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Introduction


E. Roy Weintraub’s How Economics Became a Mathematical Science (2002) presents a original, distinctive, and provocative perspective on the evolution of mathematical economics from the late nineteenth century to the late twentieth century.  Its originality and distinctiveness and provocativeness extends as well to its view of the relationship between mathematics and economics.  He reveals many little known facts and punctures many fallacious, if widespread ideas.  At the same time, he ultimately leaves us hanging on certain crucial points with an ambivalence that is never resolved.  However, he is careful not to claim too much for his work: it is not the definitive history of mathematical economics nor does it claim to provide ultimate answers.


As a work primarily in the history of economics, he self-consciously adopts the approach of Science Studies, rather than of Lakatosian critical rationalism, Kuhnian paradigmatic revolutionism, Whiggish cumulative progressivism, or naïve inductionism.  This has two implications, which only become fully clear in the final chapter where he discusses his methodology of the history of economics.  One is that he refuses, most of the time, to discuss the superiority or inferiority of particular schools or approaches to economics.  This will undoubtedly frustrate many readers of his book, including those of a Post Keynesian orientation hoping that this son of the cofounder of the Journal of Post Keynesian Economics might lend his weight and prestige to its critique of mainstream economics.  

The second is that he believes that it is important to examine how particular mathematical economists learned what they did and what the contexts were in which their learning transpired.  He follows through on this in the final three chapters of the book by becoming personal, with an account of the training and history of his father, Sidney Weintraub, including his relationship with his mathematician brother, Hal, and then with a description of his own training and history.  This provides much interesting material and discussion, but ultimately leads to ambivalence as Weintraub himself increasingly shifted from doing mathematical economics to doing history of economics.  Thus, we are left hanging on his ultimate views of mathematical economics itself.

Although he disdains judging schools of economics as such, he does not hesitate to critique the views of other historians and philosophers of mathematical economics, notably Ingrao and Israel (1990), Punzo (1991), McCloskey (1994), and Mirowski (1989, 2002).
  While expressing admiration for much of their work, especially that of Mirowski in his 2002 Machine Dreams: Economics Becomes a Cyborg Science, he argues that they all fall into mistaking as equal the categories of formalism, abstraction, axiomatization, and mathematization.  In his view this leads them to misconstrue the proper relationship between mathematics and economics.  For him the primary source of their error is to misunderstand the nature of the historical evolution of mathematics itself and how that evolution has interacted with the history of economics to provide us with modern mathematical economics, which he appears to approve of more strongly than they do.  It is above all else his purpose in this book to correct these misperceptions and to provide a more accurate history of how mathematics itself evolved with the inevitable implications for the evolution of mathematical economics.

His view of those who criticize the excessive or inappropriate use of mathematics in economics is perhaps summarized by the following rather snide remark (p. 76):

    “We may, without doing a grave disservice to those individuals who are 

on record on the subject, call this talk or presidential address or curmudgeonly

article, “the Mark X version of ‘Those Were the Good Old Days,’” or “When 

Mathematically Unsophisticated Giants Walked the Earth.”  These discussions

are composed equally of sections of mathematical misinformation, piety to a past

that never existed, derision of those would lead the young astray, and professional

self-congratulation for having fought the good fight against the barbarians at the

gates (or as an alternative, a section of mea culpa: “How I Used to be a  Mathematical Barbarian But Then I Saw the Light”).”

Unfortunately, a central contradiction for his own analysis is that he is ultimately ambivalent regarding the most formalistic approach to mathematical economics.  He both defends it even while demonstrating that the ultra-abstract and axiomatic form of mathematics known as Bourbakism has for some time now been out of favor among mathematicians themselves.  His failure to tell us what the successor forms of mathematics that might be or are superior leaves us in an unsettled and somewhat unsatisfactory position at the end of the book where he digresses to discuss methodological problems of the history of economics.


The next section of this essay will provide an overview summary of the chapters of the book.  The next will focus on the central issue of formalism and abstraction as they have evolved in mathematics and economics.  The final one prior to some concluding remarks examines what might be alternative futures of mathematical economics and how they relate to the various schools of economics.  

It is probably worth noting at this point that although I think that the Science Studies approach has much to offer, and this book offers much drawing on this approach, this author personally is more inclined to a view somewhere between the Lakatosian and the Kuhnian, with a definite propensity to emphasize the discontinuities arising from crises in old paradigms.  In various footnotes late in the book Weintraub seems to dismiss this view by suggesting that economics really is not a science and therefore cannot have real paradigms or true crises, a view he ascribes to Kuhn himself (1962).  However, even if this is true, a central theme of his book is that mathematics went through crises and paradigm shifts, and that it is the spillover of these into economics that is the key to understanding how mathematical economics has evolved.  Therefore, I have no problem with taking such an approach as Weintraub himself in fact takes in some of his central arguments.

Overview


After a prologue in which he summarizes several of his main points, Weintraub focuses on the world of Alfred Marshall at Cambridge in his opening chapter
 and the mathematics that he studied.  The focus of this chapter is the Mathematics Tripos that all students took at Cambridge from the early 1800s on, described as “one of the most difficult mathematical exams ever given.”  The view of mathematics implicit in the Tripos is that mathematics is a means to obtain absolute truth, with the specific mathematics in question being largely derived from the celestial mechanics of Isaac Newton, the greatest of all Cantabridgians.  Although Marshall did very well on the Tripos, and nearly went into mathematics, in his old age he becomes the defender of keeping mathematics in the background of economic analysis, with Weintraub reproducing the part of his famous letter to Bowley in which he recommends to “use mathematics as a short hand language, rather than as an engine of inquiry” and culminates after having emphasized providing “real life examples” with the fiery “Burn the Mathematics” (p. 22), which also provides the title for the chapter.


Weintraub argues that Marshall’s attitude reflected more his frustration with his perception of the changing nature of mathematics and the importation of these changes into mathematical approaches in economics rather than any ultimate opposition to using mathematics in economics.  Thus, Weintraub would appear to be vindicating Marshall from the charge that he is one of those so sarcastically described in the quotation provided above.  But it is hard to avoid seeing Weintraub as viewing him  as such given that an inability to keep up with the latest changes in fashion in mathematics is often posed later in the book as a reason why some reverted to such attitudes.


In the later part of the first chapter Weintraub briefly reviews the careers and views of several turn-of-the-century figures in both mathematics and economics, including Felix Klein, who heavily influenced mathematics in the United States, Francis Ysidro Edgeworth, an early advocate of using mathematics in economics, Vito Volterra, a mathematician of multidisciplinary talents and influences, and Vilfredo Pareto, who clearly used calculus more thoroughly in his analysis.  A theme linking all of these is that of a phsycialist approach, with mathematics being justified because of its ability to model physical reality.  Of course the earlier “truth-telling” approach was also in some sense ultimately based on physics models as well, notably those of Newton.  But they had become separated and taken on a life of their own, as well as not being fully applied in economics.  But this latter group tended to more directly import models from physics or other sciences (biology in the case of Volterra).  This led some such as Edgeworth to overtly identify utility with energy,
 even as some of the non-economists such as Volterra raised questions regarding unmeasurable variables.  It was this kind of simplistic identification that inspired contempt and criticism by Mirowski in his 1989 More Heat than Light for the neoclassical economics he saw as based on such approaches.


This observer finds the next chapter, “The Marginalization of G.C. Evans,” a bit curious.  It is an example of Weintraub focusing on indeed somewhat marginal figures in order to make a larger point, with the emphasis on such marginal figures being something that is apparently encouraged by the Science Studies approach.  There is interesting some interesting material in this chapter, but it seems a bit of a sideshow in the broader sweep of his argument.  Evans was a fairly influential American mathematician of the early and mid twentieth century who followed Volterra closely.  He wrote quite advanced for its time mathematical economics articles and a book in the 1920s and early 1930s for mathematics audiences that had little influence on economists.  He took up Volterra’s criticism of economic theorizing using unmeasurable variables, especially utility, which he criticized especially based on the integrability problem.  For Evans, the proper way to approach mathematical economics was to study what would now be called reduced form models of such things as observable demand curves without worrying about theoretical underpinnings based on such things as unobservable utility.  Arguably such an approach continued in the essentially Marshallian approach of the inductive empiricists associated with Wesley Clair Mitchell’s National Bureau of Economic Research.

Weintraub poses Evans as being marginalized partly both because he was too advanced for his time as well as being in some ways ultimately too backward for his time.  He was too advanced in that especially when he was first writing there were few economists who had the mathematical knowledge to understand his arguments, such as that regarding the integrability problem, even if they had been aware he was making them.  He was too backward in that ultimately his mathematics reflected that of Volterra and the other figures of the beginning of the twentieth century, the physicalists.  He argues that these figures were not up on the new more axiomatic mathematics that arose with the crisis in mathematical foundations and the arguably more fundamental crises in physics itself associated with the rise of relativity theory and quantum mechanics.

The third chapter, “Whose Hilbert?” presents the core of his arguments regarding the relations between formalism, abstraction, axiomatization, and mathematics when he discusses the the historical emergence of twentieth century mathematics, focusing particularly on the figures of David Hilbert, Kurt Gödel, and John von Neumann.  I shall hold off further discussion of this chapter for the next section.


The fourth chapter, “Bourbaki and Debreu,” is also a core chapter.  It desribes the rise of the ultra-formal Bourbakist school in France and the education that Gérard Debreu by some of its founders.  His career in coming to the Cowles Commission, at Chicago in the late 1940s and early 1950s, is recounted.  He is seen as the most crucial figure in putting mathematical economics into its axiomatic form in the mid-twentieth century, a position that this observer fully agrees with.  A crucial point is that for the Bourbakists, including Debreu, axiomatic mathematical structures are to be viewed as completely separated from any physical model and effectively living in a world of their own.  The chapter concludes with an interesting and revealing interview Weintraub had with Debreu in 1992.
  I shall discuss the arguments in this chapter further in the next section also.


The fifth chapter, coauthored with Ted Gayer and entitled “Negotiating at the Boundary,” resembles the second a bit in its atmosphere appearing to be another sideshow.  It recounts the correspondence between the mid-century mathematical economist, Don Patinkin, and an obscure mathematician who took to criticizing applications of mathematics in economics, Cecil Phipps, although he would play an important role in the next chapter.  The interesting point of the chapter is to bring out how despite the emergence of a common “site,” mathematical economics, mathematicians and economists continue to fundamentally operate in different realms, worlds, languages, methods, and so forth, leading to inevitable “failures to communicate.”  The idea that mathematics is a language and that all that is needed is a “translation” between the two fields in order to effectuate proper applications comes under criticism.  Unfortunately, the argument is weakened by the clearly low competence level of Phipps in comparison with, say, Evans.  Phipps eventually becomes a figure of almost ridicule, although some of the questions he raises about Patinkin’s monetary theory are not entirely ridiculous, if pushed in a silly and bull-headed manner by him.  In particular, he argued that there was an inherent contradiction between assigning a positive value to money when it had zero marginal utility in a (nearly) general equilibrium system.


The sixth chapter, also coauthored with Ted Gayer and entitled “Equilibrium Proofmaking,” deals with a central episode in economics becoming a mathematical science (or at least much more mathematical) in the mid-twentieth century, namely the publication in Econometrica by Arrow and Debreu of their famous proof of the existence of general equilibrium.  This highwater mark of Bourbakism in economics has been discussed at length before by Weintraub in his definitive 1985 General Equilibrium Analysis: Studies in Appraisal.  Here he revisits certain frustrating matters, such as his inability to get the economics profession to call it the Arrow-Debreu-MacKenzie model, given that MacKenzie’s paper proving general equilibrium was submitted to Econometrica first and that his method of proof is the one most commonly used in expositions of the proof.  But the major thrust of this chapter is more upon the details of how the paper was processed and reviewed at Econometrica and the sociology of how it came to be diffused throughout the profession and placed into the “black box” of accepted and unquestioned results, which he argues happened by the late 1950s.  A major argument involves the nature of mathematical proof as an essentially social exercise of communication and trust.  In particular, the paper’s publication was opposed by the pathetic Cecil Phipps whose objections were apparently ultimately rejected on the grounds that he was an obscure nobody from nowhere, whereas Arrow, and especially Debreu, were just so smart that they would not make any mathematical errors.  This argument probably has more to do with mathematics itself than with mathematical economics per se.


The final three chapters are the more personal part of the book.  The seventh, “Sidney and Hal,” describes the careers of the author’s father and uncle, and his father’s frustration at not having as much mathematical knowledge as he would have liked, despite actually teaching mathematical economics at the University of Pennsylvania in the early 1950s, indeed having been hired to do so.
  The eighth, “Bleeding Hearts to Dessicated Robots,” recounts Weintraub’s own education, as a math major at Swarthmore while minoring in philosophy and literature,
 and studying Bourbakist mathematics in graduate school, which he clearly did not like, before moving into applied mathematics with an economics concentration working on problems of economic dynamics
 in general equilibrium posed to him by Lawrence Klein.  The final chapter, “Body, Image, and Person,” presents his movement through the different approaches to history of economics from a more or less Lakatosian approach to his current Science Studies approach.  The chapter title refers to the distinction between the body of a discipline as it develops in contrast with its image,
 a distinction that is crucial to his arguments earlier regarding the evolution of mathematics and the question of formalization and axiomatization in mathematics, to which we now turn in more detail.

The Rise of Axiomatic Mathematics and its Importation into Economics


For Weintraub, the evolution of mathematics during this period went from truth making, to a mathematics grounded in physical argumentation, to a mathematics based on formalism.  Driving this shift were three crises: 1) the failure of Euclidean geometry “to domesticate the non-Euclidean geometries,” 2) the failures of set theory arising from the awareness of multiple levels of infinity as invented/discovered by Georg Cantor, and 3) and paradoxes in arithmetic and the foundations of mathematics associated with Gottlob Frege and Giuseppe Peano.  The first of these was especially aggravated by the implications for the nature of space-time of Einstein’s theory of relativity.  Thus the new physics of relativity and quantum mechanics would force the development of a new mathematics, including statistical mechanics, which has more recently become a popular tool in mathematical economics.


This set of crises pushed the German mathematician, David Hilbert, to issue a  series of problems, challenges really, to the world of mathematics in 1900.  Many of them have since been solved, some have been shown to be unsolvable, some remain open questions.  But they grabbed the attention of the mathematical world and deeply influenced it.  Many observers argue that the ultimate thrust of this set of problems was to move mathematics towards a more formalistic approach.  The second problem in particular called for proving the internal consistency of the axioms that could establish arithmetic.  In 1917 he would give a speech that called more broadly for the use of axiomitization of mathematics as it is used more broadly in physics and in other areas.  For many historians of economics, such as Ingrao and Israel, Punzo, and Mirowski, Hilbert thus becomes the ultimate source of the drive for formalism and axiomitization in mathematical economics, with the link running from Hilbert through the Vienna Circle of the 1920s and to John von Neumann and to the French Bourbakists, from whom the virus spread to Arrow and Debreu in their proof of the existence of a competitive general equilibrium, which Weintraub clearly identifies as the key piece enforcing “how economics became a mathematical science” by the late 1950s.
  

Several of these observers then proceed to criticize the entire project on the grounds that the Incompleteness Theorem of Kurt Gödel, published in 1931, but initially reported to the mathematics community in 1930, fatally undermines this project and renders it absurd from the ground up.  This theorem demonstrates that there is no system of set theory that can prove the truth or falsity of all statements generated by it.

It is at this point that Weintraub invokes the distinction between the image and the body of mathematics that he draws from Corry (1996, 1997).  In effect he argues that too much has been made by too many people of the work of Gödel, that this had more to do with the image of mathematics than with its body, with its real workings.  More specifically he argues that the Incompleteness Theorem only undercuts the specific program of solving Hilbert’s Problem Number Two, to find the set of axioms that will consistently solve set theory and arithmetic.  But it does not undermine the more general program of attempting to use an axiomatic and formal approach to prove things in mathematics and to more broadly study physical and other systems.  The crisis was one of logic and metamathematics, not one of the workings of mathematics in general.  Rather than absolute certainty, one could operate with relative certainty, that a system was consistent if one bounded it with certain extra assumptions. 

Crucial to this argument is the fact the von Neumann in particular was present when Gödel made his initial presentation in 1930 and was fully aware of its implications.  Although von Neumann had already proven his initial existence theorem regarding the minimax solution in game theory, by the time he wrote his crucial paper on general equilibrium in 1936, he was fully cognizant of the limitations for mathematical logic implied by the work of Gödel.  Thus, criticism of the use of formalistic methods by von Neumann’s successors cannot be based on Gödel’s work.  The French Bourbakists and their followers could indulge in creating grand mathematical structures using axiomatic proof methods to their heart’s content, as long as they were sufficiently cautious.

In effect Weintraub has justified (or attempted to justify) the Bourbakist approach as exemplified in the work of Debreu in particular by this argument, even as he appears to view it as having its limits and as now being rather passé among mathematicians.
  He finds some limits to Debreu’s work, notably his ignoring of dynamics questions.  But more broadly he accepts the triumph of using a formalistic mathematical approach that came after the publication of the Arrow-Debreu theorem.  This is indeed a crucial moment, and in effect Weintraub’s story of the history of mathematical economics effectively stops at this point of victory.  Given his own clear unhappiness with Bourbakism and awareness of its limits within mathematics, this is a less than satisfactory conclusion, one that does not quite justify the snideness found in the quotation above about the critics of excessively using mathematics in economics, even if some of the particulars in that quotation do find their mark.  Ultimately beyond this point Weintraub takes us on his own personal journey, which ends up with how to do history of economics rather than how to do mathematical economics, or the role of mathematics in economics more broadly since that high point of formalist Bourbakist triumph.

What Has Happened Since and Where Are We Going?


Although there are many critics of the use of the excessive use of mathematics in economics, and even a few still who criticize its use at all in economics, Weintraub is clearly correct in his broad argument that economics is now heavily dominated by the use of various kinds of applied mathematics, whether or not the precise term “mathematical science” is really applicable or not.  Those who criticize this dominance are now definitely not in the mainstream, and thus it is not surprising that they are more likely to be found among the various heterodox schools of economic thought, including among Post Keynesians.  This author happens to agree with Weintraub that, for better or worse, that is the way it is going to continue to be.  The issue really becomes then, what kind of mathematics is more appropriate and how should it be used?

     One clear point is that although mathematization in effect proceeds and continues to spread, there has been somewhat of a retreat from the sort of absolute axiomatic abstract formalism of the Bourbakist-Debreu type.  Certainly there are journals where such work continues to flourish.  But this observer has noted that even in some of these, with the Journal of Economic Theory a good example, one increasingly tends to find that papers have longer and longer introductions that are strictly verbal, often with an effort to follow Marshall’s admonition to provide “real life examples,” even if the subsequent sections look like they could be straight out of Debreu’s 1959 Theory of Value, the real highwater mark of this sort of Bourbakist purism in economics.  There is creeping evidence that more broadly in economics journals, the ratio of words to equations has actually been increasing over the last decade or two, although clearly equations are here to stay.


Another element that has entered has been the role of the computer.  Purist Bourbakism had nothing to do with computers.  Methods such as computer simulation have essentially nothing to do with Bourbakist formalism, and such methods have become very widespread within economics today.  The anti-Bourbakism of Benoit Mandelbrot (1989), whose uncle was one of the founders of Bourbakism in France, is to a large degree based on his advocacy of the use of computers to study mathematics directly, with his study of fractals very much done on computers directly with almost no reference to formal theorems or proofs.  


Weintraub himself notes another argument, one made by McCloskey (1994).  Whereas McCloskey is often thought to be anti-mathematical and a supporter of purely verbal analysis of rhetoric, in fact McCloskey supports the use of mathematics in economics, but opposes the use of Bourbakist approaches.  Indeed, McCloskey cites the physicists as the way to go.  She and others have noted the peculiar outcome of the original conference held at the Santa Fe Institute in 1987 (Anderson, Arrow, and Pines, 1988).  This conference brought together a group of physicists and a group of economists, with the latter heavily weighted to formal general equilibrium theorists.  Most reports suggest that the physicists were shocked by the degree to which the economists used formal proofs.  They, and McCloskey, in effect said that one should look at the real world in a scientific manner and not escape from it with an excessive formalism.


That the physicists (and their supporters like McCloskey) have effectively won the argument can be seen by the second such conference that was held (Arthur, Durlauf, and Lane, 1997).  In that one the economists present were not either using or defending formalistic mathematical methods.  Rather, many were using more ad hoc methods and procedures, many of them using computer simulation methods or programs of one sort or another, and many of them borrowed directly from methods or models used in physics, especially statistical mechanics.
  These are the mathematical methods of the new complexity economics, certainly mathematical, but much less formal, more inductive than deductive.  Formalism is no longer the cutting edge.

What About Post Keynesian Economics and Mathematics?


Weintraub’s attitude about the use of mathematics in Post Keynesian economics appears to be equivocal.  For one thing it is tied up with his complicated relations with his father, Sidney.  He reports working on some of the problems his father did early in his career (Weintraub, 1975), but seems to have run into problems in that his father had trouble “respecting the boundaries” between them.  Clearly he identifies many Post Keynesians as being among the critics of excessive mathematization in economics, and he at times seems to imply that they are behind the times in this regard.


I would contend that there is no necessary relation between the use of mathematics and whether or not certain economic discourses are Post Keynesian or not.  It may well be that on average the mathematical level in such discourses is not as “high” as it is in many branches of mainstream economics.  It may well be that this reflects strong biases against the use of mathematics by such figures as Joan Robinson
 or a certain inertial tendency to use Marshallian methods drawing on what Keynes himself did.  But these are not necessary relations. 


To note a simple example, this author is on record as arguing that the Keynesian concept of fundamental uncertainty can be explained as arising from the mathematics of economic complexity (Rosser, 1998).  Paul Davidson (1996) has disputed such a view.  But in fact Davidson’s own analysis of fundamental uncertainty is mathematical in nature, drawing on the statistical theory of nonergodicity (Davidson, 1982-83).  Both of these approaches are mathematical in nature, if not hyper-Bourbakist.  Therefore, although there are Post Keynesian economists who do not use mathematics, even of the verbal sort that Joan Robinson did, it is perfectly possible to do mathematical Post Keynesian economics.  Most Post Keynesian economics is and probably will continue to be at least somewhat mathematical.  In that regard, Weintraub’s fundamental argument remains correct.

Conclusion


Roy Weintraub has done an admirable service in laying out important and little known links and threads in the evolution of mathematical economics.  In particular he has been very insightful in how the evolution of mathematics itself played a role in the evolution of mathematical economics.  He has also provided an excellent example of the newer approaches to doing history of economics in this effort.  


The major problem with his work is that the use of science studies approach in the end distracts from his story in a way that leaves it unclear.  The diversion into a personal account of moving from Bourbakist mathematics to studying history of economics comes at the expense of detailing how mathematical economics itself has moved beyond Bourbakist approaches to other methods using computers and inductive methods.  However, in the end Weintraub is certainly correct that economics is now overwhelmingly and deeply mathematical and is likely to remain so, irrespective of its status or lack thereof as a science.  He is to be commended for a thoughtful and informative study that will undoubtedly influence how economists view their field.
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� A somewhat minor but annoying defect of Weintraub’s book is a fairly frequent failure of items that are cited in the text to appear with the same date or to appear at all in the bibliography, with perhaps the most egregious example being the lack of a reference for a quote from Paul Davidson that appears on p. 244.


� Another aspect of the book that this observer finds a bit disconcerting is that several of the book’s chapters were originally stand-alone articles.  He has clearly made an effort to integrate them into a coherent whole, especially by laying them out in a more or less chronological order.  But there are times when the overlaps and resulting oddities become a bit peculiar.


� The very title of Edgeworth’s most famous book Mathematical Psychics (1881), was consciously conceived to mimic the term “mathematical physics.”


� Despite his marginalization and current near invisibility, at least in economics, the building on the Berkeley campus that houses the mathematics, statistics, and economics departments is named for him, Evans Hall.


� Debreu was at his long time base at Berkeley at that time, but has since returned to his home in France and a position at the Sorbonne, although no longer professionally active at this point.


� The chapter concludes with one of Weintraub’s few apparent outright errors.  He describes the founder of catastrophe theory, the late René Thom, as a “Bourbakist.”  It is true that he was trained by them and may well have been one early in his career.  But by the time he invented/discovered catastrophe theory he was definitely an anti-Bourbakist and only became more strongly so as time proceeded afterwards.


� Weintraub uses this fact, given his father’s relative lack of mathematical knowledge, as evidence of the basically pathetic state of mathematical economics prior to the Arrow-Debreu theorem, an argument this observer finds a bit discomfiting.


� He notes that such combinations only became possible in a Bourbakist environment in which mathematics became fully independent from the physical sciences.


� His interest in dynamics would culminate in his 1991 book, Stabilizing Dynamics.  It also led him to push Debreu during their interview on the issue of dynamics, with Debreu famously eschewing interest in it.


� This distinction is originally due to Elkana (1981) and has been more fully developed for mathematics by Leo Corry (1996).


� Regarding the timing of the latter part of this story, Weintraub strongly agrees with Mirowski (2002) that it was World War II and its aftermath in the early Cold War years that played the crucial role, with the most important players coming together in militarily-funded institutions such as the RAND Corporation and with such entities as the Office of Naval Research funding important groups such as the Cowles Commission.


� This period also saw great competition among different ways to do mathematics from the most fundamental level.  One competitor to the mainstream approach was intuitionism in which the “excluded middle,” that statements can be both true and false, was allowed, clearly of relevance to the work of Gödel, including his Inconsistency Theorem.  Ironically a major leader of the intuitionist movement was Brouwer, developer of the Fixed Point Theorem used by both von Neumann and Nash in equilibrium existence proofs, although Arrow and Debreu would use the more generalized version due to Kakutani.


� In a later footnote he cites a recent director of the Institute for Advanced Study at Princeton as referring to his cohort as a “lost generation” because they were taught with such an absolutist Bourbakist approach, which Weintraub himself clearly did not like and sought to escape from in his own study and research.


� More broadly the use of such methods, especially at the Santa Fe Institute, has spawned what is now known as the “econophysics” movement, with much of this driven by actual physicists coming into economics to apply their models and methods.  One problem with this movement as it is currently proceeding is that oftentimes these physicists no little economics and think that they do not need to know any economics.  This observer believes that a dialogue is ensuing that will at least partly correct this problem.  But we have in some sense gone back partly to the physicalism of the late nineteenth century.


� The example of Joan Robinson raises a curious point.  It is not always clear what is mathematical and what is not.  One can find in Joan Robinson’s work many points where she makes quite formal mathematical arguments, but does so in a strictly verbal manner.  Likewise, John Stuart Mill invented/discovered nonlinear programming in his discussion of exchange rates, while doing so without using any equations and only with words.  On the other hand, one can read many papers in which there are equations.  But the equations are empty nonsense that cannot really be called mathematics.





