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 In this paper, I want to challenge the view that nuclear weapons are a variety of “original sin”, an evil apple, knowledge of which is fated forever to be part of our science, as well as our future human existence. In order to do this I shall (a) make some general comments about the recent “science wars” and then (b) discuss the theory, proposed by Donald MacKenzie and Grahame Spinardi of Edinburgh University, that nuclear weapons are dependent on tacit knowledge, that could disappear. After many years of test-bans, for example - certainly after several generations - such weapons science could become defunct or archaic knowledge: nuclear weapons would then require reinvention. At this point, with the potential non- renewal of Trident, this theory is intrinsically very interesting. But it is also an unexpected and important contribution to the Edinburgh programme in the history of science, called the Strong programme. This is often taken to have implications that are amoral and even relativist. The Mackenzie and Spinardi paper is clearly neither.

First, situating science          

As many of you will know, there’s been a debate since the 1980s over the validity of scientific method and the entire credibility of science (Feyerabend, 1993). I have no time for detailed analysis of this, except to say that this general scepticism gained new life with the rise of an anti-science, relativist, strand within postmodernism (see Gellner, 1993 for a forceful critical analysis). I will, however, say a few words about an influential position within the sociology of science, that of Pierre Bourdieu, whose work I find absorbing.    

Pierre Bourdieu has been interpreted as having a cynical, egoistic – even Hobbesian - view of the world, critical of the Enlightenment rationalist promise (see, amongst others, Sayer 2005). However before he died, in 2002, Bourdieu made a poignant settling of accounts on the issue of science. This shows him indeed to be on the one hand part of the radical Republican tradition, a descendent of the Enlightenment, but without on the other hand being an idealist, positing timeless, eternal truths (1997 and 2004). In Bourdieu’s analysis, the natural and social sciences have emerged as autonomous fields. These have established themselves as in principle anti-economic and have jealously protected their intrinsic scientific concerns from both the market and the pressures of the State. However, the various scientific fields  have varying degrees of autonomy or intellectual independence – the most autonomous have refracted the issues and problems that are external to them into scientifically interesting problems, which have appeared to be totally remote from political disputes: the least independent scientific fields  have their programme imposed on them by external authorities eg the State. Thus natural scientists typically deal only with the problems they themselves think are important to the discipline: social sciences have historically experienced stricter limits to their autonomy. 

The sociology of Science: Bourdieu makes a fundamental contrast between two fallacies bedevilling thought in the sociology of science:

(a) the scholastic vision – an intellectualistic account of science, in which scientists are assumed to produce truth, or absolute knowledge. Categories of thought are transcendental rather than historically emergent, and everyone has perfect communicative competence 

(b) nihilistic relativism – the current version of this is the cynical, calculating vision of science, offered, for example, in the writing of Bruno Latour (Laboratory Life). Down these mean streets of science stalk alienated and atomised scientists, who use highly conscious strategies for advancement, classify each other simply in terms of their money – their amount of external funding and are cynically involved in plagiarisms or near-plagiarisms etc. 

From these two extremes, Bourdieu analytically isolates a panoply of four major sociological views of science. He criticises these in order to produce his own alternative account of science, which we could call a “realist rationalism” (Bourdieu 2004: 77),cf Bouveresse, 2003: ch 5).

[1-4 below will be summarised at Faslane]


1 – The enchanted vision of Robert Merton, in which science is an activity ruled, like a Hegelian spirit, by absolute universalism (ie equality of treatment of all scientists), “scientific communism” about sharing results, and measurement of scientific success by internal rules such as the number of citations of your works. Its Achilles heel? Merton’s green and pleasant scientific land cannot allow for many all-too-common phenomena. For example, citations, his guide to scientific reputation, may in fact not always be positive, or a mark of esteem, but can be negative – as when the scientist/thinker becomes a butt for ridicule rather than a resource for authentication.


2 – The Kuhn – influenced view of the history of science as a history of scientific revolutions. The problem with this currently powerful position, which centres on periodic paradigm change separating periods of normal science, is that it tends to see scientific lab worlds as too much like separate islands or communities, totally cut off from the wider social world. It fails to see that certain external changes in the field of social power  are reinterpreted into homologous internal issues within the scientific field – thus the rise of the Protestant bourgeoisie and with it, the increased circulation of money and capital, can be linked to William Harvey’s new way of conceptualising the circulation of blood in the human organism…


3 The Strong Programme of Edinburgh (or Bath) – Writers such as David Bloor, Barry Barnes and H.M. Collins address the underdetermination of theories by the facts. Further, “the great virtue of Collins”, writes Bourdieu, “is that he reminds us that a fact is a collective construct and that the attested, certified fact is constructed in the interaction between the person who produces the fact and the person who receives it and tries to “replicate” it so as to falsify or confirm it” (2004: 20). But this insight is insufficient at the level of structures. In particular, it is the structures – the nature of the field and the amount of scientific cultural capital that a scientist or a laboratory has, that determine collective scientific belief in their work…(2004: 57) These influence the  highly competitive struggles within science for the big stakes – the solutions to specific major problems.


4. The role of contingency in action and belief  etc (Karen Knorr-Cetina and others). On this model, although the scientists present their results using the time-honoured empirical rhetoric, their actual practice often follows a quite different, informal repertoire. This is both creative and transgressive… 

But isn’t this demystification now common knowledge? Perhaps, argues Bourdieu, we need to have a more subtle view of scientists’ meanings. We should rather see them as operating with a double consciousness – possessing both innocence and hypocrisy. Thus against a totally relativist view of science, he insists that genuine falsification does sometimes occur, i.e. there are successful attempts to refute existing knowledge. What is more, we ought not to slide from the fact that strategies come into play - based on the scientific and social qualities of the researchers - to writing off everything in the field as mainly political, or solely fictions (Bourdieu 2004: 54) 

In brief, in Bourdieu’s account, a field is not simply the population of scientific researchers. Rather, it is a structured constellation in which the stakes scientists play for and the gains they make are all key issues. Your margin of liberty differs according to where you stand, what specific  capital or scientific reputation you have and whether you  are one of the challengers who menace the dominant scientists of the field, in a region itself dedicated to permanent innovation. 

The recent sociology of science  - from Kuhn in the 60s to Latour today -  has led to what PB calls “disenchanted realism”. However not every theory emerging within this tradition has simply fuelled a pessimistic view of the scientific field that simply glosses further the our knowledge of individualistic interests. 

Some of this work in the new sociology of science has removed other veils. It has shown a different informal reality from the traditional scientific method. It has emphasised here especially tacit knowledge, that cannot easily be explicitly spelt out, much as cooking, riding a bike or doing Persian miniatures require a similar one-to-one learnt apprenticeship, in which the skills become matters of judgement and even art, a “feel for the game”. If a physicist is away from their research laboratory for even a year, they will need to reaquire the technical skills and uncoded knowledge that they once had. 

 MacKenzie’s and Spinardi’s (1995) study of nuclear weapons is interesting in this respect, especially to a non-physicist like myself. It has a controversial conclusion, but is based on very substantial evidence –including scientific biographies,  interviews with 50 nuclear designers and scientists at nuclear establishments and historical records. 

Their contention is this: 

“because tacit knowledge is transmitted person-to-person, there are greater barriers to the spread of competence than the traditional view might lead us to expect” (1995: 46).

“[E]xplicit knowledge, if widely diffused and stored, cannot be lost. Tacit knowledge however can be lost. Skills if not practiced, decay. If there is no new generation of practitioners to whom tacit knowledge can be transmitted, it can die out altogether.” (1995: 46). 

Their argument is that the science of nuclear design is of this sort, resting ultimately on the highly-skilled judgements or feel for the game of the scientists involved. Thus each nation’s new bomb has taken around five years to construct, even where there is some continuity of personnel (eg in the case of Britain in relation to the American A and H bombs, or the USSR, where Fuchs gave the Soviet organiser designs from the States and Britain). Each had to develop their own tacit knowledge. It follows from this that were these bombs to be banned from being tested after several generations of a moratorium, nuclear weapons could be uninvented. 

Most of their argument is about the difficulty of constructing the original atomic and hydrogen bombs – one of which had the all too endearingly Bunteresque name of “Fat Boy”. Many of the problems that emerged were extremely intractable – the production of plutonium, Oppenheimer initially thought, would take three senior scientists aided by three others to crack this (1995:54). In the event it took 3000 workers at Los Alamos in the tech staff of the lab. Not only was the refinement of plutonium necessary, but so also was the design of the gun capable of carrying fissile material and the design of crucibles for refining uranium 235. Later the cyclotron was invented: another necessary  development. The plutonium process required the design of materials that would implode in symmetrically in a supercritical mass and create a self-sustaining chain reaction that would let off the hugely accumulated energies of the fusion bomb. 

Many new intellectual skills were required here – I will only mention a couple of them

· “a “computer” was originally a woman” (1995: 59)i.e. the wives (sic) of the scientists, in the days before computer codes and electronic calculators, were involved in a long Henry Ford – type assembly line doing additions, multiplications, cubing --- to sustain the need for the voracious scientists… (you see here the particular tendency for a specialised differentiated organisation to solve these problems, not unlike the industrial capitalist model)

· more mundanely, in a variety of modern alchemy, there had to be careful invention of how to make crucibles for the bomb, to which the plutonium and other materials would not adhere and combine… 

Moreover, as it became clear, even if scientists acquire codes, they need tacit knowledge, not available in textbooks, to understand why these predict the right answer. Even testing can be indecisive, requiring years of building a communal synergy they call judgement: 

“According to our interviewees, that judgement goes beyond the explicit knowledge that is embodied in words, diagrams, equations or computer programmes. It rests upon knowledge that has not been and perhaps could not be, codified. It is built up gradually over the years, in constant engagement with theory, the codes, practicalities of production and the results of testing. “ (1995:62) 

Explicit knowledge can only be reinvented not copied, hence Los Alamos took 4 years, Livermore, in the States, a similar period, 4 years for Stalin’s teams to reach successful testing despite Fuchs’ diagrams, the French 5 years, the Chinese – despite several hundred people – nine years. (1995:74).

A last note of optimism – even with digital computers, the Iraqi bomb had still not been finished in 1991. 

Conclusion: returning to the sociology of science: 

The theoretical history behind Mackenzie and Spinardi’s research is the Edinburgh Strong programme. However while the Edinburgh authors have criticised the orthodox traditional scientific method (summed up in Merton) and argue for a constructivist perspective, their work does not always fit into a cynical vision of science. In this case, the contrary is true: Mackenzie and his colleague see tensions between the old and the new. But they also still see a struggle towards the precarious acquisitions of universalism  (“universality and context independence in this new view are not to be taken as given but must be analysed as precarious achievements…” (1995: 45)

Indeed, far from stoking up a disenchanted vision of science or social science, in this case their knowledge is used to show how we might collectively emancipate ourselves…. This active agency fits what I might label, following Bourdieu’s concepts, a feasible utopianism.

This has important implications for the sociology of science. Bourdieu has emphasised that scientists’ positioning in the scientific field alters their perspective and their position-taking (see also Bouveresse 2003: 104). But it also emphasised the enormous importance for human knowledge of the distinctive methods of science: the collective or corporate body of scientists, their high demands educationally for entry, their procedures of experimentation, observed initially by gentlemen of honour (17th Century), and their obligations to seek to refute  --- all, in other words, part of that precarious struggle towards a truer understanding.    
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