Contents

Part I Overture

1 The Question of Quantum Indeterminacy .................. 3
1.1 Is Quantum Indeterminacy Irreducible? .................... 3

1.2 Concepts of Cause . ..ottt 4

1.3 Quantum Randommness ..................cuuiiininan... 5

1.4 A Simple Example of Indeterminacy ....................... 5

1.5 The ThesiS ..ot e e e e 6

2  Quantum Mathematics ................... ... .. ... ... ...... 9
2.1 Mathematical Discipline . ........... .. ... .. .. ... 9

2.2 Semantic Interpretation .......... .. .. ... ... 10

2.3 Possible Versus Necessary Information ..................... 11

2.4 Possible Versus Necessary Unitarity ........................ 12

2.5 Breaking Free of the Unitary Postulate ..................... 13

2.6 Principles for the Conveyance of Whole Information ......... 13

2.7 Avoiding Confusion over Terminology ...................... 14
2.71 Orthogonal ....... ... ... ... .. 14

2.7.2 Unitary and Unitary|Hermitian ............... ... ... 15

2.7.3 Fieldsand Scalars ........... ... ... 16

3 Elementary Algebra ........... .. .. .. ... i 17
3.1 Elementary Algebra Exerts Impact on Quantum Mechanics ... 17

3.2 What is Elementary Algebra? ........ ... ... ... .. ... 18

3.3 AsFormal System .......... .. ... . 18

3.4 The Inherent Logic ......... ... . i 18

4 Logical Independence .......... ... ... .. .. .. ... 19
4.1 The 3—valued Logic of Hans Reichenbach ................... 19

4.2 What is Logical Independence?............ ... .. ... ... .. 20

4.3 Axiom Systems ... ... 20

4.4 Logical Independence in Boolean Propositions............... 22

4.5 Referential Ambiguity and Logical Independence ............ 22

4.6 Ingression, Self-reference and Accident ..................... 23

xi



xii Contents

5 Preview . ... ..
5.1 About the Evidence ....... ... ... ... .. . . . . . .. . . . ...

5.2 Mathematical Processing ........... .. .. .. .. .. .. ...
5.3 Unitary On-Off Switching ....... ... ... .. .. . . ...
5.4 Axiomatic Unitarity is Irrelevant and Obstructive ...........
5.5 Logically Active Linear Algebra ......... ... ... ... .. ......
5.6 Inclusion of the Imaginary Unit ......... ... ... ... ... .....
5.7 The Density Operator and Referential Ambiguity ............
5.8 Uncausedness, Indefiniteness and Collapse ..................

Part II The Evidence Base

6 The Vienna Experiments ..................................
6.1 Logical Independence Demonstrated in Experiments .........

6.2 The Experiment Setup ........ .. .. . . i i

6.3 The Boolean Representation of Experiments ................

6.4 Locating Logical Independence in the Experiments ..........
6.4.1 BlackBox-Processes ........... .. ... .. ... ... ...

6.4.2 Measurement-Processes . ....... ... ... ...,

6.5 Irreversibility: Indeterminacy & Collapse ...................

7 Logical Independence in Applied Mathematics.............
7.1 Logical Independence is Everywhere .......................
7.2 The Logically Independent Role of the Imaginary Unit .......
7.3 Machinery Necessitating the Imaginary Unit ................
7.4 Elementary Algebra as Logical Foundation
to all Mathematical Physics........... .. . .. ... .. .. ...

8 Verifying Logical Independence of the Imaginary Unit .. ...
8.1 Elementary Algebra as Formal System .....................

8.2 The Field Axioms ...... ... ..

8.3 Examples of Logical Independence in Elementary Algebra . ...
8.3.1 Manipulating Formulae Involving Quantifiers .........

8.3.2 Proofs ... ...

8.4 Model Theory: Soundness & Completeness. .................
8.4.1 Logical Dependence............. .. ... .. .. .. ... ....

8.4.2 Logical Independence ........... ... .. ... ... ... ..

8.5 Independence Truth-Tables in Elementary Algebra...........



Contents

Part IIT Evidence Deduced from the Vienna Experiments

9 Pure State Vienna Experiments are Non-Unitary ..........
9.1 Vienna Experiments are not Isomorphic with Pauli ..........
9.2 Information Content of the Pauli Algebra ..................
9.3 The Ingression of Orthogonality Necessary for Mixed States. . .
9.4 New Insight ....... ..

10 Matrix Representation of Indeterminate Information ......
10.1 Matrices for the Vienna Experiments. ......................
10.2 Symmetry and the step-transition .........................
10.3 The Step—Transition Information ..........................
10.4 The Pure State Eigensolutions ............ ... .. ... ... ..

11 The Inaccessible Lost History at Measurement ............
11.1 Involvement of the Density Operator.......................
11.2 Referential Ambiguity in the Density Matrix ................
11.3 Algebraic Processes in the Density Matrix ..................
11.4 Density Operator Generation is Deterministic ...............
11.5 Density Operator Undoing is Non-Deterministic .............
11.6 ConcluSIONS . . . o\ vttt

Part IV Evidence Deduced from Mathematics Itself

12 Redundancy of the Unitary Postulate......................
12.1 The Status of Unitarity in Quantum Theory ................
12.2 Homogeneity of Space and Wave Mechanics.................
12.3 The New Independent Unitary Information .................
12.4 Conclusion ...........ou i

13 Logically Independent Unitarity in the Free Particle.......
13.1 Pure State Superpositions ......... .. .. . . o i .
13.2 Self-Reference in the Free Particle .........................
13.3 The Unitary Conditionality ............. ... ... ... o o...
13.4 Rigorous treatment of the double integral...................
13.5 Supporting Theorems . ......... .. ... .. . . ...

14 Logically independent Unitarity in the Pauli System.......
14.1 Introducing Self-Referential Orthogonality ..................
14.2 The Pure State Matrices .......... .. .. ... ...
14.3 The Self-Referential Processes............ .. ... .. .. ...
14.4 The Unitary Conditionality of Self-Reference................
14.5 The Scalar Conditionality of Self-Reference .................

xiii



Xiv

15

16

Contents

The Revised Approach to Unitarity........................ 109
15.1 Unitarity — by Postulate .. ....... ..., 109
15.2 The Logical Alteration Needed for Unitarity ................ 110
15.3 Unitary On—Off Switching . ...... .. .. ... .. .. . .. .. 111
Self-Reference: The Origin of Uncausedness ............... 113
16.1 What Self-referential Circularity Achieves .................. 113
16.2 Elementary Algebra as Environment ........ ... ... ... ... .. 114
16.3 Applying the Rules of Elementary Algebra.................. 114
16.4 The Linear Algebra Within ......... ... .. ... ... ... ..... 115
16.5 Structural Intricacies........ ... .. .. i i 115
16.6 Machines . . ...t 116
16.7 Accidental Coincidence . .. ....... ... ... .. . i 117
16.8 A Self-Referential Definition for Orthogonality .............. 117
16.9 Self-Reference, Unitarity and Hilbert Spaces ................ 119

Part V Conclusions and Philosophy

17

18

19

The Indefiniteness of Indeterminacy ....................... 123
17.1 The Epistemology of Perfect Symmetry .................... 123
17.2 Epistemology in Measurements . ............ ... .. ... ..... 124
17.3 How the Density Matrix Ambiguates Measurement .......... 125
The Uncausedness of Indeterminacy ....................... 127
18.1 Non-Prevention & Cause ......... ..., 127
Concise Statement of Indeterminacy .................... ... 129
19.1 The Question ....... ... 129
19.2 Indeterminacy’s indefiniteness in a Sentence ................ 129
19.3 Origins in Mathematical Processes . ............... ... ... ... 130
19.4 Uncausedness . .. ...ttt 130
19.5 Indefiniteness . .......... i 131

19.6 Final Statement .. ....... ... ... . . 132



Contents

XV

A Quantum Self-Reference and the Classical Paradoxes ...... 135
A1 Classical Self-referential Paradoxes......................... 135

A.2 Quantum Self-Reference ............ ... .. .. .. ... ... ...... 137
A.3 Cantor’s Diagonal Argument ............. ... ... . ..... 138

A.4 Contradiction by Absence of Fixed-Point ................... 140
A.4.1 Formality Details............ ..., 141

A.5 Euclid’s Theorem on Primes, as Exercise ................... 142

A.6 Cantor Applied to Quantum Complementarity .............. 144
A.6.1 The Diagonal Function App ... 144

A.6.2 Proof of Limitations in the Pure State Language ...... 146

AT Conclusion ..........i i 148
References. . ... ... .. .. 149
Index . ... o 151



