theories results 
which could be compared to observational data and which were found to agree with 
observational data to an often amazingly high degree of accuracy.  Now if mathematical 
economists are even to begin to emulate this success, the first step must be to use 
mathematics to calculate from their theories results which could be compared to 
observational data.  The extraordinary thing is that Samuelson in his classic book does 
not even take this first step.  The book consists, in the 1963 edition, of 439 [356] pages 
almost all of them filled with mathematical formulas, but not even one result is derived 
which could be compared with observational data.  Indeed there is no mention of 
observational data in the entire book.  One has to conclude that this book, far from 
emulating the successes of mathematical physics, seems more like a work of pure 
mathematics which lacks any empirical content whatever. 

Let us now go on to consider Kenneth Arrow and Gerard Debreu.  A joint paper, 
entitled:  ‘Existence of an Equilibrium in a Competitive Economy’, which they published 
in 1954 in Econometrica is regarded as one of the seminal papers in contemporary 
mathematical neoclassical economics.  To explain why this paper has such a central 
importance for contemporary neoclassical economists, we must introduce the concept of 
general equilibrium theory.   

Once again it is worth quoting Weintraub’s clear and concise account.  He says6: 
 
“Neoclassical economists conceptualized the agents, households and firms, as rational 
actors.  Agents are modelled as optimizers who were led to ‘better’ outcomes.  The 
resulting equilibrium was ‘best’ in the sense that any other allocation of goods and 
services would leave someone worse off.” 
 
In a neoclassical general equilibrium model, we have firms which arrange their 
production in order to maximize their profits, given the existing technology; and 
households which arrange their consumption in order to maximize their utility, given 
their income.  It is then shown that, if there is a market with free competition, this 
behaviour leads to an equilibrium which is Pareto-optimal.  The conclusion which is 
drawn from this result is that any interference with a freely competitive market will 
produce a sub-optimal outcome. 

The general equilibrium approach was introduced by Walras, and it has become 
the core of the neoclassical paradigm.  This explains incidentally why the noeclassicals 
had to introduce mathematics, because it is impossible to consider the maximisation of 
sums of quantities under constraints without using calculus.  Walras did indeed represent 
his economy as a system of simultaneous equations, but he was unable to show that these 
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equations have a solution.  The search for a solution was a problem which he bequeathed 
to his successors.  

Let us now examine what contribution Arrow and Debreu made to this problem in 
their famous 1954 paper.  They begin by saying that it has been established that a 
competitive equilibrium, if it exists, is Pareto-optimal.  In their words7 (p. 265): 
 
“It is well known that, under suitable assumptions on the preferences of consumers and 
the production possibilities of producers, the allocation of resources in a competitive 
equilibrium is optimal in the sense of Pareto (no redistribution of goods or productive 
resources can improve the position of one individual without making at least one other 
individual [357] worse off), and conversely every Pareto-optimal allocation of resources 
can be realised by a competitive equilibrium …”   
 
However, it still needs to be established that a competitive equilibrium exists.  They then 
go on to prove two theorems concerning the existence of a competitive equilibrium. 

One initial point which could be made is that an equilibrium, if it exists, might be 
unstable.  That is to say, if the economy moved for a moment into the equilibrium state, a 
slight disturbance would move it immediately away from equilibrium.  If policy 
conclusions are to be drawn, it needs to be shown that the economy moves into a stable 
equilibrium, since an unstable equilibrium would hardly be a satisfactory outcome.  Yet 
Arrow and Debreu do not show that their equilibrium is a stable one.  They say8: 
 
“Neither the uniqueness nor the stability of the competitive solution is investigated in this 
paper.  The latter study would require specification of the dynamics of a competitive 
market as well as the definition of equilibrium.”  
 
The next thing we have to examine is the realism of the assumptions under which the two 
theorems are proved, since if the assumptions are quite unrealistic, there is no reason to 
suppose that the theorems will hold for any actual competitive market.  Theorem I is the 
following9: 
 
“For any economic system satisfying Assumptions I-IV, there is a competitive 
equilibrium.” 
 
But what are these assumptions?  Curiously enough Arrow and Debreu themselves state 
that one of them (assumption IV) is clearly unrealistic.  They say10: 
 
 “The second half of IV.a. asserts in effect that every individual could consume out 
of his initial stock in some feasible way and still have a positive amount of each 
commodity available for trading in the market.  This assumption is clearly unrealistic.” 
 
The assumption in effect is that every individual in the economy possesses a positive 
amount of every commodity produced in that economy.  One could hardly imagine an 
assumption so obviously false and so outrageously unrealistic.  The need for such an 
assumption casts very great doubt on whether theorem I could be successfully applied to 
any competitive market. 
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Arrow and Debreu admit that this is the case, and they try to correct the situation 
by proving their Theorem II which states11: [358] 
 
“For an economic system satisfying Assumptions I-III, IV´, and V-VII, there is a 
competitive equilibrium.” 
 
Here assumption IV is replaced by IV´, and three additional assumptions V-VII are 
added.  But what is the new assumption IV´?  Arrow and Debreu explain it as follows12: 
 
“As noted … Assumption IVa, which states in effect that a consumption unit has initially 
a positive amount of every commodity available for trading, is clearly unrealistic, and a 
weakening is very desirable.  … IV´.a. is a weakening of IV.a.; it is now only supposed 
that the individual is capable of supplying at least one type of productive labor.” 
 
However, Arrow and Debreu immediately go on to describe a case in which the new 
assumption IV´ is not satisfied.  This is what they say13: 
 
“It is easy to see … how an equilibrium may be impossible.  Given the amount of 
complementary resources initially available, there will be a maximum to the quantity of 
labor that can be employed in the sense that no further increase in the labor force will 
increase the output of any commodity. … as real wages tend to zero, the supply will not 
necessarily become zero;  on the contrary, as real incomes decrease, the necessity of 
satisfying more and more pressing needs may even work in the direction of increasing the 
willingness to work despite the increasingly less favorable terms offered.  It is, therefore, 
quite possible that for any positive level of real wages, the supply of labor will exceed the 
maximum employable and hence a fortiori the demand by firms.  Thus, there can be no 
equilibrium at positive levels of real wages.  At zero real wages, on the contrary, demand 
will indeed by positive but of course supply of labor will be zero, so that again there will 
be no equilibrium.”   
 
This counter-example to one of their own assumptions, concerns an economy, suffering 
from chronic unemployment, in which the firms cannot increase their output of any 
commodity by employing more workers.  For such an economy, many of the unemployed 
workers will be unable to supply productive labor, and so assumption IV´ will not be 
satisfied.  Actually this case could easily occur for many real competitive economies.  For 
example, many developing economies may often be in this situation. 

We see from this that it is very doubtful whether the general equilibrium models 
presented by Arrow and Debreu apply to any real world competitive markets.  One might 
therefore expect that the two authors would go on to compare their models with data 
supplied by actual competitive markets to see if agreement can be found.  However, they 
do not do this.  On the contrary, they behave exactly like Samuelson.  They do not derive 
even one result which could be compared with observational data, and indeed do not 
mention observational data in their paper. [359] 

Our next Nobel prize laureate is Edward C. Prescott who won the Nobel prize for 
economics in 2004.  His most famous famous paper, entitled:  ‘The Equity Premium. A 
Puzzle’, was written jointly with Rajinish Mehra and published in 1985.  It is what is 
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called a seminal paper and gave rise to a very considerable literature.  In this paper an 
attempt is made to compare an Arrow-Debreu general equilibrium model of an economy 
with data obtained from a real economy, namely the US economy in the period 1889 to 
1978.  I will now give a brief account of the contents of this paper14.  

Let me first explain what is meant by the equity premium.  Investors can put their 
money into short-term virtually default-free debt, such as, to give Mehra and Prescott’s 
own example15, ninety-day U.S. Treasury Bills; or they can buy equities, i.e. shares in 
companies.  Now, as Mehra and Prescott say16: 
 
“Historically the average return on equity has far exceeded the average return on short-
term virtually default-free debt.” 
 
The difference in average returns is known as the equity premium, or sometimes as the 
equity risk premium.  The latter expression arises because it is thought that it is a greater 
risk to buy equities than virtually riskless government securities.  This greater risk can, 
however, be rewarded by the equity risk premium. 

Mehra and Prescott begin by estimating the equity premium for the U.S. economy 
in the period 1889-1978.  Their results are as follows17: 
 
 “The average real return on relatively riskless, short-term securities over the 
1889-1978 period was 0.80 percent. … The average real return on the Standard and 
Poor’s 500 Composite Stock Index over the ninety years considered was 6.98 percent per 
annum.  This leads to an average equity premium of 6.18 percent (standard error 1.76 
percent).”  
 
They then build a model of the Arrow-Debreu General Equilibrium type to try to explain 
this observed value.  Their model has 5 parameters: α, β, µ, δ, and ϕ.  β is by definition 
in the range 0 < β < 1.  µ, δ, and ϕ were estimated from18: “the sample values for the U.S. 
economy between 1889-1978. … The resulting parameter values were µ = 0.018, δ = 
0.036 and ϕ = 0.43.”  This leaves the parameter α which theoretically could take any 
value in the range 0 < α < ∞.  The meaning of this parameter is explained as follows19:  
“The parameter α … measures peoples’ willingness to substitute consumption between 
successive yearly time periods …”  [360] Mehra and Prescott go on to quote20 a series of 
estimates of α by a number of different authors.  These estimates are as follows: 
 
Arrow (1971)      α ≈ 1 
Tobin and Dolde (1971)    α ≈ 1.5 
Friend and Blume (1975)    α ≈ 2 
Kydland and Prescott (1982)     1 < α < 2 
Altug 1983)      α ≈ 0 
Hildreth and Knowles (1982)    1 < α < 2 
Kehoe (1984)      α ≈ 1 
 
These seven estimates all agree on putting α in the range 0 ≤ α ≤ 2.  In the light of this, 
Mehra and Prescott put the following restriction on α21: 
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 “Any of the above cited studies can be challenged on a number of grounds but 
together they constitute an a priori justification for restricting the value of α to be a 
maximum of ten, as we do in this study.  This is an important restriction, for with large α 
virtually any pair of average equity and risk-free returns can be obtained by making small 
changes in the process on consumption.  With α less than ten, we found the results were 
essentially the same for very different consumption processes, provided that the mean 
and variances of growth rates equaled the historically observed values.” 
 
So, after all this work of setting up the model and estimating the parameters, what result 
was obtained?  Mehra and Prescott state it as follows22: 
 
“The largest premium obtainable with the model is 0.35 percent, which is not close to the 
observed value.” 
 

The value obtained from the model is certainly very far from the observed value 
which was 6.18 percent (standard error 1.76 percent).  However, the situation is really 
worse even than this statement suggests.  The maximum value of 0.35 percent was only 
obtained with an average risk free rate of 4 percent.  If we set the average risk free rate to 
its empirical value of 0.8 percent, the average equity premium drops to zero.  Mehra and 
Prescott attempted to alter this result by varying the other parameters (µ, δ, and ϕ), but 
without success. 

This is clearly not a precise explanation of an observed parameter.  It is a result 
which is completely wrong.  Mehra and Prescott’s model gives an equity premium of 
zero, even though they say at the beginning of their paper that historically it has been 
large. 

My survey of well-known works by four famous mathematical neoclassical 
economists who all won the Nobel prize for economics, has not revealed any [361] 
precise explanations or successful predictions.  This supports my conjecture that the use 
of mathematics in mainstream (or neoclassical) economics has not produced any precise 
explanations or successful predictions.  This, I would claim, is the main difference 
between neoclassical economics and physics, where both precise explanations and 
successful predictions have often been obtained by the use of mathematics. 
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