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This paper is concerned with PAM Dirac’s 1928 prediction of the positron. I argue that 
although this prediction has been subject to many analyses by philosophers and historians 
of physics, a satisfactory philosophical framework able to accommodate it is still 
missing.1 I first explain why Dirac’s predictive reasoning is methodologically puzzling 
and then I outline two possible ways to approach this difficulty. More specifically, the 
tension I draw attention to is this. On one hand, prediction, as a fundamental scientific 
practice is typically accounted for within the deductive-nomological (DN) model2; 
moreover, it is unquestionable that this model is powerful enough to accommodate the 
vast majority of predictions ever made in science. On the other hand, this model can’t be 
successfully applied to the Dirac case. After I show why this is so, I suggest that this 
tension can be approached in two ways. One option is to straightforwardly deny that 
Dirac’s achievement should be recognized as a case of prediction, since it does not fit the 
standard methodology. Another, less radical, option is to dissolve the tension by allowing 
the supplementation of the DN model with other predictive models. However, how 
exactly this supplementation should be accomplished (i.e., what these other models look 
like) is rather unclear. 
 
Dirac first mentions a phenomenon – amounting to the existence of a particle – “which 
has not been observed” in his masterful paper “The Quantum Theory of the Electron” 
(1928, p. 612). His reasoning proceeds along the following lines.3 An electron with 
charge –e0 has potential energy –e0φ; the wave function ψ of such an electron evolves 
according to the Dirac equation4; call this equation De. Relatively straightforward 

                                                 
1 Other predictions holding pride of place in the recent history of physics (such as Gell-Mann and 
Ne’eman’s prediction of the Omega Minus particle in 1962) are subject to the same difficulty. I provide an 
analysis of this historical episode in my (2008). 
2 Barrett and Stanford (2006) 
3 Pais (1986, p. 348). 
4More precisely, De: ih∂ψ/∂t = (– ichαx∂/∂x + βm0c2 – e0φ) ψ. 



manipulations of De lead 5 to another equation6; call it Dp. Once Dp is derived, the 
predictive argument takes this form: 
 

(a) De has a physical interpretation 
 
(b) De and Dp have the same mathematical form 
 
Therefore 
 
(c) Dp has a physical interpretation 

 
Since the quantum theory as a whole does not preclude descriptions like Dp (Dirac 1928, 
p. 612-3), the wave function featuring in it might describe a new unknown entity. As Dp 
suggests, this particle should have the same mass as the electron (m0) and opposite 
electrical charge. The experimentalist Anderson identified this particle (to be called ‘the 
positron’; hence Dp) in 1932. 
 
After I spell out the (a) – (c) reasoning, I show that it can’t be captured by the standard 
DN model of predictive reasoning – where the DN model construes prediction as 
deduction from some laws of nature and some initial conditions. I emphasize the 
difference between the character of prediction in the DN model (employed, for instance, 
in Fresnel’s prediction of the bright spot or in Einstein’s prediction of the bending of light 
rays) and the analogical character of Dirac’s prediction. What is striking about 
conclusion (c) is that it just does not deductively follow from the premises (a) and (b); the 
role of these premises seems to be to circumscribe the space of possibilities, to indicate 
what could happen, not what must happen – unlike the typical DN cases. 
 
So, the DN model fails to accommodate Dirac’s analogical reasoning, and one might ask 
what is the more general significance of this failure. One possibility is to argue that it 
renders Dirac’s result methodologically suspect. Unlike Fresnel’s, Dirac’s reasoning 
lacks deductive force, appearing to be grounded in his well-known quasi-mystical 
Pythagorean convictions about the power of mathematical analogies to reveal the deep 
structure of physical reality (see the Intro to Dirac 1931, p. 60). Consequently, Dirac’s 
reasoning should perhaps be described as a lucky Pythagorean prophecy rather than an 
example of scientific prediction – and physics textbooks should inform their readers 
accordingly. Yet one could also suggest that the lesson of this failure is different: rather 
than suspecting Dirac’s result, we should review our methodological standards (for what 
counts as a sound predictive reasoning). In other words, the mismatch between the DN 
model and Dirac’s analogical reasoning should be taken to indicate that a form of 
methodological pluralism about prediction is more appropriate. 
 
While I find this pluralist approach appealing, it is not clear how this rethinking should 
proceed. It is an open question what a predictive model able to supplement the DN one 

                                                 
5 I detail this derivation in the appendix. See also J. Kvasnica (1966, §36-38) 
6 Dp: ih∂ψ(p)/∂t = (– ichαx∂/∂x + βm0c2 + e0φ)ψ(p). 
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(and thus able to accommodate Dirac’s prediction) looks like. The central difficulty to 
find such a model is not so much that the Dirac reasoning is analogical (this is quite 
common in science); it is rather to provide an elucidation of how this particular kind of 
analogy, a formal / mathematical analogy, can be invested with physical significance at 
all. Dp is formally similar to De, and this at best makes Dp a possible description of some 
physical reality. The difficulty then consists in explicating what justifies the step from 
‘possible’ to ‘actual’7 (i.e., the very predictive step), while avoiding the implausible 
solution offered so far in the literature, where the justification is given in terms of 
physicists’ commitment to metaphysical principles, such as (variants of) Leibniz’s 
Principle of Plenitude8. 
 
The direction I propose to follow in articulating this elucidation is to emphasize one less 
mysterious, and less discussed, feature of Dirac’s predictive reasoning, namely his appeal 
to causal considerations.9 This is especially important to stress since recent work on 
causation (e.g., in Price and Corry's 2007 collection) suggests that this notion lacks any 
fundamental role in modern physics. I maintain, however, that the positron story is 
relevant enough to cast doubts on such a view. After I isolate these considerations and 
identify how they intervene in his predictive argument, I argue that they were necessary 
(though not sufficient) to ensure its validity. 
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Appendix 
 
Consider the Dirac equation (1-dim): 
 
[De ]                          ih∂ψ/∂t = (– ichαx∂/∂x + βm0c2 – e0φ) ψ 
 
Taking the complex conjugate, and multiplying both sides by (–1), we obtain 
 

ih∂ψ*/∂t = (– ichαx∂/∂x – βm0c2 + e0φ) ψ* 
 
given that that i* = -i and that αx and β are real. (Matrices αx and β are real as they satisfy 
(px

2 + m0
2c2) ½ = αxpx + βm0c, where px is the x-component of the linear momentum p of 

the particle.) 
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Multiplying the later relation by a matrix C such that Cαx = αxC and Cβ = – βC, we get  
 

ih∂(Cψ*)/∂t = (– ichCαx∂/∂x – Cβm0c2 + e0φC) ψ* 
 
which can be rewritten as 
 

ih∂(Cψ*)/∂t = (– ichαx∂/∂x + βm0c2 + e0φ)Cψ* 
 
Relabeling ψ(p) = Cψ*, we get 
 
[Dp]                         ih∂ψ(p)/∂t = (– ichαx∂/∂x + βm0c2 + e0φ)ψ(p) 
 


