
 

 

RWTH Aachen Philosophy of Physics Discussion Seminar 

Summer Semester 2017 

List of Set Topics & Further Possible Topics 

Please contact the organisers via https://philphysaachen.wordpress.com if  
you have trouble accessing the readings 

  
Phil. = Philosophical topic 
Hist. = Historical topic 
 

Set Topics 
 
1. Gauge Invariance and Non-Locality in the Aharanov-Bohm Effect (Monday 15 May; Phil.) 
In the Aharanov-Bohm (AB) effect, the presence of a magnetic flux in between the two slits of a  
 quantum mechanical double slit experiment causes a phase shift in the interference pattern  
 that is proportional to this flux. A visible shift in the electron wave function is produced by  
 the magnetic field even though the magnetic field is non-zero only in regions where the  
 wave function itself is zero. How does the magnetic field influence the wave function if they  
 are never both non-zero in the same spatial region? One suggestion is that it is the  
 background vector potential, rather than the magnetic field, that directly influences the  
 electron wave function. However, this seems to grant the status of physical existence to the  
 vector potential even though the vector potential is widely regarded as a purely gauge- 
 dependent object. Thus, the AB effect on its face seems to violate either locality or gauge  
 invariance, though a set of widely shared physical intuitions demands that we preserve  
 both. We will consider attempts to address this puzzle.   

- Healey, “Nonlocality and the Aharanov-Bohm Effect” (only this reading is expected of you) 
(http://www.journals.uchicago.edu/doi/abs/10.1086/392534) 

- Maudlin, “Healey on the Aharonov-Bohm Effect” 
(http://www.journals.uchicago.edu/doi/pdfplus/10.1086/392644) 

- Healey, “Quantum Analogies: A Reply to Maudlin” 
(http://www.journals.uchicago.edu/doi/abs/10.1086/392696) 

- Wallace, “Deflating the Aharanov-Bohm Effect” (https://arxiv.org/pdf/1407.5073.pdf) 
 

2. Physically Realistic Interpretations of the Higgs Mechanism (Monday 29 May; Phil.) 
According to standard presentations of the Higgs mechanism in quantum field theory,  
 gauge bosons in a spontaneously broken gauge theory acquire mass by “eating” the  
 degrees of freedom associated with massless Goldstone bosons. Yet on its face, it seems 
 puzzling that a physical property such as mass can be acquired as a consequence of re- 
 allocating degrees of freedom that are typically regarded as unphysical.  
- Smeenk, “The Elusive Higgs Mechanism” (only this reading is expected of you) 
(http://www.jstor.org/stable/pdf/10.1086/518324.pdf) 
- Struyve, “Gauge Invariant Accounts of the Higgs Mechanism” (https://arxiv.org/abs/1102.0468) 
 

Possible further topics 
• To be voted upon during the first session 
• Alternative suggestions are appreciated, especially in cosmology. 

  
3. Conceptual Foundations of Renormalization Theory (Phil.)  
The procedure of renormalization in quantum field theory was originally regarded with  
 suspicion when it was first introduced, in part because it seemed to sweep divergences of 
 perturbative QFT "under the rug" without providing a clear physical picture to justify this  
 procedure. We will consider to what extent the Wilsonian or effective field theory view of  
 renormalization addresses such worries, and other conceptual attitudes that might be taken 
 toward the renormalization procedure. 



 

 

- Wallace, “In Defense of Naivete: The Conceptual Status of Lagrangian Quantum Field Theory” 
(https://arxiv.org/abs/quant-ph/0112148) 

- Butterfield, Bouatta “Renormalization for Philosophers” (https://arxiv.org/abs/1406.4532) 
 
4. Naturalness as a Guide to Model-Building in Particle Physics (Phil.) 
The naturalness principle in particle physics has served as a major guide in the exploration of  
 models beyond the Standard Model, including models of supersymmetry, large extra  
 dimensions, and technicolor. We will examine various interpretations of the naturalness  
 principle and its relationship to the fine-tuning and hierarchy problems. We will also  
 consider to what extent naturalness should be taken seriously as a constraint on future  
 physics models.  
- Williams, “Naturalness, the Autonomy of Scales, and the 125 GeV Higgs” (http://philsci-
archive.pitt.edu/11529/) 

 
5. Einstein’s Hole Argument and the Foundations of General Relativity (Phil.) 
The property of general covariance in Einstein’s general theory of relativity implies that  
 there is a very large degree of mathematical redundancy in how general relativity  
 represents the structure of spacetime. Which aspects of the formalism of GR represent real 
 features of spacetime, and which are merely artefacts of our mathematical description (e.g., 
 our choice of coordinate system). Einstein’s 1913 “hole argument,” including its modern  
 formulation by Norton, Stachel, and Earman, throws this issue into particularly sharp relief. 

- Norton, “The Hole Argument” (https://plato.stanford.edu/entries/spacetime-holearg/) 

- Stachel, “The Hole Argument and Some Physical and Philosophical Implications” 
(https://link.springer.com/article/10.12942/lrr-2014-1) 

 
6. Decoherence and The Measurement Problem in Quantum Theory (Phil.) 
Standard textbook presentations of quantum mechanics stipulate that the quantum state evolves  
 deterministically according to Schrodinger’s equation, except when “measurements” occur,  
 at which point the state collapses probabilistically onto the eigenstate of some Hermitian  
 observable. Is the collapse process real or merely apparent? When exactly do collapses  
 occur? Precisely what sort of physical process constitutes a measurement? What physical  
 considerations determine the basis onto which the quantum state collapses? Does the  
 quantum state represent a real physical entity, or does it merely represent our ignorance of  
 some deeper unknown properties of the system?  

- Wallace, “The Measurement Problem: State of Play” (https://arxiv.org/abs/0712.0149) 

- Wallace, “Decoherence and Its Role in the Modern Measurement Problem” 
(https://arxiv.org/abs/1111.2187) 

- Albert, Quantum Mechanics and Experience (https://www.amazon.de/Quantum-Mechanics-
Experience-David-Albert/dp/0674741137) 

 
7. The Arrow of Time in Statistical Mechanics (Phil.) 
By and large, the microscopic laws of physics are time-symmetric in the sense that the time  
 reverse of any solution to the corresponding equations of motion is also a solution. Yet  
 most of the phenomena around us clearly do not happen in reverse: eggs break but don’t  
 un-break, we age but don’t grow younger, milk mixes into coffee but does not  
 spontaneously un-mix. While the resolution to this problem is often attributed to a special  
 choice of low-entropy initial conditions, this suggestion itself raises several more detailed  
 puzzles.  
- Callender, “Thermodynamic Asymmetries in Time” (https://plato.stanford.edu/entries/time-
thermo/) 

 
8. Reconciling Special Relativity and Quantum Non-Locality (Phil.) 
While special relativity is thought to prohibit non-local influences between space-like separated  
 events, quantum entanglement seems to allow for a particular type of instantaneous  
 connection between space-like separated subsystems. How can the Lorentz invariance  



 

 

 demanded by special relativity be reconciled with the non-locality brought about by  
 quantum entanglement? 
- Maudlin, Quantum Non-Locality and Relativity (https://www.amazon.com/Quantum-Non-Locality-
Relativity-Metaphysical-Intimations/dp/1444331272) 

 
9. The Emergence of Particles in Interacting QFT (Phil.)  
While non-interacting quantum field theory provides a relatively unproblematic account of how  
 particles emerge as excitations of a quantum field, the emergence of particles in the context  
 of interacting quantum field theory is a great deal more subtle, in part because of various  
 technical obstacles, including Haag’s Theorem, that prevent us from defining states that  
 have all of the properties that one might intuitively wish to ascribe to a “particle.” We will  
 consider how particles in interacting QFT are treated in practice, and to what extent this  
 gets around the difficulties of defining the concept of particle rigorously in the context of  
 interacting QFT. 

- Bain, “Against Particle/Field Duality: Asymptotic Particle States and Interpolating Fields in 
Interacting QFT” (https://www.jstor.org/stable/20013021?seq=1#page_scan_tab_contents) 

- Fraser, “The Fate of ‘Particles’ in Quantum Field Theories with Interactions’” (http://philsci-
archive.pitt.edu/4038/1/fraser-particles-qft.pdf) 

 
10. The Meaning of Classical Physics (Hist.) 
We use the term ‘classical physics’ all the time to talk about physics prior to the development of  
 relativity and quantum mechanics, but what exactly does it mean? We will consider both  
 current uses and the historical development of the term in order to sharpen our conceptual  
 understanding and shed some light upon the varied purposes to which it is put. 

- Staley, Einstein’s Generation: The Origins of the Relativity Revolution (Chicago, 2008), ch. 9 ‘On 
the co-creation of classical and modern physics’ 

- Mitchell and Gooday, ‘Rethinking Classical Physics’, in Buchwald and Fox (eds), The Oxford 
Handbook of the History of Physics (OUP, 2013), ch. 24 

 
11. The Historical Reception of General Relativity (Hist.) 
When Einstein published his general theory of relativity only a handful of mathematical physicists  
 had the necessary training to understand and develop it. One of these was Arthur  
 Eddington, who was trained at Cambridge, historically one of the most important centres for  
 the production of mathematical physicists during the nineteenth century. We will use this  
 case study to reflect upon the role of mathematical training in the uptake of scientific  
 theories more generally. 

- Warwick, Masters of Theory: Cambridge and the Rise of Mathematical Physics (Chicago, 2003), 
ch. 8 ‘Through the Convex Looking Glass: A. S. Eddington and the Cambridge Reception of 
Einstein’s General Theory of Relativity  

 
12. Other possible topics (Phil.)   

• Quantum Logic 

• Quantum Information 

• Fine-tuning in Cosmology 

• Is the metric field “space-time” or “matter”? 

• Virtual particles 

• Explanator power & Underdetermination: Dark matter vs. modified gravity 

• Parity violation 

• Non-empirical theory confirmation: String Theory 

• General philosophy of science 
o Scientific Explanation 
o Realism vs. Anti-Realism 
o Laws of Nature 

• … 


