
Contents 

Part I Foundations of Casimir Theory 

1 Introduction 3 
1.1 Casimir's Thought-Experiment 3 

1.1.1 The Ground State Field Energy 3 
1.1.2 Regularising the Energy  
1.1.3 The Finite Casimir Force  
1.1.4 Renormalisation and Background Energies 9 

1.2 Dispersion Forces  
1.2.1 Van der Waals Forces 12 
1.2.2 Casimir-Polder Forces 15 
1.2.3 Casimir-Lifshitz Forces 19 

1.3 Experimental Evidence 20 
1.3.1 Early Measurements 20 
1.3.2 High Precision Measurements 22 

References 23 

2 Macroscopic Quantum Electrodynamics 25 
 Field Quantisation in Vacuum 25 

2.1.1 Quantising the Light Field 25 
2.1.2 Maxwell's Equations 26 
2.1.3 The Quantum Light Mode 27 
2.1.4 Zero-Point Energy 28 
2.1.5 External Boundaries on a Quantum Field 28 

2.2 Field Quantisation in Media 29 
2.2.1 The Macroscopic Maxwell Equations 29 
2.2.2 Quantum Noise 30 
2.2.3 Bosonic Field Operators  
2.2.4 Field Fluctuations  

Surprises in Theoretical Casimir Physics
2015

digitalisiert durch
IDS Basel/Bern, im Auftrag der
Schweizerischen Nationalbibliothek



Contents 

2.2.5 The Fundamental Fields 33 
2.2.6 The  35 
2.2.7 Photons and Polaritons 35 

2.3 The Casimir Force Density 36 
2.3.1 The Stress Tensor 36 
2.3.2 Averaging over the Quantum Stress Tensor 46 
2.3.3 Regularising the Stress Tensor 47 

2.4 The Lifshitz Result for Two Half-spaces 49 
 The Force in a Dielectric Sandwich 49 

2.4.2 The Casimir Force in the Limit 54 
2.4.3  Repulsive Mirrors 55 

References 55 

The Quantum Nature of the Casimir Force 57 
3.1 Diverging Accounts of the Casimir Effect 57 
3.2 Three Theories of the Casimir Force 58 

3.2.1 Casimir's Theory and the Quantum Vacuum 58 
3.2.2 Lifshitz Theory and Stochastic Fluctuations 60 
3.2.3 Macroscopic QED and the Polariton Field 61 

3.3 Three Ontologies of the Casimir Effect 63 
3.3.1 Semi-classical Ontologies 63 
3.3.2 A Dual-Aspect Quantum Ontology 65 

3.4 Summary Remarks 66 
References 66 

Part II Surprises in Casimir Theory 

4 The Cut-off Independence of the Casimir Energy  
4.1 Beyond Homogeneous Media 71 
4.2 An Inhomogeneous Casimir Piston 72 

4.2.1 The Modified Casimir Energy 72 
4.2.2 The Modified Eigenfrequencies 73 
4.2.3 Frequency Perturbations 76 
4.2.4 Field Energy Perturbations 79 
4.2.5 Removing the  83 
4.2.6 Special Cases 88 

4.3 Summary Remarks 88 
4.3.1 The Cut-off Independence of the Casimir Energy 88 
4.3.2 Possible Objections 89 

References 89 



Contents 

The Divergence of the Casimir Stress 91 
5.1 The Casimir Force in Real Media 91 
5.2 The Regularised Stress in the Continuum Limit 92 

5.2.1 The Stress Tensor for a Rectangular Cavity 92 
5.2.2 An Anticipated Divergence 93 

5.3 Transfer Matrices for the Electromagnetic Field 94 
5.3.1 Single-Interface Transfer Matrix 94 
5.3.2 Multilayer Transfer Matrix and Reflection 

Coefficients 100 
5.3.3 Approximate Transfer Matrices 

for an Inhomogeneous Medium 101 
5.4 The Casimir Stress in an Inhomogeneous Medium 106 

5.4.1 The High-Wavenumber Divergence 107 
5.4.2 A Numerical Illustration  
5.4.3 Speculations on Spatial Dispersion  

5.5 Summary Remarks  
References  

Part III Conundrums in Casimir Theory 

6 The Casimir Force in a 'Compressive' Medium  
6.1 The Paradox of Transformation Media  
6.2 The Casimir Force in a 'Compressed' Cavity 120 

6.2.1 Properties of the  120 
6.2.2 Modifying the Casimir Force 122 

6.3 Applications of the  130 
6.4 Summary Remarks 131 
References 132 

7 The Casimir Force in Maxwell's Fish-Eye 133 
7.1 The Paradox of Maxwell's Fish-Eye 133 
7.2 The Geometry of the Fish-Eye 134 

7.2.1 The Stereographic Projection 134 
7.2.2 The Force in the Fish-Eye 136 

7.3 Maxwell's Fish-Eye and the Finestructure Constant 137 
7.3.1 Casimir's Semi-classical Model of the Electron 137 
7.3.2 The Fish-Eye with a Mirror 138 

7.4 Speculations on  145 
7.5 Summary Remarks 147 
References 148 



xxii Contents 

8 Outlook 149 
8.1 The Cut-Off Independence of the Casimir Force 149 
8.2 The Divergence of the Casimir Stress 150 
8.3 The Casimir Force in a 'Compressive Medium' 152 
8.4 The Casimir Force in Maxwell's Fish-Eye 153 
8.5 Beyond the Diverging Casimir Force 154 
References 156 

Appendix A: Causality and Wick Rotation 157 

Appendix B: Maxwell's Stress Tensor 163 

Appendix C: Green Functions from Transfer Matrices 165 

Appendix D:  Transformations 173 


	vtls001897873 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3
	Seite 4



