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1. Introduction

In this paper I consider Structural Realism in its epistemic version (ESR) and the answer it offers to concerns about scientific realism raised on the ground of the historical changes that affected even the most successful fields of scientific investigation. Notoriously, such concerns aim to show that despite realist efforts to present the approximate truth of scientific theories as the best explanation for the success of scientific frameworks, success is generally not a good evidence of approximate truth. Past successful theories are in many cases replaced with new ones that disagree with their predecessors on many crucial theoretical counts. Supporters of ESR oppose these sceptical readings by emphasising the role of structures - mostly expressed by formal components such like the equations of physical theories - as providing an element of theoretical stability through change. So - the ESRist points out - there is no reason to abandon a realist reading of scientific success because usually even in the deepest theoretical change we keep the structures, or at least some important aspects of them, of the older frameworks and in light of the new framework they explain the past success. 

My aim is to raise some concerns about the program itself both for the historical implications it has and for its tenability as a form of realism. My perspective is not completely at odds with ESR insofar as this position is considered as a form of selective realism (see for instance Psillos 1999 or Chakravartty 2007). Selective Realism (SeR) can be thought of as a form of scientific realism that doesn’t take a stand on the truth of theoretical frameworks considered as a whole. Rather, assuming that we need rich sets of assumptions in order to carry out natural science, a selective realist considers reasonable to commit herself only to the approximate truth of those assumptions that play a necessary role in allowing for empirical success
. I think that there might be circumstances in which something similar to a form of preservation of theoretical content close to what supporters of ESR have in mind is plausible but this can only be ascertained on a case-by- case basis. Furthermore, I do not find it plausible that this might be the only form of theoretical preservation throughout the history of a specific domain of scientific inquiry. I will go back on this point more in detail later on. I will try to make my point by illustrating a specific historical case study that in my view allows to seeing the shortcomings of structural realist approaches to theory change. My case will be the account of the Zeeman Effect in the context of Lorentz’ Theory of Electron. The choice of the case study is not casual. This account constitutes one of the greatest achievements of electrodynamic theory of ether and at the same time it marks the emergence of the empirical deficiencies that led to its demise and replacement with quantum theory (Janssen, 2002, 431). The paper is articulated as follows: Section 2 presents the epistemic structural realist program, illustrate the main arguments on its behalf and discusses its implications for a realist understanding of scientific change; Section 3 presents and discusses the historical case study and its implications for ESR; Section 4 will draw a general moral from the previous discussion. In particular, I show that 

a) Emphasis on the predictive power of purely formal aspects of electrodynamics and their partial/empirical interpretation would lead us completely astray in the interpretation of the Zeeman Effect and of its role in driving research in the fine structure of the atom through spectroscopic investigation.   

b) Arguments based on the history of science are ineffective in this case. Any attempt to explain the past success through the role of structural aspects of old theory involved in the account is unsuccessful.

Both the points will allow to seeing the need for an alternative historical methodology to support the realist cause on the face of theoretical change. 
2. What is the Epistemic Structural Realist program? 

ESR refers to a rich and foliated literature involved in a variety of debates. More importantly there is a number of different ways of categorising forms of ESR depending on the type of realism defended and the strategies adopted to effect such defences (See Ladyman 2007 and Frigg & Votsis 2011 for valuable reviews). I refer to some of them as a program because there are at least two main different lines of argument that are involved to support different structural realist positions and they both have significant implications for a realist understanding of theoretical change in the history of science. Let’s consider each one of them separately. 
The argument from predictive power (see Votsis, 2004, Ch. 6 and Frigg & Votsis 2011, p 240):
 
PP 1) Epistemic warrant is conferred onto a claim through empirical tests, i.e. through successful predictions, and we should therefore only take those parts of a theory seriously that are indispensable for predictions.

PP 2) The only parts of a theory that are indispensable for its predictive power are empirically interpreted mathematical structures. 

PP 3) Empirically interpreted mathematical structures can only reveal the world unobservable structure.
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 Only structural claims can attain epistemic warrant.
Each of the premises PP1-3 is in itself highly contentious. Nevertheless I will not take issue with PP1. On the contrary, I concede it since I take it for the type of premise that allies this variety of ESR with any other form of SeR. While I find PP3 essentially false (see for instance Newman, 1928; Demopoulos & Friedman 1985; Ketland 2004
) and I have argued against it elsewhere (see Cei and French, 2006) I will accept it here for the sake of the discussion. The analysis of the case study will show the implausibility of PP2. My interest for this premise is due to its implications: PP2 corresponds to the view that what actually happens in successful epistemic practices can be seen essentially as the individuation of the appropriate structural features in which to embed the relevant empirical evidence. It may be replied that the arguments explicitly states that we are referring to predictions. Hence we should expect that the structural features at issue actively contribute to track down novel empirical evidence. However, as surprising as it might be when a theoretical framework delivers empirical results that we did not know before, clearly the point here is the conceptual relationship in which empirical results and theoretical assumptions stand. Sometimes, theories account for facts well known at the time of their formulation but that were never taken into account when the theory at hand was designed. In these cases the account is equally remarkable. This novelty from the perspective of the process of inquiry is one of the markers of empirical success that calls for a realist explanation. Given the conclusion of the argument and the content of PP2 in particular, this position suggests that we should expect that structural features of a theory involved in this kind of empirical success are retained, or approximately so, in successive science. The analysis of the case study shows that PP2 can be rejected and the expectation that in virtue of their epistemic warrant the structural features are retained leads us astray in the interpretation of the scientific practice.  
Let us now turn to the argument from the history of science. It summarised as follow: 

HS1 Only two elements get preserved through theory change: (a) the theory’s mathematical formulation and (b) the empirical interpretation of the theory’s terms.

HS2 A theory’s mathematical formulation ‘encodes’ the structure of that theory’s target domain.
HS3 Preservation of an element is a reliable guide to its (approximate) truth.
HS4 Non-preservation of an element is a reliable guide to its (approximate) falsity.
∴ The preservation of structural elements through theory change is a reliable guide of their (approximate) truth. The non-preservation of non-structural elements is a reliable guide of their (approximate) falsity (Frigg & Votsis, 2011, 243, italics mine) 
The argument in this compact form reconstructs the positions argued for in Worrall 1989. In that contribution the case is made through the discussion of the famous retention of Fresnel’s equation for refraction and diffraction in Maxwell’s electromagnetic theory and this form of realism is dated back to Poincaré’s Science and Hypothesis (1909). I will not argue against HS2 - HS4 although I think there is room to dispute the truth of each of them especially for the deep ambiguities veiled by that ‘encodes’ in HS2, - appropriately placed between inverted commas - since there are various conflicting ways to conceive of ‘encode’. Not to mention the fact that is not at all obvious that structural preservation in terms defended here is sufficient to support any realist ambition.
  Let’s concede these premises though. The upshot is a form of preservative realism not too dissimilar from the previous one but defended from the opposite perspective. In this argument we begin with the historical inheritance that, allegedly, shows how the retained theoretical features of successful science are essentially structural and from the current perspective the best explanation for their retention can only be their approximate truth.  My target in this version of the argument for ESR is thus HS1. I intend to show through the case study that HS1 can be rejected and also that a defence of the premise based on the idea of explaining the old success from our current perspective compromises our chances to understand in a realist perspective the impact that the scientific discovery actually had. In particular it will be clear that albeit apparently natural the perspective from current science (the confrontational approach (Shickore 2011; Vickers, 2013)) is characterised by a preoccupying degree of arbitrariness and anachronism in the selection of the modern scientific framework from which we look at the past success.  Let’s now turn to the examination of the case study. In order to provide enough resources for the results I am aiming to the case study is presented in a quite detailed historical fashion.  
 
3. Predicted Interferences
3.1. Old Faraday’s ideas
From 1891 to 1897, Pieter Zeeman carried out a series of experiments in Leyden under the supervision of both Kamerlingh Onnes and Lorentz. In particular, he was after some evidence of the interaction of light with magnetism. More specifically, he was trying to detect an alteration in the frequency of a beam of polarized light crossing a strong magnetic field. Lorentz, in the same period, was after a unified theory of matter, light, electricity and magnetism. Interestingly, Zeeman’s interest referred to a Faraday’s old project. Faraday conjectured that since a magnetic field modifies the way in which light is propagated
 and reflected, it is very likely to modify its frequency. Faraday attempted unsuccessfully to detect such interference. According to Zeeman that failure depended on the low quality of Faraday’s equipment and in his notebooks he observes that “it might be worth while to try the experiment again with the excellent auxiliaries of spectroscopy equipment of the present time, […]” (Kox 1997, 140) When Zeeman started his experiments around 1891, the available theories suggested that the interference was not detectable at all. Oliver Lodge’s memories on this point are indeed quite suggestive: 

“Larmor’s theory of radiation, before the era of the electrons, had shown virtually that if a source of radiation were plunged in a magnetic field, the lines of the spectrum ought to be broadened, because a radiating atom would have been influenced in which that revolving or vibrating atom constituted an electric current [...] He [Larmor] had no idea at the time of anything smaller than an atom that was likely to radiate; and if it were the whole atom radiated, the effect of a magnetic field would have been hopelessly small; for the theory showed that it would depend on the ratio of charge to mass, and the mass of an atom is much too big: nearly 2000 times too big.”(Lodge, 1929, italics mine)    

On these grounds, Larmor still expressed his concerns about the results of Zeeman’s experiment
 in his 1897 mail exchanges with Lodge and FitzGerald and asked Lodge to repeat the experiment. This is noteworthy because the conclusion reported above revolves around a corpuscular theory exactly as in the case of Lorentz. Larmor negative conclusion is based on the assumption that the radiating corpuscle has the size of a hydrogen atom. Lorentz, who is able to account for Zeeman’s results in 1897, conceives of the corpuscle responsible for radiation as far smaller, assuming to deal with the ions of Faraday’s electrolysis. While both the estimations are mistaken, the one of Lorentz has the advantage of making the interaction visible. In terms significant for our discussion, Lodge’s quote is showing how the prediction was not really down to a purely structural elements as outlined in the arguments in the previous section. Rather, at the time physicists were concerned with some of the features of the entity like its mass, its charge and indirectly, its size. 

At the end of 1896 the assumption of Zeeman turned out to be right. A widening in the spectral lines of the light of Sodium emitted in a magnetic field was detected. Lorentz predicted that the widening depended on a splitting of the spectral lines. The splitting was observed in a successive phase. The theoretical explanation was based on an application of the Lorentz force equation. Before getting to the details of experiments and related predictions, let us explore the general picture of these phenomena peculiar to Lorentz’s theory.
3.2 The Dutch Synthesis: introducing Charged Particles in Maxwell’s Electromagnetism 
Theoretical physics at the time of Zeeman’s detections was concerned with an account of the relation between ether and matter. Maxwell’s electromagnetic theory was dramatically successful but nevertheless incapable of accounting for phenomena like optical dispersion, the magneto-optical effects discovered by Kerr and Faraday, the high transparency of metal sheets to light and the electrolysis. All of this required some understanding of the microstructure of matter, electricity, magnetism and light, possibly a unifying theory. Maxwell’s electromagnetism was silent on this issue (See Buchwald, 1985). Precisely these concerns inspired Lorentz’s memoir of 1892. The framework was based on a dualist ontology designed to combine the ontological independence of the charge from the ether, with the idea that any electromagnetic phenomenon is a form of disturbance in a medium. The resulting picture represented the common microphysical structure of matter, electromagnetism and light in terms of the dynamics of charged particles perturbing the ether. Leaving aside their electric charge, particles were classical rigid bodies.  Maxwell’s framework became the theory of ether and electromagnetic processes had to obey maxwellian constraints.  The charged particles were supposed to be the only kind of matter interacting with the ether, the interactions were essentially electric in nature, and the medium itself was completely stationary. The equations of motion were constructed out of the classical template and described the action of an electric (or magnetic) force on charged particles. This theory contained the first formulation of the Lorentz Force. Further, the framework also contained the first inaccurate version of Lorentz’s transformations. The theory was presented as a combination of six hypotheses from which the fundamental laws were derived. It is worth exploring these hypotheses because they provide a description of the properties of ether and charged particles thus giving a clear clue of the kind of picture Lorentz had in mind.

i. “Charged particles have inertial mass and weight. The charged particles are in part mechanical bodies to which the laws of motion apply [...]”(McCormmach 1970, 459).
ii. “T[he] theory identifies the potential energy of an electromagnetic system with its electric energy, which is, in electromagnetic units,
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where f,g,h, is the dielectric displacement at each point of the ether. 
The dielectric displacement satisfies

(δf/δx) + (δg/δy) + (δh/δz)  0        
(2)

outside the charged particle, and

           




(δf/δx) + ( δg/δy) + (δh/δz)  ρ      
(3)

inside, where ρ is the density of electric charge.” (McCormmach 1970,   464) 

From i) and ii) the potential energy of an electromagnetic field is defined as electric energy and this is related to the dielectric displacement in the ether. The dielectric displacement must satisfy (3) i.e. a condition on the conservation of the density of charge at any point of the displacement. Notice that this suggests a deep interplay between the mechanical and electrical features of the theory since the conservation of charge density is “localized” in the particle. Broadly speaking the charge carrier plays the fundamental role in the picture and the charge carrier is a partly mechanical entity. Here the ether, location of the electric interaction, is completely characterised in term of electric energy. This corresponds to attributing to the ether only electrical interactions with charged particles. In other terms Lorentz is not providing any hint on the mechanical structure of the medium and it is simply saying that it is the site of electrical discharges of the ions.  

iii.  “[charged] particles behave like rigid bodies; moreover, each point of a particle preserves the same value of , whatever its motion”.

iv. “the total electric current u, v, w [is defined] as u  ρξ+(δf/δt), v  ρη+(δg/δt), w  ρζ + (δh/δt), where ζ, η, ξ, is the velocity of a given point of a charged particle” (McCormmach 1970, 464)

Before moving on to the laws of the theory, we should devote some time to few peculiarities. First of all, i) to iv) define the particle as a rigid body with inertial mass and weight equipped with an electric charge, whose density has to remain constant during motion. The total electric current in this picture is characterised in terms of the velocity of a given point of a particle: Lorentz theory is giving a molecular picture of electromagnetism where currents are due to translations of particles. The idea of treating electromagnetic interactions as the results of pieces of charged matter whose motions obeys to the laws of mechanics but in keeping with electromagnetic constrains is a way to comply with the empirical urgencies of the time described above but it is also the epistemic strategy that allowed to model the Zeeman Effect. Firstly, this picture will play a heuristic role: as mentioned above, Lorentz was expecting this corpuscle to be the size of the hydrogen ion
, hence something of a size small enough for the interference between radiation and magnetic field to be detectable. 

Let us now go back to the hypotheses. The above four hypotheses provide an immediate element of continuity with Maxwell’s theory since they allow us to retrieve the notion of currents as incompressible fluids. Nevertheless, the incompressibility of currents in Maxwell’s electromagnetism is obtained treating the currents as the result of a strain in surrounding the conductor (Darrigol 1994, 285). In the new theory the currents are due to the motion of charged particles whose charge density is conserved during the motion, for this reason they are incompressible. Returning to the central claims of the theory:
v. defines the kinetic energy of the system in terms of magnetic energy and states that it depends upon the total current.
vi.  states that: “ the location of each point of the ether participating in the electromagnetic motions of the system is determined by the positions of all of the charged particles and by the values of f, g, h at all points in the ether”(McCormmach 1970, 465). 
Adding to these assumptions D’Alembert Law, it is possible to derive the equations of motion in the Ether and achieve the first formulation of the Lorentz Force. In the following, V is the speed of light, f, g and h describe the dielectric displacement at each point in the ether, , , , is the velocity of a given point of a charged particle, and , , , represent the magnetic force. Notice that the system of equation describes the force decomposing it along each single axis and each vector of the electric displacement is associated with one of the axis, 

X = 4V2fd +  ( - ) d

Y = 4V2gd + ( - ) d


(5)

Z = 4V2hd + ( -  ) d
Lorentz derived these equations mechanically; they described the force acting on a particle, whose charge density is ρ, moving through the ether. In particular the first integral on the right side represents the electrostatic force whereas the second integral expresses the force acting on single particle moving through the ether. This system of equations grounds all Lorentz’s successive work in electrodynamics. He always stressed the possibility to reach them thorough different routes either phenomenological or through mechanical considerations as in this case in order to highlight their relative conceptual independence from such strategies (McCormmach, op.cit. 467). Nonetheless, froman explanatiory point of view it is remarkable to see electromagnetism essentially explained on the ground of the interplay of mechanical and electromagnetic considerations. In this sense it is interesting to notice that Lorentz could derive Fresnel’s dragging coefficient from his system of equations. His theory being based on a dualistic ontology in which particles are in motions in a stationary medium, this was an important test. Thus, in the theory of electrons that coefficient acquires a very specific meaning. Lorentz’s ether does not act at all on matter. Conceptually, to think that it can be dragged does not make any sense because there would be nothing that can do the dragging.  On the other hand, there were experimental results, such as Fizeau’s, that required something like a dragging of the ether. Lorentz solved the problem through a system of equations in which the dragging was an appearance due to the interaction of charged matter in motion and the electromagnetic fields (D’Agostino, 1973).  

The mechanical approach not only seems to provide a reasonable basis for the searched unification, but also from the very beginning incorporates all the preceding relevant results. In this sense, Lorentz had quite compelling reasons to maintain that at the ground of optical and magnetic phenomena there was sitting some sort of charged matter. The corpuscular approach, indeed, allowed for some meaningful advancement without losses. From this perspective it can be seen how momentous was for Lorentz’ research program Zeeman’s successful detection. 
3.3 The Interference Detected

In the fall of 1896, Zeeman put a piece of asbestos soaked with common salt and exposed it to the flame between the arms of a Rumkorf magnet. A Rowland grate
 provided the analysis of the line spectra. He described as follows what he was able to detect: 

“If the current was put on, the two D-lines [the D-spectral lines] were distinctly widened. If the current was cut off, they return to their original position. The appearing and disappearing of the widening was simultaneous with the putting on and off the current.”(Zeeman 1897, 227) 

So, the first outcome was a widening in the lines of the light emitted by the sodium. It is important to observe that no splitting of the lines was found at this stage. Zeeman himself informed Lorentz of the outcome and hence reported officially the result to the faculty. Two days later Lorentz communicated his account. His model resolved the broadening of the lines into a more complex pattern of splitting and described accurately the structure of each line. In this sense the explanation was namely a prediction of an unobserved phenomenon. Also, it is worth noticing that there was no available explanation of such a phenomenon other than one that postulated a sufficiently small bearer for the electric charge. So by all means this was a novel prediction.                                      

3.4 The theoretical Analysis 

The model provided is based on the Lorentz Force but the notation below is due to the new vectorial formulation that Lorentz obtained for (5) by the end of 1895

:

K = e (E + vH/c) (I) 

Where H and E are respectively the magnetic and electric field and e and v are the charge and the velocity of the particle (Lorentz, 1895). Particular attention has to be given here to the decision of treating the new phenomenology along the lines of the equations of the 1895 contribution. The choice for that framework helps to show, in my view, that the idea of a corpuscle here intended as the spherical rigid body was playing a purely heuristic role, and it is a more specific property that is crucial for the derivation of the effect. In the 1895 contribution, Lorentz did not simply reformulate the equations of 1892 theory in vector notation but introduced them as a self standing hypothesis. Now, it is clear from Lorentz’s language that he still thinking in terms of electric ions, so the corpuscle is still in the background of his reasoning; but there are significant changes in the formal patterns adopted. The Lagrangian version of the 1892 expressed those forces in relation to the charge density; the density of charge ρ, as we have seen above, is assumed to be constant at any point of the motion of the corpuscle. A natural way to understand this is assuming that the corpuscle is a rigid body
. Now, notice that in the explanation adopted by Lorentz there is no direct reference to the density of charge. On the contrary, he treated the phenomenon through his own Force equation but followed the same line of reasoning of Larmor as mentioned in Lodge’s quote above. Lorentz explains the widening of the line spectra as an alteration of the frequency of the radiation due to the action of a Force on a particle with a certain value of e/m. In other terms, if a particle of a given charge has the right mass, when we accelerate it in a magnetic field we detect an alteration in the period of its vibrations. Whether or not we are dealing with a rigid body is a purely heuristic consideration. Essentially this derivation depends on the particle size that the charge to mass ratio indirectly expresses. A value of e/m that is sufficiently small is one of the quantitative constraints that this material constituent needs to satisfy. As for the structure of the particle the derivation is silent and leaves open various possibilities. After all the nature of electron is still largely mysterious at the time of the prediction and there were no quantitative information about the charge and the mass. The only expectation that a theoretical physicist could have at the time was that the electron had spatial extension.  
Let us turn to the details of the prediction now. Let z be the direction of the field H, these are the equation of motion of a charged particle performing harmonic oscillations once a magnetic field is applied  
m (d2x/dt 2) = -kx + (eH/C) (dy/dt)                        (6)

m (d2y/dt 2) = -ky - (eH/C) (dx/dt)                          (7)

m (d2z/dt 2) = -kz                                                     
     (8)

The general solution of the last equation is:

z = a cos(ω0t + p )  


      (9)
a and p are constants and the value of frequency ω0 = 2π(k/m)1/2
At this point, it is possible to derive two solutions for each (6) and (7) by means of which two more values of frequency are obtained: 

ω 12 =  ω 02  +    [(eH)/(mC)] ω 1  (10)

ω 22 =  ω 02  -    [(eH)/(mC)] ω 2   (11)

ω 0 is the unaltered frequency since z is both the direction of the light and the direction of the field H. From the mechanical point of view, the model treats the electron as an harmonic oscillator, this is what is expressed in the equation (6), (7), (8) -if we ignore the electromagnetic terms added in the extreme right side in (6) and (7)- once a magnetic field is applied, the particle experiences a Lorentz Force and the period of its motion is altered according to the relations expressed by the electromagnetic terms, i.e. a charged corpuscle of a certain mass moving of harmonic motion to which is applied a force. The idea runs as follows: the electron is responsible for light emission. It has an oscillatory motion with arbitrary direction in space. This motion can be resolved in three oscillatory components of the same frequency: a linear oscillation and two circular oscillations, the two circular being one clockwise and the other anticlockwise. When a magnetic field is applied because of Lorentz’s force acting on the particle we have two different outcomes both depending upon the direction of the detection.

a) If the system is observed along the direction of the field, then we have the pattern of splitting described above: two lines, one broader than the other since the component in the direction of the field remains unaltered. The two lines observed together are wider than the line in the absence of the field, i.e. precisely Zeeman’s first observation.

b) If the system is observed perpendicularly to the direction of the field then a “triplet” is detected. The pattern of interference has to involve the three components, with three plane polarized lines. The middle component has to have a direction parallel to the field and the other components have to maintain a direction perpendicular to the field. 

This is exactly what Zeeman detected in a further experience with the blue line of Cadmium, and this was not the only result ( Kox 1997). 

3.5 The ratio e/m of the electron

Once the alteration of the frequencies had been calculated using the model, the terms in the system of equations above were all corresponding to known values and therefore extracting the ratio e/m of the particle was just a matter of brute reckoning
: 

“If the change of the period is represented by δT, then [with δ(1/T) = -δT/T2] the positive or negative change of T is given by: δT = (H/4π)(e/m)T2   (3)  […]. If δT is measured during the experiment, and H and T are known, the ratio e/m of the electron may be determined with the aid of formula (3)”[…] “From the measured widening by means of the equation (3) the ratio e/m may now be deduced. It thus appears that e/m is of the order of magnitude 107 [emu/g]” (Zeeman 1913, 33). 

Interestingly, Zeeman reports about the expectations regarding the outcome of this measurement. They were not expecting to find a new constituent of matter. The Faraday’s ion was still the core of their expectations, the discovery was supposed to show that the ions made manifest by electrolysis are responsible for the whole of electromagnetic phenomena as well as for the constitution of matter (Kox 1997, 142).
We now know that Zeeman’s and Lorentz’s success were short-lived since new instances of interaction between light and magnetism similar to Zeeman’s ones were soon found and there was no way to provide explanation for them through the Lorentzian framework. Mature Quantum Theory had to step in some 30 years later.        

4. Concluding Remarks 

We deal with a theory that provides a strong prediction that eventually delivers to the successive theories stable theoretical constituents: the estimation of the size of the electron through the measure of the value of the ratio e/m, to say the least. Of course, the Lorentz Force equation is still valid in contemporary electrodynamics. A further generalization of Lorentz’s results lead to the Larmor Precession formula (via Larmor Theorem) and to the Larmor Power that respectively describe the effect of precession on the orbit of a classical electron due to the effect of a magnetic field and the power radiated by a moving charge. Both the results can be obtained in contemporary electromagnetic theories and can be derived from relativistic considerations
.  Is not this enough to make the case for a structural realist reading? In many respects it does not. True, it is easy to see in the retention of all these formal features an instance of the kind stability that we would expect considering the two premises I am taking issues with. 

After all according to 

PP 2 The only parts of a theory that are indispensable for its predictive power are empirically interpreted mathematical structures. 

And according to
HS1 Only two elements get preserved through theory change: (a) the theory’s mathematical formulation and (b) the empirical interpretation of the theory’s terms.

There is no doubt that Lorentz’s account led to further theoretical developments that are still valid in current electrodynamics and, most importantly, once you have a covariant version of electromagnetism you can derive the Lorentz Force equation and provide exactly the same treatment that Lorentz offered in 1897. Such developments have an undisputable formal outlook. The point is that their retention in current electromagnetism is irrelevant because we do not consider current electromagnetism as holding the correct account of the effects named after Zeeman. The Zeeman effect is a quantum mechanical phenomenon. Let’s consider the two premises in turn then. Sticking with PP2 we would expect that the prediction depended essentially structural, i.e. logico-mathematical features appropriately interpreted. We have seen that this was not the case. Theories significantly similar in their formal structure were disagreeing on the detectability of the patterns of interference and their disagreement depended on a issue of size which is surely a physical property, a property quantitatively estimated through the relation between other two properties, mass and charge
. Furthermore, it is hard to pin down what is meant here by empirically interpreted mathematical structure given that any measurement of mass and charge of the electron in isolation was yet to come. So the prediction was not due solely to mathematical structures and their empirical interpretation. Claims about the nature of the entities involved in the process at stake played a significant role as well. Even more interesting is the issue of what should we expect to retain in virtue of the epistemic warrant granted by this empirical success. According to the PP version of ESR we should expect to see at least a part of the logico-mathematical machinery adopted in the prediction to be retained in current science. It is but not in the theory of the Zeeman effect where the only track of the classical account is a semi-classical model used to simplify calculations in the so-called normal case. The model is not considered more than an effective tool while the general theory of the Zeeman effect is a quantum perturbation theory built on completely different formal tools and based on the notion of spin. It can be shown that even in the current theory the value of the charge to mass ratio plays a role but most importantly the theoretical claims that have gained full considerations and epistemic warranty are instead the more general ones concerning the implementation of molecular consideration in electromagnetic reasoning. The confirmation provided by Zeeman’s results for this pattern of investigation remained with physics of the time well beyond the demise of Lorentz’s theory of electrons and its replacement by Quantum theory. Track of this can be seen in the semi-classical model that I mentioned above and that for a long period constituted the main tool of investigation in the novel domain open by Zeeman’s investigations.
What should we do of HS1 and of the approach that looks to past success through the lenses of currently accredited science? The premise is historically falsified if we look at the formal relationships between the quantum theoretical picture and the lorentzian one. Unless we wish to focus on the semi-classical mode case in which we can easily see formal similarities. In this case, though we would reach conclusion in open conflict with physical practice. For current physicists clearly consider that model as a purely pragmatic tool that makes calculations easy.  What is more evident in this contest is the arbitrariness of the choice of the current theory to consider the accepted one: is it the semi-classical model or is it the relativistic account that preserve intact the formal features of the lorentzian account or is it the quantum mechanical general account? Because of the choice to look from the present to the past success ESR seems caught in dilemma: either showing the preserved formal structure or making sense of the practice that we currently hold as correct.

_____________________________________________________
� Here empirical success is usually intended as a form of explanatory success concerning phenomena that were not taken into account when the theory was formulated (see for instance Kitcher 1989; Leplin, 1992; Psillos 1999) Here I will leave aside the interesting issues related to the characterisation of the notion of explanatory success in the context of the scientific realism debate. 


� Worrall 2007 () goes back precisely to this point acknowledging the potential for dissent. On the other hand not even the forms of structural preservations indicated in Worrall 1989 are all exempt by criticism in a realist perspective (Redhead, 2001, 83-88)  


� The Faraday Effect is precisely the change of plane of polarization of a light beam propagating in a medium plunged in a magnetic field. 


� See O. Lodge “The last discovery in physics”, The Electrician, 38, (1897), 568-570. He reported also on Larmor’s request to reproduce the experiment Zeeman had just published in Nature, in “The History of Zeeman’s Discovery and its reception in England” Nature 109 (1922). See Arabatzis (1992, pp 378-79).  Indeed, Larmor immediately realised that if the experiment was correct, it constituted evidence of the existence of a further constituent of matter, responsible for electricity, magnetism and light.


� Interestingly Lorentz first reaction to Zeeman’s measurement of e/m is of disappointment precisely because it is not of the right size to be ascribable to the ion of the electrolysis. See Kox (1997), p 142


� A Rowland grate consists of pieces of metal or glass ruled with a very large number of parallel lines, typically separated by a distance comparable to the wavelength of light. On the extreme accuracy of such lines depends the efficiency of the device. Light rays that pass through such a surface are bent because of diffraction. The diffraction angle depends on the wavelength of the light and this is how the grate provides an accurate spectroscopic analysis of a light beam: it essentially splits light in its wavelength. A Rumkorf magnet is a powerful electrically operated magnet capable of producing a very strong magnetic field.


� The notation appears for the first time, in Lorentz, Hendrick, Antoon (1895), “Versuch Einer Theorie der Electrischen und Optischen  Erscheinungen in Bewetgen Kögen”, in Collected Papers, (eds Zeeman, P., and Fokker, A.D.)Vol. 5, Hague: Nijhoff, 1935-193





� Lorentz later postualated a deformable electron. This picture could also account for the Zeeman effect. The Zeeman effect can be explained in a classic framework only for velocities small compared to the speed of light. For such velocities the deformation of the particle would approximate the rigidity.


� Zeeman (1897) claims that even this element was highlighted in Lorentz’s explanation and the theoretician suggested to derive the value of e/m by the amplitude of the widen line spectra


� See J. Larmor, "On a dynamical theory of the electric and luminiferous medium", Philosophical Transactions of the Royal Society 190, (1897) pp.205-300; Edward Purcell has shown how to derive Larmor’s results from relativistic considerations. A simplified version of Purcell’s approach can be found in Schroeder � HYPERLINK "http://physics.weber.edu/schroeder/mrr/MRRtalk.html" �http://physics.weber.edu/schroeder/mrr/MRRtalk.html�   


� Elsewhere (Cei, 2005) I suggested that the Structural Realist could evade this conundrum by adopting a view in which physical relations, as opposed to purely mathematical ones, were used to characterize (re-conceptualise) such properties.   





�Better “disputable depending on how we characterise empirically interepreted mathematical structure” (add ref Cei forthcoming)
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