
The Gauge Principle: Physical Fields vs. Mathematical Ghosts 

 

Guy Hetzroni 

Department of Natural Sciences, The Open University of Israel 

and 

Program in the History and Philosophy of Science, The Hebrew University of Jerusalem 

 

Gauge symmetries, a major cornerstone of modern physics, provide the principle through 

which the laws governing all fundamental interactions can be formulated. Yet, the 

significance of the concept of gauge conflicts with its common construal in physics literature, 

based on the ideas of Herman Weyl and Eugene Wigner, as a matter of mere representation 

or convention. This conflict is the basis of several related foundational questions regarding 

gauge symmetries that have been raised by different thinkers (including Paul Teller1, Harvey 

Brown2, Michael Redhead3 and others). Most of these questions involve the gauge principle 

(also referred to as the gauge argument), namely, the introduction of an interaction into a 

theory of a free field by imposing the demand that a global symmetry would hold as a local 

symmetry. At the core of these worries is the far-reaching role played by theoretical and 

mathematical considerations in justifying the way laws are formulated. This role appears to 

leave little room, if any, for understanding the laws based on properties of the physical world. 

The aim of my talk is to present a new account of the gauge principle that includes a clear-

cut distinction between considerations that are mathematical and a priori, and those that 

appeal to properties of the physical world and to empirical knowledge. The account is 

presented using two principles. The first, a symmetry principle, expresses the desideratum 

that a change in the choice of representation would not change the form of laws of physics. 

The second, a methodological principle, sets off from violations of the symmetry principle in 

a given theory, and guides an ampliative step in which an extended theory is constructed. 

The extended theory is of greater scope than the original theory, and it avoids the violations 
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of the symmetry principle. Some empirical input is essential for its construction. The 

methodological principle is based on the postulate that every passive change of 

representation in the original theory has a corresponding active transformation of identical 

form, which amounts to an actual change in the state of the original system with respect to 

an external physical object.  The bewilderment regarding the gauge principle is significantly 

reduced, I claim, once the confusion between these two kinds of transformations (and, 

accordingly, between mathematical connections and physical fields) is avoided.  

I shall demonstrate the workings of the principles in the context of two different gauge 

theories. The electromagnetic coupling of a quantum particle4, and the formulation of the 

general theory of relativity based on Einstein’s general principle of relativity and his 

principle of equivalence.  

The suggested account of gauge symmetries is in strong agreement with a recent claim by 

Carlo Rovelli5, which states that the applicability of the concept of gauge reflects the 

relational nature of fundamental dynamical quantities. I suggest a way to understand Mach’s 

principle as a minimalistic application of the presented methodological principle, and 

suggest to understand the presented cases by analogy with it.  To conclude, I discuss the 

implications of this view on the realism debate, distinguishing between a realist view of 

objects and a realist view of dynamical properties.  
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