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Foreword to  

Reductionism, Emergence and Levels of Reality: The 

Importance of Being Borderline: 

by Sergio Chibbaro, Lamberto Rondoni & Angelo Vulpiani 

(Springer, Heidelberg, New York, Dordrecht, London 2014, pp vii-viii) 

Newton’s third law does not apply to the interaction between 

philosophers (‘them’) and physicists (‘us’). It has usually been 

asymmetrical, with ‘us’ influencing ‘them’, without ‘them’ acting on 

‘us’. In a way this is natural, because the raw material that philosophers 

study are the discoveries and theories of science and the interactions 

between scientists, while the primary preoccupation of physicists is not 

the study of philosophy or philosophers. I do not deny that there have 

been eminent scientists (Einstein, Poincaré, Bohr…) who have pondered 

on the philosophical significance of the scientific picture of the world, 

and much of what they said has been immediately appreciated by 

practicing scientists. But their wise intellectual interventions have usually 

been outside the philosophical mainstream. 

This book by Sergio Chibbaro , Lamberto Rondoni and Angelo 

Vulpiani (CRV)  is an exception. Although their day job is the practice of 

theoretical physics, they have something genuinely new to say about the 

physicists’ picture of the world, that should be of interst to philosophers. 

Their focus is on what has long been studied by philosophers as ‘the 

problem of reduction’. This concerns the relations between different 

levels of description of physical phenomena.  
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Optics is a good example. Light can be described in terms of the 

rays of geometrical optics, as interfering waves, as electromagnetic fields, 

or as the photons of quantum field theory. These are levels of increasing 

generality; each encompasses phenomena described at the previous levels 

and also includes new phenomena that were unexplainable earlier. But 

the concepts and mathematical expressions of these levels are very 

different, and moving between them is almost always challenging. It is 

far from straightforward to derive the formula relating the object and 

image of a simple lens by starting from the field operators of quantum 

optics – supposedly the deepest of our current pictures of light. 

This illustrates a wider difficulty. One can have a general theory –

or even, as some envisage, the theory of everything –  which stubbornly 

resists attempts to employ it to explain phenomena that were well 

understood at more elementary levels: at the more sophisticated level, 

they are ‘emergent’. This was cleverly caricatured in Ian McEwen’s 

novel Solar: a string theorist, caught by his wife in a compromising 

situation with another woman, tries to reassure her: “Darling, I can 

explain everything”. It often happens that theories claiming great 

explanatory reach are in fact powerless to explain many particular 

phenomena. A political analogy comes to mind: the ideologist who loves 

all humanity but behaves badly to every individual person he encounters. 

The resolution of these difficulties starts from the observation that 

the theories of physics are mathematical, and relations between them 

involve limits as some parameter vanishes: wave optics ‘reduces to’ 

geometrical optics when the wavelength is negligibly small, quantum 

physics ‘reduces’ to classical physics when Planck’s constant can be 

neglected, etc. Therefore understanding relations between levels must 

involve the study of limits, that is, mathematical asymptotics. And the 
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central reason why ‘reduces to’ is so problematic is the fact that the limits 

involved are usually singular. These singular limits should be not 

regarded as a nuisance, and certainly not as deficiencies of the more 

general theories. On the contrary, they should be embraced with 

enthusiasm, because they are responsible for fundamental phenomena 

inhabiting the borderlands between theories - phenomena at the forefront 

of physics research, such as critical phenomena in statistical mechanics, 

fluid turbulence, and the universal  statistics of the energy levels of highly 

excited quantum systems. 

CRV fully appreciate these ideas; hence their subtitle The 

importance of being borderline. And they explore them in depth and in 

detail. There are some philosophers who have grasped the significance of 

singularities in mathematical asymptotics for the understanding of theory 

reduction – Robert Batterman and Alisa Bokulich come to mind – but 

they remain a minority. The value of CRV’s account is that it is the first 

full-length and wide-ranging exposition of this point of view by 

physicists who are sensitive to the concerns of philosophers. 
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