Contents

1 Concepts and Principles in Fundamental Physics ..................ccccocee..
1.1 INErOAUCTION ...ttt ettt
1.2 COMCEPLS ..ttt
1.2.1 Concepts, Theories, and Models...........cecceeriernieniiiniennennne
1.2.2  Reality and RealiSm ........ccocueevieniiiiienieeieenieeeeneceeeeieee
1.2.3  Causality ..occeeeuieiiiieieeiieieeeeeeee e
1.2.4 Randomness and Probability.........ccccceoerveiniinniiniiiinieniene
1.2.5 LOCALILY .ot
1.3 PriNCIPIES. ..ot
2 Bohr, Heisenberg, Schrodinger, and the Principles
of Quantum Mechamics................ccooovieiiiiiiieiiec e
2.1 INtrOAUCHON . ....eiiiiiiiieiieeiie ettt ettt ettt e
2.2 Following and Moving Beyond Einstein: Bohr’s
1913 Atomic TREOTY ...oouviiiiiiiieiiieeece e
2.3 From Bohr to Heisenberg, and from Heisenberg
to Bohr: The Founding Principles of Quantum Mechanics ...............
2.4 Reality and Realism in Schrédinger’s Wave Mechanics....................
2.5 “A Rational Quantum Mechanics” and “A New Era
of Mutual Stimulation of Mechanics and Mathematics™ ...................
3 Complementarity: “This New Feature of Natural Philosophy” ...........
3.1 INtrOAUCHON . ....eeiiiiiiiieiie ettt ettt
3.2 The Concept of Complementarity: Parts Without a Whole ...............

3.3 Complementarity as a Quantum-Theoretical
Concept: Measurement, the Uncertainty Relations,

and Expectation-Catalogs ........c..cccevievierieiienieiienieeeeeieeeeeeeee e
3.4 The EPR Experiment: Complementarity, Correlations,

ANA LOCALILY weovvieiiieiiieiieeeeee e
3.5 Bohr’s Ultimate Interpretation: Phenomena, Atomicity,

and the RWR PrincCiple........cooeevieiiiiniiniiiiiiiieeciceeeceeeeeeee
3.6 Complementarity and Probability ..........ccccccceciniiiininiiniiiinee.

51
51

54

68
84

99
107

107
112
120

136

155
169

XXXiii



XXXIV Contents

4 The Statistical Copenhagen Interpretation ...................cccccoovveevereenennen. 173
4.1 TNErOAUCTION...e.vtiiiieeiie ettt ettt ettt ettt st e e sebe e baesnaeenee 173
4.2 Quantum Probability and the Statistical Copenhagen

INEETPIEtAtION ... ettt ettt ettt e e 174
4.3 Probability and Statistics in BONT .......cceceeviiiiiiiniiiiiiiieciceeeeee 180
4.4  Cosmology and Probability..........cccccevererninieininieiinienicnicieneeiene 184

5 Could the Quantum-Mechanical Description of Physical
Reality Be Considered Causal?...............ccccoooiiniiiiiiniiiiiiinienie e 187
5.1 TNErOAUCHION.....coutiiiiiiriieiceitecetee e 187
5.2 Classical Causality: PhiloSOPhY .......ccoveviiiiiieniiiiieiiieienie e 188
5.3 Classical Causality: PhySICS.....cccevvuirriieniiiriienieeiienieeieenve e eie e 198
5.4 Quantum Causality: Causality and Complementarity.............ccecuennne 203

6 The Principles of Quantum Theory, Dirac’s Equation,
and the Architecture of Quantum Field Theory..............cccccecvvvninnnnn. 207
6.1 TNErOAUCHION.....coutiiiiiiriieicitcceee e 207
6.2 Dirac’s Equation: Combining the Principles of Relativity

and QUantum TREOTY ......cccueviiiirieriieieeieee e 214
6.3 The Unrepresentable and the Multiple: Particles

and Fields in QFT .....c.ooooiiiii e 226
6.4 On RenormaliZation .........c.covveeuieriieeniienieeiienteeieeseeeieesreesieesne e 239

7 The Principles of Quantum Information Theory,

Dirac’s Equation, and Locality Beyond Relativity...............c.ccccceeeen. 247
Tl INErOAUCTION ..ctiiiiiiieiieiictcet ettt 247
7.2 The Principles of Quantum Information Theory

and the Operational Language of CircuitS .........ccoceeveveenvenieenveniennns 248
7.3 Dirac’s Equation and High-Energy Quantum Physics

Without Relativity ......cceoerierieiiieieieicceceeee e 259

8 Conclusion: The Question Concerning Technology
in Quantum Physics and Beyond................ccccoooiiiiiiniiiiiiinieeee 265

RefErenCes.........co.ooiiiiiiiiiiiii et 275

AUthOr INeX.........cooiiiiiiiiiiiii e 287

SUbJECt INAEX .......ccouiiiiieiiiiii ettt 293



2 Springer
http://www.springer.com/978-3-319-32066-3

The Principles of Quantum Theory, From Planck's
Quanta to the Higgs Boson

The Nature of Quantum Reality and the Spirit of
Copenhagen

Flotnitsky, A.

2016, XN, 313 p., Hardcowver

ISBM: 978-3-319-32066-3



