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This QC primer is based on excerpts from the breakthrough volume Universal Quantum Computing 
(ISBN: 978-981-3145-99-3) which touts having dissolved the remaining barriers to implementing Bulk 
Universal Quantum Computing (UQC), and as such most likely describes the most advanced QC 
development platform. Numerous books, hundreds of patents, thousands of papers and a Googolplex of 
considerations fill the pantheon of QC R&D. Of late QC mathemagicians claim QCs already exist; but 
by what chimeric definition. Does flipping a few qubits in a logic gate without an algorithm qualify as 
quantum computing? In physics, theory bears little weight without rigorous experimental confirmation, 
less if new, radical or a paradigm shift. This volume develops quantum computing based on '3rd regime' 
physics of Unified Field Mechanics (UFM). What distinguishes this work from a myriad of other 
avenues to UQC under study? Virtually all R&D paths struggle with technology and decoherence. If 
the currently highly favored room-sized cryogenically cooled quantum Hall anyon bilayer graphene 
QCs ever become successful, they would be reminiscent of the city block-sized Eniac computer of 1946. 
In 2017 quantum Hall techniques experimentally discovered additional dimension, said to be 
inaccessible and were called ‘artificial’. This scenario will not last long; the floodgates will open 
momentarily. Then we will have actual QCs! The QC prototype proposed herein is room temperature 
and tabletop. It is dramatically different in that it is not confined to the limitations of quantum 
mechanics; since it is based on principles of UFM, the Uncertainty Principle and Decoherence no longer 
apply. Thus, this QC model could be implemented on any other quantum platform!  

 
 
Preface – From the Volume 
 
The breakthrough volume, from which the following excerpts come - (ISBN: 978-981-3145-99-3 print; 
ISBN: 978-981-3146-01-3 electronic) touts having conceptually dissolved the remaining barriers for 
immediate implementation of Bulk Universal Quantum Computing (UQC), and as such most likely 
describes the most advanced basis for developing Quantum Information Processing (QIP). Numerous 
books, many 100s of patents, 1,000s of papers and a Googolplex of considerations fill the pantheon of 
QC R&D. Of late QC mathemagicians claim QCs already exist; but by what chimeric definition. Does 
flipping a few qubits in a logic gate qualify as quantum computing?  

In physics, theory bears little weight until it is supported by rigorous experimental confirmation, less 
if new, radical or an untested paradigm shift. This volume develops quantum computing based on ‘3rd 
regime’ physics of Unified Field Mechanics (UFM). What distinguishes this work from myriad other 
avenues to UQC under study?  Virtually all R&D paths struggle with refining technology and 
decoherence. If the highly favored room-sized cryogenically cooled QCs ever become successful, they 
would be reminiscent of the 1946 city block-sized Eniac computer that contained 17,468 vacuum tubes. 
Does the proposed by-pass of that step retard acceptance of the UFM model; maybe, maybe not as UFM 
modeling also puts an end to the need for large supercolliders like the CERN LHC. 

The QC prototype proposed herein is room temperature, tabletop, surmounts uncertainty and 
supervenes decoherence during the general process of operation. It is dramatically different in that it is 
also not limited to the ‘locality and unitarity’ confines of the basis of quantum mechanics itself. Since 
it is based on principles of UFM, the Uncertainty Principle and Decoherence no longer apply. Thus, 
generally speaking, the UFM UQC model could putatively be implemented on any of the other viable 
quantum platforms. Albeit, here’s the rub: a conundrum still exists; the complex algebra for correlating 
relativistic (r-qubits) with a new class of algorithms designed for a transform beyond the Galilean-
Lorentz-Poincairé cast in HD UFM brane topology remains.  A program is in place to finish the final 
mathematical derivation by spring 2017 and perform the 1st experiment by 2019 if our proposal is 
accepted and allocated a spot in the que applied to.  

The last age of discovery occurred about 100 years ago. Incorporating the remaining requirements 
for UQC will usher in the next one. Scott Aaronson of MIT said, ‘quantum computing requires a new 
discovery in physics, and if that discovery has been made is not been revealed to the physics 
community.’ Since the CIA has purchased a D-wave ‘toy’ QC, it seems reasonably clear no clandestine 
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discovery is in the hands of the US government. Gazing over the landscape of the QC research 
community, everyone seems to be about on the same page in battling decoherence as the final problem. 
With relative certainty then, the claim, ‘Hypothesis non-Fingo’ as Newton is want to say, that the 
discovery is revealed in this volume is reservedly ballyhooed. The transition to UFM is not one 
discovery, but a ‘bucket of discovery’, perhaps that could be said of a similar bucket ladling out quantum 
mechanics a hundred years ago by the seventeen eventual Nobel laureates who attended the world of 
physics changing Conseil Solvay conferences in Brussels. 

The framework for the imminent age of discovery we term unified field mechanics (UFM); a third 
regime of reality in the progression Classical MechanicsQuantum MechanicsUFM. Just as 
infinities (ultraviolet catastrophe) in the Raleigh-Jeans Law describing blackbody radiation led to 
Planck’s 1900 formulation of the process of energy absorption and emission, becoming known as the 
quantum hypothesis - any energy-radiating atomic system can theoretically be divided into a number 
of discrete ‘energy elements’,  with each element proportional to the frequency, ν individually 
radiating energy, by: hv  . 
 There is an obvious parallel today in the renormalization of the troublesome infinities in quantum 
field theory. It is quite curious that in this case a reversal occurs and quantization is undone again by 
entry into the 3rd regime. Since quantum mechanics can no longer be considered the ‘basement of 
reality’ an initial discovery popping out of the UFM bucket is that QM uncertainty is a ‘complex 
manifold of finite radius’. The new set of UFM transformations beyond the Galilean-Lorentz-Poincairé 
naturally cancel the infinities from fundamental principles, not in an ad hoc manner.  

Physicists still ‘believing’ in a quantum universe where the Planck scale is the ‘basement of reality’, 
adamantly proclaim the impossibility of violating the quantum uncertainty principle. Here is the manner 
in which science fiction writer Isaac Asimov put it, “You can’t lick the uncertainty principle, man, any 
more than you can live on the sun, there are physical limits to what can be done.” [1]. Physical limits 
apply of course to the tools available to us. Currently, the smaller the scale we hope to observe the larger 
and larger supercollider the needs to be to create definitive particle spray cross-section. As you will 
hopefully be able to comprehend from my primitive ruminations, UFM provides a new type of low 
energy cross-section. The 4-space observation of microscopic matter demands at supercollider. From 
the point of view of a cosmology with a Planck-scale basement that is all there is; particles are 
singularities in spacetime. But the fundamental nature of matter is profoundly different once one is able 
to ‘see’ beyond the rigid barrier kept in place by the uncertainty manifold. In HD space, each particle 
is comprised additionally of a mirror-symmetric brane topology of conformal scale-invariant 
components. A Dirac-like spherical rotation occurs, cyclically separating each mirror symmetric half 
and reconnecting it again. If the ‘measurement’ is taken when the symmetry is reconnecting, the cross-
section is revealed; the 3-sphere able to ‘see’ the insides of the circles in Abbot’s book Flatland. 

If this volume could evolve to a 3rd edition; I think I might finally be satisfied with it. Those who 
write ‘books’ suffer with the experience that a volume in many ways is never completely finished; and 
one polishes and rubs until a convenient or often inconvenient stopping place intervenes. I would not 
bother my dear readership with this misanthropic complaint if it were just a matter of time constraints, 
which of itself can be a serious derailment; but in performing the usual study and research to embellish, 
supplement and check for accuracy, something totally unexpected occurred. This has by no means been 
a more typical monograph preparation solidifying research done over a past five to ten or even twenty 
years; but avant-garde and thus perhaps sadly may be seen as a bit too radical for some mentalities. I 
remember when 1st reading Newton’s Principia, it took an effort for me to find the basis for his historical 
introduction of Calculus. More pertinently however, what I mean is that the work has been a broad 
avenue of profound discovery, not a few, but many; that like the shift to quantum mechanics will take 
the next 100 years to develop. 

For example, and this is not the kind of discovery I mean – something already out there that I didn’t 
notice before: In preparing this manuscript I was delighted, surprised and nonplussed to find in what at 
first appeared to be an obscure nook and cranny in 2015, a discussion of relativistic quantum 
information processing and relativistic qubits. The originator of the concept, Vlasov, a Russian postdoc 
at the time, briefly introduced relativistic qubits at PhysComp96 [2]. On emailing him, I said, ‘it looks 
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like it took about 20 years, but finally the community is starting to catch up with your idea’. He promptly 
emailed me back with a link to a 2006 paper hinting at the concept [3]. As often is the case with a 
seminal thought, the presenter is timid, not sure himself and has less clarity than will appear soon 
afterwards, which almost immediately did, and now a new field of relativistic information processing 
(RIP) is in full swing. I’ll only mention one more item at the moment – I never would have guessed in 
pondering solutions to the inherent problem of anyonic ‘topologically protected’ TQC, that I would 
discover the need for what I decided to term an ‘Ontological-Phase Topological Field Theory (OPTFT). 
 

When the great innovation appears, it will almost certainly be in a muddled, incomplete and 
confusing form. To the discoverer himself it will be only half-understood; to everybody else it will 
be a mystery. For any speculation which does not at first glance look crazy, there is no hope. — 
Freeman Dyson [4]. 
 

If the author has an obvious shortcoming, while he is a practicing mathematical-theoretical physicist, 
he is equally or more so a philosopher of physics revealed in the more axiomatic approach peppered 
with dessin enfant (pun intended) utilized in this presentation.  

OPTFT, essential UFM bulk UQC will end up taking us far into the future; with it, one leaves 
polynomial and quadratic algorithmic speedup in the dust as it will soon enough be possible to develop 
‘instantaneous algorithms’ by utilizing the full EPR aspects of nonlocal holography and some sort of 
dual-amplituhedron as being developed by Nima Arkani-Hamed. Now let’s get back to more immediate 
promulgations. 

The salient premise of this volume is that UQC cannot be achieved without utilizing UFM. This is 
not a simple premise, but represents a major paradigm shift of the caliber of switching from classical 
mechanics to quantum mechanics. But to confound us, it is in addition more like a Galilean class 
paradigm shift complicated by additional epistemological issues involved; which even this ‘fall guy’ is 
too timid to address here without guile. The rest of the physics community is still lollygagging around 
finishing the standard model in 4D. I think dimensionality of the TOE is not addressed as a requirement 
in that escapade. Additional dimensionality (XD) is however, now testable by proposed experiments at 
CERN (or the low energy tabletop protocol outlined herein). It may be that the putative utility of UFM 
required for UQC here garners little attention until a version of M-theory becomes pragmatically 
realized.  

Also note that, for a variety of reasons discussed, our version of M-theory differs dramatically on 
several key premises, because we feel Gravity is not quantized and that the regime of interaction is 
rather with the regime of UFM. This is also not a trivial dilemma, we have defined a duality between 
Newton’s and Einstein’s gravity; and it seems likely in that guise that in the semi-quantum limit some 
sort of quantized-like residue operates elevating the concept of wave-particle duality to a principle of 
cosmology applying to brane topology. This stems from our discovery that ‘uncertainty’ is a complex 
manifold of finite radius. Certainly, at the time of writing, the majority of QC developers still work 
within the confines of Bloch sphere Hilbert space concepts. Before even approaching the cornucopia of 
landmines proposed here; one must pass through the briar patch of leaving unitarity and locality behind, 
and also view differently the very recent forays into relativistic modes of QIP before coming to the 
threshold of what we think should be called a Ontological-Phase Topological Field Theory (OPTFT). 

In Chap. 3 the author felt it necessary to take liberty and include material relating to the physical 
basis for the ‘Mind of the Observer’ as part of delineating the need for a new cosmological paradigm to 
fully develop UQC. For real progress to occur, even as the likes of von Neumann claimed, observer 
physics needs to be fully addressed sometime - Feynman said in his Nobel lecture:  
 

If [all physicists] follow the same current fashion in expressing and thinking about … field theory 
… hypotheses being generated ... is limited ... possibly the chance is high that the truth lies in the 
fashionable direction. But, on the off chance that it is in another direction - a direction obvious from 
an unfashionable view of field theory - who will find it? Only someone who sacrifices himself ... 
from a peculiar and unusual point of view, one may have to invent for himself - Richard Feynman, 
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Nobel Prize lecture. 
There is still a lot of chatter about classical mechanics and classical field theory. The situation has 

been steadily evolving from quantum mechanics to quantum field theory. The concept of Quantum 
Computing (QC) began in 1981 when Nobelist Richard Feynman queried if ‘quantum physics could be 
simulated on a computer’. The discussion led to the insight that simulating quantum physics would 
require a new kind of computer called a ‘quantum computer’; thought to be the very first mention of 
the term. Later Feynman suggested: ‘There is nothing in the laws of physics prohibiting quantum 
computers’ [5]. Feynman also proposed that quantum computation could be facilitated by incorporating 
the utility of a concept he termed a ‘synchronization backbone’. Until now this construct has remained 
mysterious and considered intractable by the QC development community. This impasse essentially 
occurred because the rational for attempting to implement a synchronization backbone approach is 
classed in terms of what is known as a ‘bi-local’ phenomenon [3,4] that didn’t really add a proper 
‘backbone’ to the quantum system in that style of attempt. In the extended model delineated here, based 
on elements of UFM [5-7], a viable synchronization backbone is discovered to be an inherent part of 
the topology of the higher dimensional (HD) M-Theoretic Calabi-Yau mirror symmetric backcloth; 
which turns out to be essentially like getting half the quantum computer for ‘free’! In terms of UFM the 
perceived local state is only a shadow of the HD nonlocal quantum reality; thus, our perception of 
Feynman’s synchronization backbone is not feasible bi-locally but requires a duality of locality and HD 
nonlocal aspects of UFM. This key aspect of bulk UQC modeling could not have been discovered 
without the paradigm shift to UFM [8-10] revealing the true synchronization backbone as part of the 
mirror symmetry backcloth. 

The purpose of the first two chapters is generally to review the current state of affairs in QC 
development and give a semblance of self-containment for the volume. Chapter 1 - From Concept to 
Conundrum briefly delineates the origins of Quantum Computing in terms of Feynman’s ruminations 
on the subject; followed by a short description of the dozen or more research approaches currently 
considered most promising. Chapter 2 - Cornucopia of Quantum Logic Gates surveys and compares 
salient aspects of many of the main types of quantum logic gates studied.  

Chapter 3 Multiverse Cosmology – A New Basis of Reality provides the initial foray into the basis 
for UFM providing a glimpse of the radical extension from the historical and current concept of 
observed reality as a Euclidean 3-space and outlines the new multiverse cosmology needed to go beyond 
the 4D Minkowski-Riemann spacetime of the standard model into the HD 3rd regime of Calabi-Yau 
mirror symmetric M-Theory. 

Chapter 4 - A Revolution in the Conception of Matter sets the stage for Chap. 5 extending 
understanding of the ages old conundrum of the nature of the fermionic singularity or point particle; 
and defining why the current Bloch sphere rendition of a qubit must now be considered grossly 
inadequate and a relativistic r-qubit with more degrees of freedom is required. Chapters 4 and 5 tell us 
about conformal scale-invariant mirror symmetric ‘copies’ of a quantum state found in the topology of 
the HD brane world. In Chap 5 - From Qubits to Relativistic Qubits (R-Qubits) the basis for the standard 
definition of a qubit is redefined and extended to relativistic form for RIP where the additional degrees 
of freedom create compatibility with a 12D OPTFT which as shown later in Chaps. 6,7 and 8 provides 
the foundation for surmounting uncertainty and completely eliminating the problem of decoherence in 
the operation of a quantum computer. Chapter 9 - Topological Quantum Field Theory gives a technical 
review of TQFT and its utility in our model of bulk quantum computing. Chapters 7 and 8 - Surmounting 
Uncertainty Supervening Decoherence, and - ‘Measurement’ With Certainty, respectively begin to 
explain more fully the core thrust of the volume. This is where the principles for actualizing a universal 
bulk quantum computer are explained for final prototyping in Chap. 16 and operation in Chap. 14.  
 Chapter 6 - Utility of Unified Field Mechanics describing a 3rd regime of reality beyond Classical 
and Quantum Mechanics provides clarity in understanding the bridge between TQFT, the essential large 
scale additional dimensionality (LSXD) of our new understanding of reality and utility of relativistic 
qubits (r-qubits). When the reader gets to Chapter 13 -  New Classes of Quantum Algorithms, it should 
become obvious that an r-qubit with additional degrees of freedom cast in an LSXD cosmology 
associated with UFM requires a radical extension of existing quantum logic gates.  
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 In Chapters 14 - Class II Mesoionic Xanthines as Potential Ten Qubit Substrate Registers, and 16 - 
Universal QC Prototype Modeling the class II mesoionic xanthine molecule chosen for prototyping and 
its bonding substrate is described. The mesoionic xanthine forms a stable crystal at room temperature 
with a 100-year shelf life and has 10 evenly spaced quantum states suitable for uniform scalability.  

Chapter 15 - Empirical Regimen - Proof of Concept is essential. There is currently a program in the 
process of performing an experimental protocol aimed at falsifying the paradigm of unified field 
mechanics required to operate the quantum computer design offered herein. Success of the experiment 
will essentially confirm near term implementation of universal scalable bulk quantum computing as the 
methodology required parallels computer operations, albeit applied to the quantum system in a different 
manner.  
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PART 1  
From Concept to Conundrum: A Precis of Quantum Computing Substrates 
 
The concept of quantum computing (QC) is generally credited to ratiocination by Nobelist Richard 
Feynman during the 1980’s, who saw ‘nothing in the laws of physics that precluded their development’. 
During the ensuing decades accelerating progress has been made in the ongoing development of 
quantum logic gates, a variety albeit dearth of algorithms and most assuring a plethora of potentially 
viable substrates for QC implementation. Proponents generally consider the remaining hurdle 
preventing bulk universal QC centers on problems associated with decoherence. In this work, a brief 
review, for the purpose of bringing the interested reader up to speed and as a semblance of self-
containment, a precis of the dominant platforms under development is given; each platform is unique 
in substrate technology, implementation format and scaling challenges. This also prepares the reader 
for moving from qubits to a new class of relativistic qubits (r-qubits) whereby additional degrees of 
freedom are deemed essential for crossing the ‘semi-quantum limit’ into the realm of Unified Field 
Mechanics (UFM) allowing routine violation of the Quantum Uncertainty Principle and thereby 
supervening decoherence. 
 
“… Trying to find a computer simulation of physics, seems … an excellent program to follow … I’m not happy with all the 
analyses that go with just the classical theory, because nature isn’t classical, … and if you want to make a simulation of nature, 
you’d better make it quantum mechanical …”, R. Feynman [1]. 

 
1.1 Preamble – Bits, Qubits and Complex Space 
 
A classical Turing bit (short for binary digit) is the smallest unit of digital data and is limited to the two 
discrete binary states, 0 and 1; but a quantum bit (qubit) can additionally enter an entangled 
superposition of states, in which the qubit is effectively in both states simultaneously. While a classical 
register made up of n binary bits can contain only one of 2n possible numbers, the corresponding 
quantum register can contain all 2n numbers simultaneously. Thus, in theory, a QC could operate on 
seemingly infinite values simultaneously in parallel, so that a 30-qubit QC would be comparable to 
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a digital computer capable of performing 1013 (trillion) floating-point operations per second (TFLOPS) 
which is comparable to currently fastest supercomputers. 
 

   
 
Fig. 1.1. Geometrical qubit representations. a) The qubit resides on the complex circle in the Hilbert space of all possible 

orientations of qi . The complex unit circle is called the Hilbert space representation. In the logical basis, the two degrees 

of freedom of the qubit are expressed as two angles geometrically interpreted as Euler angles. b) The Bloch sphere in spin 
space showing the geometric representation of a qubit where 1 0     for orthogonal eigenstates 1  and 0  of a 

single qubit on opposite poles, with superpositions located on the sphere’s surface. Adapted from [2].   
 

The qubit, a geometrical representation of the pure state space of a 2-level quantum mechanical 
system, is described in Dirac’s ‘bra-ket notation’ by the state 0 1   where   and   are complex 

numbers satisfying the absolute value parameter 2 2
1   ; such that measurement would result in 

state 0 with probability 
2 and 1  with probability 2 .  Formally, a qubit is represented in the 2D 

complex vector space, 2  where the 0 1  can be represented in the standard orthonormal basis 

as 
1

0
0

 
  
 

 for the ground state or 
0

1
1

 
  
 

for the excited state, or on the Bloch sphere as in Fig. 

1.1b. 
A qubit is shown in Fig. 1.1 in both its SU(2) Hilbert space representation (top), and the same qubit 

on the Bloch sphere in its O(3)  representation (bottom). The SU(2) and O(3) representations are 
homomorphic, i.e. mapping preserves form between the two structures. 
 Vincenzo itemized what he felt were the major requirements for implementing practical bulk QC 
[3]:  
 
 Physically scalable, allowing the number of qubits to be sufficiently increased for bulk 

implementation. 
 Qubits must be able to be initialized to arbitrary values. 
 Quantum gates that operate faster than the decoherence time. 
 A universal gate set for running quantum algorithms. 
 Qubits that can be easily read correctly. 

 
None of Vincenzo’s requirements are yet fulfilled; some are further along than others; system 
decoherence is among the most challenging aspects remaining. Recently, the fundamental basis of 
quantum information systems is undergoing an evolution in terms of the nature of reality with radical 
changes in the nature of the measurement problem. The recent introduction of parameters for relativistic 
information processing (RIP), including relativistic r-qubits, has brought into question the historical 
sacrosanct basis of ‘locality and unitarity’ in terms of Bell’s inequalities, overcoming the no-cloning 
theorem [4,5]. The epistemic view of the Copenhagen Interpretation is challenged by ontic 
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considerations of objective realism and additionally as merged by W. Zurek’s epi-ontic blend of 
quantum redundancy in quantum Darwinism [6]. 
 
 
1.2 Panoply of QC Architectures and Substrates – Limited Overview 
 
The following list represents many prominent QC architectures and substrates currently under 
development. It seems useful to briefly review the challenges and merits of each system as distinguished 
by the computing model and physical substrates used to implement qubits. 
 
 Quantum Turing Machine 
 Quantum Circuit Quantum Computing Model 
 Measurement Based Quantum Computing 
 Adiabatic Quantum Computing 
 Kane Nuclear Spin Quantum Computing 
 QRAM Models of Quantum Computation 
 Electrons-On-Helium Quantum Computers 
 Fullerene-Based ESR Quantum Computer 
 Superconductor-Based Quantum Computers 
 Diamond-Based Quantum Computer  
 Quantum Dot Quantum Computing  
 Transistor-Based Quantum Computer 
 Molecular Magnet Quantum Computer 
 Bose–Einstein Condensate-Based Quantum Computer 
 Rare-Earth-Metal-Ion-Doped Inorganic Crystal Quantum Computers 
 Linear Optical Quantum Computer  
 Optical Lattice Based Quantum Computing 
 Cavity Quantum Electrodynamics (CQED) Quantum Computing 
 Nuclear Magnetic Resonance (NMR) Quantum Computing 
 Topological Quantum Computing 
 Unified Field Mechanical Quantum Computing 

 
 
1.2.1 Quantum Turing Machine 
 
The quantum Turing machine (QTM) generalizes the classical Turing machine (CTM); the internal 
states of a CTM are replaced by pure or mixed states in a Hilbert space; The QTM is an idealistic 
platform not currently being developed. A QTM is a simple universal quantum computer used for 
modeling all the powerful parameters of quantum computing. 
 The QTM was proposed by Deutsch where he suggested that quantum gates could function similarly 
to traditional binary digital logic gates [7]. QTMs are not usually used for analyzing quantum 
computation; the quantum circuit model (QCM) is a more commonly used for such purposes. 
 
1.2.2 Quantum Circuit Computing Model 
 
The quantum circuit model (QCM) computes sequences of quantum gates which are reversible 
transformations on a quantum mechanical analog of a classical n-bit register. The QCM has only two 
observables, preparation of the initial state and observation of the final state in the same basis for the 
same variable at the end of the computation [8]. 
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Fig. 1.2. Quantum circuit for 3 qubits using Hadamard gates. 
 
 

1.2.3 Measurement Based Quantum Computing 
 
The measurement based quantum computer (MBQC) model is also called the one-way model because 
the entangled resource state (usually a ‘cluster state’) is destroyed by the series of single qubit 
measurements on it. For a MBQC computation one starts with a given fixed entangled state of numerous 
qubits and performs a computation by applying a sequence of measurements to specific qubits in 
designated bases. The choice of basis for future measurements often depends on prior measurement 
outcomes. The final computation result is determined from the classical outcome data of all the 
measurements. In contrast to the more common gate array model in which computational steps are 
unitary operations, a large entangled state prior to some final measurements for the output is developed.  

There are two principal schemes of MBQC: 
1) Teleportation quantum computation (TQC) and the 
2) Cluster state model or one-way quantum computer (1WQC) 
Any one-way computation can be made into a quantum circuit by using quantum gates to prepare 

the resource state. For cluster and graph resource states, this requires only one 2-qubit gate per bond, 
which is very efficient [9-13].  

 
 
Fig. 1.3. Topological Cluster-State Quantum Computing (CSQC) on a 2D Cluster state surface code with 1° of freedom 
introduced via the measurement MX of 4 qubits in the X basis and removal of 5 stabilizers. Note that new 3-term X stabilizers 
are not necessarily created with positive sign as in the shaded triangles. Redrawn from [14]. 
 

The face or region of such faces (shaded squares) is called a smooth defect. The degree of freedom 
can be phase flipped by any ring of Z-operators encircling the defect and bit flipped by any chain of X 
operators connecting the defect to a smooth boundary. The qubit inside the defect plays no further role 
in the computation unless the defect moves.  

For the cluster-state model of quantum computation, in which coherent quantum information 
processing is accomplished via a sequence of single-qubit measurements applied to a fixed quantum 
state known as a cluster state; it has been proven that the cluster state cannot occur as the exact ground 
state of any naturally occurring physical system, proving that measurements on any quantum state 
which is linearly prepared in one dimension can be efficiently simulated on a classical computer, and 
thus are not candidates for use as a substrate for quantum computation [10,11]. 
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1.2.4 Adiabatic Quantum Computer 
 
Adiabatic quantum computation (AQC) is an alternative to the more common gate model which is based 
on the Turing approach to computing.  It has been mathematically shown that the adiabatic model and 
the gate model are equivalent. The gate model approach creates quantum equivalents of digital logic 
gates and puts these gates together to build a quantum computer; it is a one-way quantum computer 
using quantum gates. It operates by setting up an initial entangled resource state pertaining to the 
problem, applies logic gates, then takes a measurement destroying the initial resource state. There is a 
high amount of error in this method requiring many trials or error correction sequences.  

An AQC is based on Quantum annealing (finding the global minimum of a function over a given set 
of solutions by using quantum fluctuations), a process where computation is decomposed into a slow 
continuous transformation of an initial Hamiltonian into a final Hamiltonian, where the ground states 
of the system contain the solution [15]. 
 

 
 

Fig. 1.4. An rf-SQUID with a Josephson junction from a D-Wave device. An array of coupled superconducting flux qubits 
acts as an artificial Ising spin system with programmable spin-spin couplings and transverse magnetic fields. Josephson 
junctions are integral elements in SQUID QC as flux qubits and other substrates where phase and charge act as conjugate 
variables.   
 

A system of connected qubits in SQUID form is prepared with a magnetic field going a certain way. 
Then the initial state is slowly turned off while slowly turning on the final state. Basically, processing 
a mixed state of initial and final energy, and by the end there will be essentially no initial parts left in 
the state leaving only the final state. Alternatively, one can start with both states on, with the initial state 
much stronger than the final part of the state, and then slowly turn off the very large, initial state as 
shown in  

 
ij ij

i i i i i i
i i j i j

H h Z J Z Z K X X
 

     ,                   (1.1) 

 
where H is the Hamiltonian, (matrix for total energy of the system). The three terms could be grouped 
into two terms because Z and X refer to the spin matrices; therefore, the initial state is governed by the 
last term, and the final state is governed by the first two terms. The spin matrices show the change from 
the X-basis state to the Z-basis state. When preparing the initial system of qubits, they are all put into 
the X-spin state and then ‘annealed’ to the Z-spin state. Imagine that h and J are tiny compared 
to K initially. When annealing, K is slowly turned off so that in the finished state, you're only left with 
the content of first two terms. This is how the annealing process works; when annealing, you need to 
be in the ground state. This is why you must move slowly, because if you move too quickly energy is 
imparted into the system, causing excitations and jumps to higher energy levels causing errors [15]. 

Researchers have performed the largest protein-folding problem solved to date using a quantum 
computer. The researchers solved instances of a lattice protein folding model, known as the Miyazawa-
Jernigan model, on a D-Wave I quantum computer [16]. The D-Wave Systems QC has a quantum 
annealing processor, currently increased to 1,000 qubits. 

The AQC unit cell array of coupled superconducting flux qubits is designed to solve instances of 

the classical optimization problem - given a set of local longitudinal fields,  ih and an interaction 
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matrix,  ijj  find the assignment, 1 2... Ns s s s     that minimizes the objective function E(s), where, 

 

 
1 1

,i i ij i j
i N i j N

E s h s j s s
    

                               (1.2) 

 

with  1, 1, and 1, 1 .i ij ih j s      Finding the optimal s* is equivalent to finding the ground 

state of the corresponding classical Ising Hamiltonian, 
 

1 1

N N
z z z

p i i ij i j
i N i j N

H h j  
    

          (1.3) 

where z
i  are Pauli matrices acting on the ith spin [16]. 

Experimentally, the time-dependent quantum Hamiltonian implemen-ted in the superconducting 
qubit array is given by 
 

      run, / ,b bH A H B H t t            (1.4) 

 
with, x

b ii
H     responsible for quantum tunneling among the localized classical states, which 

correspond to eigenstates of Hp (computational basis). Time-dependent functions,    andA B   are 

such that trun denotes time elapsed between preparation of the initial state and the measurement [16]. 
 
1.2.5 The Kane Nuclear Spin QC 
 
The Kane QC is based on an array of phosphorus donor atoms embedded in a silicon lattice is 
considered a hybrid between quantum dot and NMR QC platforms. The Kane QC utilizes the 
nuclear spins of the donors and the spins of the donor electrons in the computation. Phosphorus donors 
are placed in an array with a 20 nm spacing. An insulating oxide layer is grown on top of the silicon. 
As shown in Fig. 1.5 Metal A-gates are deposited on the oxide above each donor, and J-gates between 
adjacent donors [17]. 

 
 

Fig. 1.5. Kane Nuclear Spin QC substrate with 31P+ impurities embedded in 28Si. 
 
The phosphorus, 31P donors and silicon, 28Si substrate are isotopically pure, with nuclear spins of ½ and 
spin 0 respectively. The nuclear spin of the P donors used to encode qubits has two important 
advantages;  
 
1) The state has an extremely long decoherence time, on the order of 1018 seconds at mK temperatures.  
 
2) Qubits can be manipulated by applying an oscillating NMR field.  
 
Theoretically, altering the voltage on the A gates, makes it possible to alter the Larmor 
frequency (precession of angular momentum about the axis of an applied external magnetic field) of 
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individual donors allowing them to be addressed individually, by bringing specific donors into 
resonance with the applied oscillating magnetic field [17,18]. 

Nuclear spins alone will not interact significantly with other nuclear spins 20 nm away. Nuclear spin 
is useful to perform single-qubit operations, but to make a quantum computer, 2-qubit operations are 
also required. This is the role of electron spin in this design. Under A-gate control, the spin is transferred 
from the nucleus to the donor electron. Then, a potential is applied to the J-gate, drawing adjacent donor 
electrons into a common region, greatly enhancing the interaction between the neighboring spins. By 
controlling the J-gate voltage, 2-qubit operations are possible [18]. 

Kane's proposal for readout is to apply an electric field to encourage spin-dependent tunneling of an 
electron to transform two neutral donors to a D+–D– state, where two electrons orbit the same donor. 
The charge excess is then detected using a single-electron transistor. This method has two major 
difficulties. Firstly, the D– state has strong coupling with the environment and hence a short 
decoherence time. Secondly, it's not clear that the D– state has a sufficiently long lifetime to allow for 
readout because the electron tunnels into the conduction band. Unlike many quantum computation 
schemes, the Kane quantum computer is in principle scalable to an arbitrary number of qubits. This is 
possible because qubits may be individually manipulated by hyperfine electrical means above each 
impurity [17,18]. 
 
 
1.2.6 QRAM Models of Quantum Computation 
 
Quantum Random Access Machine (QRAM) Models of Quantum Computation have a quantum 
processor controlled by classical instructions. The processor follows the QRAM model, a quantum 
memory and a quantum ALU (qALU) Arithmetic and Logical Unit using a reversible control unit [19] 
containing a group of quantum gates, which are controlled by classical signals. The processor’s 
instructions are written using a quantum assembly (QASM) language. As test cases, several well- 
known quantum circuits are described using the QASM language and executed by the model. The 
QRAM model hopes to be integrated with classical components forming a hybrid quantum computer 
[20].   

 
 

Fig. 1.6. Hybrid QRAM Quantum Computer with classical input. 
 
1.2.7 Electrons-On-Helium Quantum Computers  
 
Electrons-On-Helium Quantum Computers (EOH) are attractive because the scalable electron traps 
have very long relaxation times, and the highest mobility known in a condensed-matter system [21]. 
The system of electrons on the surface of superfluid 4H is made by submerging a system of individually 
addressed micro-electrodes beneath the helium surface. The large ∼1 µm interelectron simplifies 
fabrication of an electrode array. The electrode potential, the high barrier that prevents electrons from 
penetrating into the helium, and the helium image potential together create a single-electron quantum 
dot above each electrode. The parameters of the dot can be controlled by the electrode potential [22,23]. 
 The Hamiltonian describing 2 1  transitions induced by excit-ations in helium has the form  

 



Richard L Amoroso – Fundaments of Quantum Computing 
 

15 
 

  ˆ2 1 nd iqr
i qn qn n

H V e                           (1.5) 

 

where, 1
n
 and 2

n
are the states of the nth electron normal to the surface, and q̂V  is the operator 

depending on the coordinates of helium vibrations, such as phonons or ripplons. The wavelengths of 
the vibrations involved in electron scattering are much smaller than the interelectron distance so that 
each electron has its own thermal bath of helium excitations [22]. 

As shown in Fig. 1.7, the EOH QC is operated by a constant voltage, V applied to the rings creating 
a static electric field with voltage valleys that trap electron bubbles along the z-axis. The oscillating 
voltage, V  is applied to opposing rods trapping electrons in the x-y plane.  
 

 
 

Fig. 1.7. Architecture for electrons on liquid helium QC. The qubit is the electron spin. At each end of the qubit array is a 
single-electron transistor (SET) detector. 
 

The spin of electrons floating on the surface of liquid 4H makes excellent qubits because these 
electrons can be electrostatically held and manipulated like electrons in semiconductor heterostructures, 
and being in a vacuum the spins on 4H are less likely to decohere. The spin-orbit interaction is reduced 
so that moving the qubits with voltages applied to gates has little effect on coherence times which can 
be expected to exceed 100 s which is enough time for more than 105 operations at 10 mK [23].  

The 0 and 1 qubits are assigned the ground and 1st excited Rydberg states of the electrons above 

the liquid 4H.  An electron can be excited from 0 to 1 with a microwave pulse at frequency, fR with 

individual qubits tuned by voltages on the underlying electrodes using the linear Stark effect. Quantum 
gates are operated by tuning neighboring qubits through mutual resonance generating entangled 
quantum states in XOR, swap or other quantum gates [22,23]. 

 
1.2.8 Fullerene-Based ESR Quantum Computer 
 
Endohedral buckyball or Fullerene-based ESR quantum computer qubits are based on the electronic 
spin of atoms or molecules encased in fullerenes. Atoms can be embedded in a permanent nanoscale 
molecular scaffolding to form an array. Electron paramagnetic resonance (EPR) or electron spin 
resonance (ESR) spectroscopy is a technique for manipulating materials with unpaired electrons. The 
basic concepts of EPR/ESR spectroscopy is similar to nuclear magnetic resonance (NMR), but electron 
spins are excited instead of the spins of atomic nuclei as in NMR spectroscopy. 

All electrons have a magnetic moment and spin quantum number, 1 2s  , with magnetic 

components  1 2sm    and  1 2sm   . In the presence of an external magnetic field with 

strength, B0 the electron's magnetic moment aligns itself either parallel,  1 2sm    or antiparallel 

 1 2sm   to the field with each alignment having a specific energy due to the Zeeman effect, 

0 ,s e BE m g B where eg is the electron g-factor, ge = 2.0023 for the free electron and B is the Bohr 

magneton [24]. Therefore, the separation between the lower and the upper state is 0e BE g B   for 
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free unpaired electrons implying that the splitting of the energy levels is directly proportional to the 

magnetic field strength, as shown in Fig. 1.8. 
 

 
 

Fig. 1.8. Splitting of the electrons magnetic moment in the presence of an external magnetic field with strength, B0.  
 

An unpaired electron can move between the two energy levels by either absorbing or emitting 
a photon of energy, h  such that the resonance condition, h E    is obeyed. This leads to the 

fundamental equation of EPR spectroscopy: 0e Bh g B  . 

 

 
 

Fig. 1.9. ‘Peapod’ – Carbon nanotube filled with nitrogen doped buckyball fullerenes. 
 
A nitrogen atom is bonded to the center of the fullerene cage with its electron wavefunction extending 
the cage boundary with a 2% overlap. ‘Peapod’ nanotubes contain fullerenes packed in a pseudo-helical 
phase. These nanotube ‘Peapods’ could help in the implementation of quantum computing. A pea pod 
is made up of a tiny carbon nanotube filled with buckyball fullerenes [25].  
 
1.2.9 Superconductor-Based Quantum Computers 
 
There are two main types of Superconductor-Based Quantum Computers under study: 
 

a) SQUID-based Superconductor quantum computers with the qubit implemented by the state of small 
superconducting circuits such as Josephson junctions.  

b)  Superconductor-based quantum computers with qubits implemented by the internal state of near 
Absolute Zero, mK trapped ions. 

 
1.2.9.1 SQUID-BASED SUPERCONDUCTOR QC 
 
The SQUID quantum annealing QC is summarized briefly in Sect. 1.2.4, Adiabatic Quantum 
Computers, as the two models are very similar.  Quantum annealing (QA) is a classical randomized 
algorithm. Meaning, there is no part of QA that necessarily depends on quantum hardware. In classical 
annealing (CA), temperature is the source of random perturb-ations that allow the algorithm to explore 
a problem's solution space. In QA, the temperature is replaced by a term analogous to the quantum 
tunneling field strength, where quantum tunneling would be carried out directly in hardware. 
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D-Wave processors are designed to harness a fundamental principle operating in both quantum and 
classical regimes - the propensity for all physical systems to minimize their free energy. Free energy 
minimization in a classical system is referred to as annealing. Free energy minimization in a quantum 
system is referred to as quantum annealing.  D-Wave has demonstrated that quantum annealing can 
hasten the energy minimization process. D-Wave processors compute by piggybacking on quantum 
annealing which can be operated as a UQC. In this regime of operation, the computational model is 
referred to as adiabatic quantum computation (AQC), which can be thought of as the long-time limit of 
quantum annealing [26]. 

 
1.2.9.2 TRAPPED ION-BASED SUPERCONDUCTOR QC 
 

 
  
Fig. 1.10. Cold atoms confined in an optical lattice formed by multidimensional optical standing-wave potentials, with solid 

balls depicted as 0  and clear spheres as 1 .  

 
The most successful demonstrations of quantum computing have involved atoms trapped in 

magnetic fields One method for building a trapped-ion computer connects ions through common 
motions of a string of ions electrically levitated between two arrays of electrodes. Because the positively 
charged particles repel one another, any oscillatory motions imparted to one ion by a laser will oscillate 
the whole string of ions. Lasers can also flip an ions’ magnetic orientations encoding the data carried 
by the string [27]. 

Scaling these systems is difficult because longer strings containing more than ~20 ions seem 
impossible to control because the collective modes of common motion would interfere with one another. 
Now grid-like-traps (Fig. 1.10) allow ions to be moved from a string in the system’s memory to another 
data processing string. Quantum entanglement of the ions allows data to be transferred from one trap 
zone to another [26-29]. 
 

 
 
Fig. 1.11.  The “ambiguous cube” (a) is like an ion in a superposition state—a measurement of the ion will lock it into one of 
two definite states (0 or 1). When two ions are in an entangled superposition (b), a measurement will force both ions into the 
same state (either 0 or 1) even though there is no physical connection between them. Redrawn from [30]. 
 

It should be easy to scale trapped ions to large numbers of qubits by merely connecting several types 
of quantum logic gates made from trapped ions; and if the qubits are encoded with multiple ions, the 
system should be fault tolerant. In this manner, Wineland suggests “a useful trapped-ion quantum 
computer would most likely entail the storage and manipulation of at least thousands of ions, trapped 
in complex arrays of electrodes on microscopic chips”. Wineland’s team created a 4-qubit quantum 
computer by entangling four ionized beryllium atoms in an em-trap. After linearly confining the ions, 
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they were laser cooled to a few mK and their spin states synchronized. Finally, a laser was used to 
entangle the particles, creating a superposition of both spin-up and spin-down states simultaneously for 
all four ions. Wineland goes on to say: 

‘Firstly, a UQC requires reliable memory where decoherence will not occur before the data is 
processed and measured. Trapped ions have been shown to have coherence times over 10 minutes long’. 

‘Secondly, the ability to manipulate individual qubits is essential. Oscillating magnetic fields applied 
for a specified duration, can be used to flip a trapped ion qubits magnetic orientation. Currently, the 
small distances between trapped ions (millionths of a meter), make it difficult to localize the oscillating magnetic 
fields to an individual ion’ [30]. 

 

 
 
Fig. 1.12. Trapped ion truth table from ambiguous cubes. A trapped-ion computer would rely on logic gates such as the CNOT, 
which consists of two ions, A and B. The truth table shows that if A (control bit) has a value of 0, the gate leaves B unchanged. 
But if A is 1, the gate flips B, changing its value from 0 to 1, and vice versa. And if A is in a superposition state of 0 and 1, the 
gate puts the two ions in an entangled superposition state identical to the one in Fig. 1.11. Redrawn from [30]. 
 

Trapped atom qubits can also be measured with nearly 100% efficiency through the use of state 
dependent fluorescence detection. Trapped atomic ions are particularly attractive quantum computer 
architectures, because the individual charged atoms can be confined in free space to nanometer 
precision, and nearby ions interact strongly through their mutual Coulomb repulsion. A collection of 
atomic ions can be confined with appropriate em-fields from nearby electrodes, forming a 3D harmonic 
confinement potential, as depicted in Fig. 1.10. When the ions are laser cooled to a center of the trap, 
the balance between the confinement and the Coulomb repulsion forms a stationary atomic crystal. The 
most typical geometry is a 1D linear atomic crystal, where one dimension is made significantly weaker 
than the other two. In such a linear trap, the collective motion of the ion chain can be described 
accurately by quantized normal modes of harmonic oscillation, and these modes can couple the 
individual ions to form entangled states and a variety of quantum gates [29-31]. 

 

1.2.10. Diamond Based Quantum Computers 
 
Diamond-based quantum computers are being realized by qubits with an electronic or the nuclear spin 
of nitrogen-vacancy centers in synthetic diamond crystals. Among solid-state systems, the nitrogen-
vacancy (NV) in diamond is found to have an excellent optically addressable memory with satisfactory 
electron spin coherence times. Recent efforts have demonstrated quantum entanglement and 
teleportation between two NV-memories, but as true for scaling virtually any proposed QC substrate to 
larger networks, NV diamond qubits will require more efficient spin-photon interfaces such as optical 
resonators. Situating nitrogen atoms next to gaps in a diamond's crystal lattice produces ‘nitrogen 
vacancies’, which enable optical control of the magnetic orientation (spin) of individual electrons and 
atomic nuclei. 
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Fig. 1.13. Nitrogen-vacancy (NV) diamond qubit substrate. The NV consists of a substitutional nitrogen atom adjacent to a 
vacancy in the diamond lattice. The diamond photonic cavities are integrated on a Si substrate with metallic strip lines for 
coherent spin control. They are optically addressed using a confocal setup with 532 nm CW excitation and photoluminescence 
collected > 630 nm ladder-like structure etched into diamond. The gaps between the ladder's ‘rungs’ act like a mirror, 
temporarily trapping light particles emitted at the ladder's center. Adapted from [32]. 
 

Among all crystals, diamond is particularly good for capturing an atom, because the diamond nuclei 
are essentially free of magnetic dipoles, which can cause noise on the electron spin. Diamond NV spin 
superpositions have been found to last almost a second. But in order to communicate with each other, 
NV qubits need to be able to transfer information via photons, requiring the vacancy to be positioned 
inside an optical resonator. As shown in Fig. 1.13 a Diamond NV device consists of a ladder-like 
diamond structure with a NV at its center suspended horizontally above a silicon substrate.  

Shining light perpendicularly onto the ladder kicks an NV electron into a higher energy state. When 
it drops back to ground, it releases the excess energy as a photon. The gaps in the diamond structure - 
spaces between rungs in the ladder, act as a photonic crystal, confining the photon so that it bounces 
back and forth across the vacancy thousands of times. When the photon finally emerges, it has a high 
likelihood of traveling along the axis of the ladder, so that it can be guided into an optical fiber [32]. 
 
1.2.11. Quantum Dot Quantum Computer 
 
A quantum dot (QD) is a type of nanoscale atomic/molecular structure or nanocrystal made of silicon 
and semiconductor materials of which there are at least 200 kinds. Generally, a QD is any 
nanocrystalline material which tightly confines its excitons in all three spatial directions. A QD can be 
designed as a single qubit. There are numerous methods for utilizing quantum dots in quantum 
information processing; and QD technology is among the more promising candidates being studied for 
use in solid-state quantum computation. 

In semiconductors, thermal energy is sufficient to cause a small number of electrons to escape from 
the valence bonds between the atoms (valence band); allowing them to orbit in the higher energy 
conduction band instead where they are relatively free. Gaps in the valence band are called holes. The 
hole within an exciton is called the Bohr radius of the exciton; and Excitons are coupled electron-hole 
pairs via a Coulomb force. 

A significant factor for using QDs for quantum information processing is that QDs can have a radius 
close to or smaller than the Bohr radius value, which in a typical semiconductor is a few nanometers. 
This is the scenario where a particle reveals its specific quantum mechanical properties: 

 

“In bulk semiconductors, the exciton can move freely in all directions. When the length of a semiconductor is reduced to 
the same order as the exciton radius, i.e., to a few nanometers, quantum confinement effect occurs and the exciton 
properties are modified. Depending on the dimension of the confinement, three kinds of confined structures are defined: 
quantum well (sometimes termed QW), quantum wire (QWR) and quantum dot (QD). In a QW, the material size is reduced 
only in one direction and the exciton can move freely in other two directions. In a QWR, the material size is reduced in 
two directions and the exciton can move freely in one direction only. In a QD, the material size is reduced in all directions 
and the exciton cannot move freely in any direction” [33].  
By applying small voltages to the leads, the flow of electrons through the quantum dot can be 

controlled and thereby precise measurements of the spin and other properties therein can be made. With 
several entangled quantum dots, or qubits, plus a way of performing operations, quantum calculations 
and the quantum computers that would perform them might be possible. 
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 The two main types of QD quantum computing being studied are: 
 
 Spin-based Quantum dot computer, such as the Loss-Di Vincenzo quantum computer where the 

qubit occurs as the spin states of trapped electrons [34-36]. 
 

 Spatial-based Quantum dot computer, where the qubit occurs from the position of electrons in 
double quantum dot. QC researchers have been focusing on QDs formed in GaAs heterostructures, 
nanowire-based QDs, and self-assembled QDs [37]. 

 
In Fig. 1.14 a gallium arsenide semiconductor is coated with plastic and the nanoscale lines are cut 

into the plastic with a beam of electrons. Then the lines were filled with metal and the plastic dissolved, 
leaving lines ~ 50 nanometers wide (5-10 atoms). The quantum dots (center of the image) are pools of 
~ 20-40 electrons. Each dot is ~180 nanometers in diameter. The modulated Swap operation is achieved 
by applying a pulsed gate voltage between the dots, making the exchange constant in the Hamiltonian 
time-dependent: 

    .S L RH t J t S S
 

              (1.6) 
 

which is valid only if the level spacing in the quantum-dot is much greater than kT , the pulse 
time scale, S is greater than / ,E  so there is no time for transitions to higher orbital levels 

to happen and also the decoherence time 1  is longer than S  [37]. 
According to Jeong and his team, the QD are defined by ten independently tunable QD gates on a 

GaAs/AlGaAs heterostructure containing a 2D electron gas (2 oK) located 80 nm below the surface. 
The low temperature sheet electron density and mobility are n = 3.8 × 1011cm−2 with µ = 9 × 105 cm2/Vs, 
respectively. The lithographic dot size is 180 nm in diameter and each dot contains about 40 electrons. 
To reduce unnecessary degrees of freedom in controlling the double dot, gates sitting on the opposite 
side are connected together, giving a total of five pairs of controllable gates. Gate pair V1 and V5 are 
used to set tunneling barriers, while the V3 sets the inter-dot tunnel coupling. V2 and V4 control the 
number of electrons and energy levels in each dot separately [37]. 
 

    
 
Fig. 1.14. a) Depicting a double quantum dot. Each SL or SR electron spin defines one 2-level system (qubit) in the ‘Loss-Di 
Vincenzo Model’. The narrow gate between the two dots modulates the spin coupling, allowing swap operations. b) Physical 
realization of the quantum dots utilizing electron beam lithography. Figs. Redrawn from [37]. 
 
1.2.12. Transistor-Based Quantum Computer 
 
A Transistor-based quantum computer is a string quantum computer with an entrainment of positive 
holes using an electrostatic trap. A microwave field is used to gain control over an electron bound to a 
single phosphorous atom implanted next to a specially-designed silicon transistor, a device made in a 
manner similar to making common silicon computer chips. 

From team member Morello: "This is the quantum equivalent of typing a number on your keyboard. 
This has never been done before in silicon, a material that offers the advantage of being well understood 
scientifically and more easily adopted by industry. Our technology is fundamentally the same as is 
already being used in countless everyday electronic devices, and that's a trillion-dollar industry." 



Richard L Amoroso – Fundaments of Quantum Computing 
 

21 
 

Veldhorst’s team presents a 2-qubit logic gate, which uses a single spin in isotopically enriched 
silicon and is realized by performing single- and 2-qubit operations in a QD system using the exchange 
interaction, as envisaged in the Loss-Di Vincenzo proposal discussed briefly in 1.2.11, the Quantum 
Dot Quantum Computer [34,35]. He realizes CNOT gates by controlled-phase operations combined 
with single-qubit operations. Direct gate-voltage control provides single-qubit addressability, together 
with a switchable exchange interaction that is used in the 2-qubit controlled-phase gate. By 
independently reading out both qubits, the transistor-based QC can measure anti-correlations in the 2-
spin probabilities of the CNOT gate [38]. 
 

1.2.13. Molecular Magnet Quantum Computer 
 
A Molecular Magnet Quantum Computer (MMQC) is an additional form of the Loss-Di Vincenzo 
proposal [34-35]. The potential of molecular magnets as the building blocks of a UQC is the attractive 
simplification in the control procedure for the quantum gates provided by many-spin systems coming 
from the high symmetry shown to lead to a relatively simple way to address spin degrees of freedom in 
molecular magnets. The advantage of an anisotropic effective spin interaction in QC memory 
applications is demonstrated by using Grover’s quantum search algorithm in a generic easy-axis 
molecular magnet. Electric control of spin-spin coupling has been shown to enable 2-qubit quantum 
gates in polyoxometalates [39,40].   
 

 
 
Fig. 1.15.  High symmetry properties of single-molecule magnets for QC. Shows the double well potential of the spin due to 

magnetic anisotropies in 12Mn with the initial state, 0 s  . Arrows depict transitions between spin eigenstates driven by 

the external magnetic field H. Figure adapted from [40].   
 

It is of interest to briefly summarize the Leuenberger & Loss [40] proposal for what they call ‘a 
feasible implementation of Grover’s factoring algorithm’ utilizing 8Fe and 12Mn as molecular magnets. 
The initial state, 0 s   is prepared by applying a strong field in the z direction. Then field brought 

near zero (to bias )zH  so that all m states become localized. 

Once a state is marked and amplified (decoded) readout is performed by standard pulsed ESR 
spectroscopy. Then the magnet is irradiated with a single pulse of duration, T with frequencies, 1, ,m m   

with 02,..., ,m s m   inducing transitions of 1st order amplitudes,  1
1,m mS  . To illustrate, Leuenberger 

& Loss assume state, 7  is populated, from which stimulated emission can be observed in the transition 

from 7  to 8 at frequency, 6,7   uniquely identifying the marked level. They go on to say 

generally that, if states, 1 2, ,..., ,km m m  where 1 ,k n   are marked, the following 

absorption/emission intensity is measured:   

    0
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The spectrum identifies all marked states clearly. In this manner implementing the entire Grover 

algorithm (input, decoding, read-out) is achieved by three pulses of duration, T with 
1 1 1

0 , 1, ,d m m mT     
   giving a clock speed of ~10 GHz for Mn12 such that the complete process 

takes only 10-10 s [40].   
 
1.2.14. Bose–Einstein Condensate-Based Quantum Computer 
 
In 1924 Einstein pointed out that unlimited bosons could condense into a single ground state [41,42]. 
Recently QC based on Bose–Einstein condensation (BEC), the state of matter composed of a dilute gas 
of bosons cooled close to absolute zero, has been proposed. 

Recent progress in solid-state quantum computing using super-conducting qubits on Cooper pairs 
of charged electrons met limitations due to decoherence effects caused by the strong Coulomb 
interaction of the superconducting qubit with the environment. To solve the problem, Andrianov and 
Moiseev have proposed a solution by trying another BEC setup utilizing uncharged long-lived magnons, 
where the magnon BEC qubit can be realized due to a magnon blockade isolating pairs of the magnon 
condensate energy levels in mesoscopic and nanoscopic ferromagnetic dielectric samples [43].  

 

 
 
Fig. 1.16. Layout of the single qubit gate, Magnon Bose-Einstein Condensate (MBEC), laser pumping (LP), microwave 
resonator (MWR), current in the magnetic coil, J and the magnetic field, B0. The MBEC is excited by laser pulse. Qubit rotation 
is achieved by the interaction with a standing microwave field in a high-quality resonator. Redrawn from [43]. 

 
Andrianov and Moiseev want to demonstrate single-qubit gates by operating quantum transitions 

between these states in the external microwave field. They are also studying implementation of the 2-
qubit gate by using the interaction between the MBEC qubits due to exchange of virtual photons in a 
microwave cavity. They hope to achieve conditions for long-lived MBEC qubits, a scalable architecture, 
and utility of the promising advantages of the multi-qubit QC the MBEC qubit offers [43]. 

Hecht presents a different scheme for BEC quantum computation utilizing atomic many-body states. 
The system she has in mind consists of a 2-species interacting BEC, which, under the right conditions, 
behaves like a robust 2-level system protected by an energy gap from higher excited levels. The two 
states can be used to encode a qubit. Hecht claims to show how to create a universal set of quantum 
gates by inducing energy shifts on the atomic levels, by changing the Raman coupling between atomic 
states and allowing tunneling between pairs of the BEC condensates. The scheme is limited by particle 
losses as a key source of decoherence, but Hecht suggests that for small numbers of particles and weak 
Feshbach resonance, maximally entangled states between two qubits can be produced [43,44]. 
 

1.2.15. Rare-Earth-Metal-Ion-Doped Inorganic Crystal QC 
 
Rare-earth-metal-ion-doped inorganic crystal based quantum computers are being developed to use the 
internal electronic state of dopants put in optical fibers. The aim of initial experiments towards 
constructing simple quantum gates in such solid-state materials using these specially tailored crystals, 
is to select a subset of randomly distributed ions in the ion-doped material, ones which have the 
interaction necessary to control each other and can therefore be used for quantum logic operations. 
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Experimental results demonstrate that part of an inhomogeneously broadened absorption line can be 
selected as a qubit and that a subset of ions in the material can control the resonance frequency of other 
ions. This is the key to opening the way for the construction of quantum gates in rare-earth-ion doped 
crystals. 

Rare-earth-ion doped crystals have several attractive features for implementing quantum gates. 
Because of the existence of a partially filled inner shell (4f) that is shielded from the environment by 
outer electrons, they have optical transitions with very narrow line-widths. For Eu doped into Y2SiO5 
for example, some transitions have homogeneous line-widths of less than 1 kHz. The narrow line-width 
makes it possible to coherently manipulate the ions with long sequences of laser pulses. Most rare-
earths have a hyperfine splitting of the ground state, due to nuclear quadrupole interactions. Any nucleus 
with more than one unpaired nuclear particle (protons or neutrons) will have a charge distribution which 
results in an electric quadrupole moment. NMR of the anisotropy of the magnetic hyperfine and nuclear 
quadrupole interactions in rare-earth orthochromites in the vicinity of the order-order type magnetic 
phase transition, with GdCrO, as the rare-earth example, show that the nuclear quadrupole interactions, 
along with the magnetic anisotropies of the hyperfine interactions, contribute to the splitting of the 
NMR lines of 53Cr in the transition region [45]. 

The relaxation between different hyperfine levels is very slow and lifetimes are as long as hours or 
days. Measurements of the dephasing time between the hyperfine levels are lacking for many materials, 
but it is at least of the order of milliseconds for some combinations of dopants and hosts. When doped 
into inorganic host crystals, the differently located ions experience shifts of their optical absorption 
frequencies because of imperfections in the crystal host lattice. Because of the differences between 
different positions in the lattice, the shifts will be different for different ions, creating an inhomogeneous 
broadening of the optical transition. The broadening can be several GHz, making it possible to address 
more than 106 different spectrally distinct channels. [46] 

Another rare-earth-ion doped crystal QC research team headed by Walther is studying a high-fidelity 
readout scheme for a ‘single instance’ approach to quantum computing in rare-earth-ion-doped crystals. 
The scheme is based on using a different species of qubit and readout ions; Walther shows that by 
allowing the closest qubit ion to act as a readout buffer, readout error can be reduced by more than an 
order of magnitude. The scheme is shown to be robust against certain experimental variations, such as 
varying detection efficiencies.  Walther’s team has found a way to use the scheme to predict the 
expected quantum fidelity of a CNOT gate in a variety of solid state systems that he predicts are 
scalable.  

By monitoring the cavity-enhanced fluorescence from one rare-earth ion using another long-lived 
rare-earth ion species as a buffer stage that can be repeatedly cycled, several buffer stages can be 

concatenated to yield a very long effective detection times reaching 310   for a wide variety of 
collection efficiencies and background levels. The team then used this result, together with known error 
sources, to obtain expected fidelities for a CNOT gate of 99 % and for larger GHz states remaining 
above 92 % for up to 10 qubits. One of the present limitations of his assumptions is that the expected 
increase in performance for qubit rotations when switching from Pr to Eu has not been fully 
experimentally verified as of yet [47,48]. 
 
1.2.16. Linear Optical Quantum Computer (LOQC)   
 
Linear optical quantum computer (LOQC) development attempts to realize qubits by processing 
different modes of light as quantum states (photonic qubits) through linear elements like mirrors, beam 
splitters and phase shifters, which is a form of the quantum circuit model as in 1.2.2 [8]. Optical 
quantum technologies are highly sought for quantum information processing (QIP) because they link 
QC with quantum communications in the same framework.  

Up to N x N unitary matrix U(N) operations can be realized using just mirrors, beam splitters and 
phase shifters which preserve the quantum state of light; but the intrinsic challenge as well-known, is 
that photons only interact minimally. Initially this problem was partly solved by adding nonlinearity via 
the Kerr effect to LOQC; this allowed operations such as the single-photon CNOT gate. This was 
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followed by discovery of the KLM protocol by Knill, Laflamme and Milburn that uses linear optical 
elements to promote nonlinear operations [49]. 

 

 
 
Fig. 1.17. Linear optics implementation of Nondeterministic Sign-Flip gate (NS-gate). The elements framed in the box (dashed 
border) is the linear optics implementation with three beam splitters and one phase shifter. Modes 2 and 3 are ancilla modes. 
Adapted from [49]. 
 

Photon states for a 2-qubit representation could be written as 01 0 1
  

  for two orthogonal 

photon polarization modes prepared by optical parametric down-conversion which emits EPR 
correlated photons. Linear optics in LOQC is supported by a complete set of SU(2) operators. If a 
unitary matrix is correlated with an optical beam splitter,  ,B  , the 2 x 2 matrix is 
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the reflection and transmission amplitudes determine   and   [49-51].    

 A nonlinear sign-flip gate implements the transform: 
 

0 1 2 0 1 2NS: 0 1 2 0 1 2 ,                    (1.9) 

 
which is the basis, along with ancilla, for implementing the CNOT-gate [52]. The nonlinear sign gate 
can be implemented non-deterministically by three beam splitters, two photo-detectors, and one ancilla 
photon. The implementation of conditional sign flip gate is then made by the combination of the 
nonlinear sign gate and the physics of Hong-Ou-Mandel (HOM) interferometer. For an arbitrary two 
qubits [53] 
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The NS-gate in Fig. 1.17 gives a nonlinear phase shift on one mode conditioned on two ancilla 

modes. The output is accepted only if there is one photon in mode 2 and zero photons in mode 3 

detected, where the ancilla modes 2 and 3 are prepared as the
2,3

10 state [49, 53-55]. 

 
1.2.17. Optical Lattice Based Quantum Computing (OLQC) 
 
In an Optical Lattice Based Quantum Computer (OLQC) qubits are implemented by internal states of 
neutral atoms such as, 6Li and 133Cs trapped in an optical lattice as shown in Fig. 1.18.   
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Fig. 1.18. Optical lattice of qubits trapped potential minima by the Stark shift. 

 
Optical lattices are often formed by counterpropagating laser beams, interfering to form spatially 

periodic polarization patterns. The resulting periodic potential traps neutral atoms by the Stark shift 
(shifting and splitting of spectral lines of atoms and molecules due to presence of an external electric 
field). The neutral atoms are cooled and congregate in locations of potential minima where the trapped 
atoms resemble a crystal lattice [56-58]. 

One novel scheme uses Li-Cs molecular states to entangle ultracold 6Li and 133Cs atoms held in 
independent optical lattices. The 6Li atoms act as the qubits, and the 133Cs atoms serve as messenger 
qubits aiding in q-gate operations to mediate entanglement between distant qubit atoms. The separated 
species can be overlapped by translating the lattices. When the 133Cs messenger and 6Li qubit atoms are 
overlapped, targeted single spin operations and entangling operations would be performed by coupling 
the atomic states to a molecular state with rf-pulses. By controlling frequency and duration of the rf-
pulses, entanglement can either be created or swapped between a qubit messenger pair [59]. 
 

1.2.18. Cavity Quantum Electrodynamics Quantum Computing 
 

In Cavity Quantum Electrodynamics Quantum Computing (CQEDQC) a qubit is based on the internal 
state of trapped atoms coupled to high-finesse cavities. Following Burell, an essential component of 
CQEDQC is the Fabry-Perot partially silvered mirror cavity, which partially reflects and transmits 
incident light Ea and Eb, which has the effect of producing output fields Ea′ and Eb′, which are related 
by the unitary transformation: 
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where R is the reflectivity of the mirror. A Fabry-Perot (FP) cavity is made from two plane parallel 
mirrors of reactivities R1 and R2, incident upon which is light from outside the cavity Eint. Inside the 

cavity, light bounces back and forth between the two mirrors acquiring a phase shift ie  on each trip. 
The internal cavity field is  
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One of the most important things about the Fabry Perot cavity for purposes of CQEDQC is the power 
in the internal cavity field mode as a function of the power and frequency of the input field, 
 

2

cav cav 1
2

in in
1 2

1

1 i

P E R

P E e R R


 


        (1.13) 

 



Richard L Amoroso – Fundaments of Quantum Computing 
 

26 
 

Frequency selectivity arises because of constructive and destructive interference between the cavity 
mode and the reflected light front. Another indispensable feature is that on resonance, the cavity field 
achieves a maximum which is approximately (1 − R)−1 times the incident field [60].  

An optical CQEDQC could be almost entirely comprised of optical interferometers. The quantum 
information would be encoded in both the photon number states and the photon phase. The 
Interferometers would perform the switching function between the two representations. Stability is a 
major issue, because the relatively short scale of the de Broglie wavelengths of the qubits would make 
stable interferometers a challenge to construct [60].   

 

 
 
Fig. 1.19. Schematic CQED dipole spin-dependent transitions with circularly polarized photons for utility in CQEDQC 
modeling. a) A charged quantum dot inside a 1-side micropillar-microcavity interacting with circularly polarized photons, 

where inâ  and outâ are the input and output field operators of the waveguide, respectively. (b)  Optical selection rules by the 

Pauli exclusion principle. L and R denote left and right circular polarization respectively,   and   represent spins of excess 

electrons and   and   negatively charged excitons. Figure redrawn from [61].  
 
1.2.19. Nuclear Magnetic Resonance (NMR) Quantum Computing 
 
Nuclear Magnetic Resonance Quantum Computing (NMRQC) is among the 1st and most mature 
technologies for implementing quantum computation. It utilizes the motion of spins of nuclei in a 
variety of molecules such as the hydrogen and the carbon nuclei of chloroform, manipulated by rf-
pulses. The spin-lattice (T1) and spin-spin (T2) relaxation processes in NMR are key factors in the ability 
to implement NMRQC quantum algorithms. NMRQC has taken two forms: 
 
 Liquid-state NMRQC on molecules in solution with the qubit provided by nuclear spins within the 

dissolved molecule [62]. 
 Solid-state NMR Kane quantum computers with qubits realized by the nuclear spin state 

of phosphorus donors in silicon [17]. 
 

 
 
Fig. 1.20. Signal amplitude loss in NMRCC due to preparation of pure states as a function of the size of the quantum register, 
causing NMR QC to be difficult beyond a few qubits. 
1.2.19.1 LIQUID-STATE NMRQC 
 
NMR differs from other implementations of QC in that it uses an ensemble of systems, in this case 
molecules. The ensemble is initialized to be the thermal equilibrium state as given by the density matrix:   
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where H is the Hamiltonian matrix for a single molecule with 1/ ,kT   k Boltzman’s constant and T 

the temperature. Ensemble operations are performed through rf-pulses applied orthogonally to a strong, 
static field, created by a large NMR magnet [62].  

It is very difficult to prepare NMRQC systems in pure spin states because of the tiny energy gap 
between nuclear spin states. This seriously challenges the scalability of NMRQC because the procedure 
for preparing the required pseudo-pure states averages all the populations but one. As long as the spin 
system can be described by the high temperature approximation, the population of an individual spin 
state is inversely proportional to the number of states. But this scenario decreases as 2-N with an increase 
in the number of spins, N. The detectable signal size therefore limits the possible number of spins to be 
used in NMR quantum information processors. The reduction of sensitivity associated with the 
preparation of pseudo-pure states can be avoided by using algorithms that do not require pure states to 
work with [63]. 

 
 
Fig. 1.21.  Experimental set up for Liquid-state NMRQC on molecules in solution with the qubit provided by nuclear 
spins within the dissolved molecule. For a time, NMRQC was very appealing leading model for QC research, but as shown in 
Fig. 1.20 severe tactical problems have removed it from the limelight until these problems are solved. 

 
It has also been shown that liquid state ensemble NMRQC do not possess quantum entanglement as 

required for quantum information processing; thus it appears that NMRQC are only classical 
simulations of a QC. Quantum ensembles represent possible states of a mechanical system of particles 
that are maintained thermodynamically with a reservoir. The system is open in the sense that it can 
exchange energy and particles with a reservoir, so that various possible states of the system can differ 
in both their total energy and total number of particles. The system's volume, shape, and other external 
coordinates are kept the same in all possible states of the system [64]. 
 
1.2.19.2 SOLID-STATE NMRQC 
 
For solid-state NMRQC see Sect. 1.2.5, the brief review of Kane Nuclear Spin QC where: 
 
1) The state has an extremely long decoherence time, on the order of 1018 seconds at mK temperatures.  
 
2) Qubits can be manipulated by applying an oscillating NMR field [17].   
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1.2.20. Topological Quantum Computing (TQC) 
 
Topological Quantum Computing (TQC) is based on the braiding of anyons in a 2D lattice at cryogenic 
temperatures near absolute zero. TQC is among the most promising considerations for Bulk UQC; and 
the scenario that Microsoft has placed it’s bet on [65]. Anyons are 2D quasiparticles that are neither 
Bosons or Fermions operating with the Fractional quantum Hall effect.  Common substrates are doped 
GaAs, Pb or Si, InSb and InAs semiconducting nanowires some of which support Majorana Zero Modes 
(MZM). Non-Abelian anyons are the key requirement for the anyonic model of TQC, but their existence 
has not yet been experimentally confirmed. But recent experimental work following theoretical 
predictions, has shown signatures consistent with the existence of Majorana modes localized at the 
ends of semiconductor nanowires in the presence of a superconducting proximity effect [66]. 

The topological braiding of these anyonic non-Abelian fractional quantum Hall effect quasiparticle 
Majorana fermions provides a high degree of error protection from decoherence by interaction with the 
environment (the braid state has remained experimentally inaccessible). The actual TQC is done by the 
edge states of a fractional quantum Hall effect. When anyons are braided the quantum information 
which is stored in the state of the system is impervious to small errors in the trajectories. Braiding acts 
as a matrix on a degenerate space of states. The relevant quasiparticle in the Moore-Read state is a 
‘Majorana fermion’ which is its own antiparticle, ‘half’ of a normal fermion. The effect of the exchange 
on the ground state need not square to 1. ‘Anyon’ statistics: the effect of an exchange is neither +1 
(bosons) or -1 (fermions), but a phase [67]. 

Freedman, Kitaev, Larsen, & Wang (FKLW) found that a conventional QC device, with an error-
free operation of its logic circuits, gives a solution with an absolute level of accuracy, whereas a FKLW 
device with flawless operation will give the solution with only finite accuracy; but any level of precision 
for a readout can be obtained by adding more anyon braid twists (logic circuits) to the TQC, in a simple 
linear relationship. In other words, a reasonable increase in elements (braid twists) can achieve a high 
degree of accuracy in the answer [68]. Note that this solution can be considered the same as applying 
the Quantum Zeno Effect (QZE) to Interaction Free Measurement (IFM), discussed in detail in Ch. 7.  

 

 
 

Fig. 1.22. Topological quantum computing schema of quasiparticle exchange. (a) Basic operations, 1  and 2 on a 

system of three quasiparticles. Top: Temporal evolution of the system from the initial state 
i  to the final state 

1(2) 1(2) i   . Bottom: diagrammatic representations of the quasiparticle exchange operations. (b) Example of logic gate 

operations for the basic operations 1  and 2 shown in (a) and their inverses 1
1
  and 1

2
 .  Redrawn from [67]. 

 
Even though quantum braids are inherently more stable than trapped quantum particles, there is still 

a need to control for error inducing thermal fluctuations, which produce random stray pairs of anyons 
which interfere with adjoining braids. Controlling these errors is simply a matter of separating the 
anyons to a distance where the rate of interfering strays drops to near zero [67].  
 TQC provides a possible new architecture for QC with a low error rate by exploiting anyon braiding 
in the topology of quasiparticles. Anyons have different statistics than Bosons (Bose-Einstein spin 1 
statistics) and Fermions (Fermi-Dirac spin 1/2 statistics). Semiconductor devices are expected to host 
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these exotic quasiparticle states, predicting that TQC will have properties sufficient for error-free 
quantum computation. A more detailed analysis of TQC is given in Chaps. 9 and 10. TQC is considered 
a ‘toy model’ for the introduction of the Unified Field Mechanical (UFM) Ontological-Phase 
Topological Field Theoretic QC presented as the main purpose of this volume. See Chap. 12. 
 
 
1.2.21. Unified Field Mechanical Quantum Computing 
 
Unified Field Mechanical Quantum Computing (UFMQC) is probably the newest QC model; although 
under theoretical development for over a decade, understanding its formulation only began to gel while 
writing this volume. Its Group Theory is not fully known yet; and its basis has been given the provisional 
name: Ontological-Phase Topological Field Theory or in terms of quantum information processing: 
Ontological-Phase Topological Quantum Computing (OPTQC), which we will do our best to make a 
case for in Chaps. 12, 13 and 15. 
 What this currently highly speculative model has to offer is pointed out acutely in the subtitle of this 
volume ‘Surmounting Uncertainty – Supervening Decoherence’. Those UFM scenarios, if correct 
totally remove conditions plaguing virtually all the other QC models outlined in this chapter. Its most 
redeeming factor is that it is experimentally testable; and preparations are underway to do such [69,70]. 
 
 
1.3 Concept 
 
 
Computation whether classical or quantum is Boolean, utilizing a symbolic system of algebraic notation for 
binary variables that are used to represent logical propositions or logical operators having two possible values 

denoted as ‘true’ and ‘false’, 1 and 0 or   or  [71]. Information is physical and cannot exist without 

a physical representation. The question is how to move from current more symbolic representations to 
methods of representing algorithms in a manner connoting physical reality to the extent now required 
by UFM? The supposition is that a purely mathematical space such as the multidimensional Hilbert 
space currently in use can no longer be considered adequate for implementing universal quantum 
information processing (QIP). It is a fairly recent idea to worry about the fact that information is 
physical in this respect [72-74], and that while mere binary representations have been adequate for 
Turing machines for the last 70 years, and even all the QIP done to date at the semi-classical limit; the 
scenario is not sufficient for QC at a UQC level, especially as we pass beyond the historical basis of 
Unitarity and Locality to the requirements for relativistic QIP effects and further to incorporate the 
necessary phenomena imposed by UFM and the associated OPTFT. 
 Moore’s Law has approached unity as we speak; and as everyone knows computing at the quantum 
level is plagued by a lack of control of quantum degrees of freedom by interaction with the environment 
and vacuum fluctuations. The wavefunction, 0 1    complicates the concept of reality for 

Euclidean observers. In order to determine the state of a physical object we have to interact with it; 
don’t we? 
 Two quantum systems as represented by the wavefunction above are entangled by a standard unitary 
operation, 0 0 0 1 1 ,Uent      can be unknown and 0 a known state, that can be extended 

to an N-qubit product state which can be operated on simultaneously by U: 
 
                          ent 0 0 0 0 ... 0 0 ~ 00000...00 00000...01 00000...10U      

                                    
                                            N times 
                                    (1.15) 

                                 ... 1111...00 1111...01 1111...10 1111...11 2 terms .N        
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We have been at this point for a long time for all QC systems under study; all plagued by decoherence 
with severity increasing with the number of qubits. Error correcting techniques have been proposed for 
arbitrary size qubit registers [75-77]. 

Any quantum system such as electron spin whose state space can be described by a 2D complex 
vector space can be used to implement a qubit. By current thinking, ‘The QC must operate in a Hilbert 
space whose dimensions may be grown exponentially as an infinite-dimensional analog of Euclidean 
space such that an abstract vector space possessing the structure of an inner product allows length and 
angle to be measured’. This scenario has been good in principle until now, and probably retains utility 
in some QC mathematical and algorithm preparation processes; but since the Bloch 2-sphere 
representation is not physical, it can no longer be considered a sufficient description for practical 
implementations of UQC.  
 
 
1.4. Conundrum - Hypotheses non Fingo   
 
Newton claimed he did not make use of fictions, "Whereas the main business of natural Philosophy is 
to argue from Phaenomena without feigning Hypotheses" [78]. I have no idea what the most myopic 
hypothesis in the in the history of science is; I do know that theory drives experiment and experiment 
drives theory and that finally the much-criticized string/M-Theory has finally become testable after 
several decades of criticism. I say this because a very radical model of UQC is presented in this volume. 
It has been tinkered with for 20 years and finally is sufficiently testable to promote. One corner of the 
QC community has finally caught up with the premise of relativistic qubits in the last couple years. The 
TQC anyon quasiparticle Hall effect model seems to be a 2D toy model of our model. As far as the 
penultimate requirement of UFM; we seem first to use the term.  

Few physicists consider Large-Scale Additional Dimensionality (LSXD), but sufficiently so, that 
experiments at CERN are being developed to search for them. Our UFM protocol to find them is table 
top and low energy, which if successful will put an end to the need for supercolliders. We are 
formulating an Ontological-Phase Topological Field Theory (OPTFT) to address the putative 
parameters. Our view of a UFM fortunately makes easy correspondence to HD extensions of the 
Wheeler-Feynman-Absorber Cramer-Transactional De Broglie-Bohm-Vigier causal interpretations of 
quantum theory as well as dual 3-tori Calabi-Yau brane mirror symmetry (thus OPTFT). Even though 
I’m riding a wild stallion, it is a very radical paradigm shift that blows even the author’s mind. The 
most difficult part for colleagues to embrace/comprehend is the ‘continuous-state’ evolution of the HD 
brane topology; along with the fact that ‘the Earth is not the center of the Universe’, flagrantly meaning 
that we, as physical observers, must give up observation from the perspective of Euclidean 3-space as 
the primary vantage. It’s always like this in a paradigm shift; get over it, leap-frog over and beyond me 
and enter the ‘brave new world’. The late Karl H. Pribram, noted Stanford neuroscientist (holographic 
brain model), once asked me on a beach approaching sunset, in Long Beach, CA USA “Aren’t we all 
in this together?”, while we were pondering the reflection of the sun on the water, arguing about how 
many images there were… 
 
1.4.1 The Church-Turing Hypothesis 
 
The Church-Turing Hypothesis states, every function naturally regarded as computable can be 
computed by the universal Turing machine, interpreted quasi-mathematically as the conjecture that all 
possible formalizations of the mathematical notion of algorithm or computation are equivalent to each 
other. But Deutsch says, “we shall see that it can also be regarded as asserting a new physical principle, 
which I shall call the Church-Turing principle to distinguish it from other implications and connotations 
of the conjecture. My statement of the Church-Turing principle is manifestly physical … computable as 
the functions which may in principle be computed by a real physical system” [79]. 

Deutsch then states, “I can now state the physical version of the Church- Turing principle: ‘Every 
finitely realizable physical system can be perfectly simulated by a universal model computing machine 
operating by finite means’. This formulation is both better defined and more physical than Turing’s 
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own way of expressing it, because it refers exclusively to objective concepts such as ‘measurement’, 
‘preparation’ and ‘physical system’, which are already present in measurement theory.” [79]. And 
further: 

 
Every existing general model of computation is effectively classical. That is, a full specification of its state at any instant 
is equivalent to the specification of a set of numbers, all of which are in principle measurable. Yet according to quantum 
theory there exist no physical systems with this property. The fact that classical physics and the classical universal Turing 
machine do not obey the Church-Turing principle in the strong physical form is one motivation for seeking a truly quantum 
model. The more urgent motivation is, of course, that classical physics is false. Benioff (1982) has constructed a model 
for computation within quantum kinematics and dynamics, but it is still effectively classical in the above sense. It is 
constructed so that at the end of each elementary computational step, no characteristically quantum property of the model 
- interference, non-separability, or indeterminism - can be detected. Its computations can be perfectly simulated by a Turing 
machine [79]. 

 
The Church-Turing thesis generally defines an ‘algorithm’ as a description of a calculation that 

needs to be realized physically; thus, the device executing the calculation has to be considered a physical 
system also. In this regard a calculation is defined as the execution of a physical process, where the 
result is provided by the observation of the process. Underlying the Church-Turing hypothesis there is 
an implicit physical assertion, which as Deutsch states: 

 
“is presented explicitly as a physical principle: ‘every finitely realizable physical system can be perfectly simulated by a 
universal model computing machine operating by finite means’. Classical physics and the universal Turing machine, 
because the former is continuous and the latter discrete, do not obey the principle, at least in the strong form above. A class 
of model computing machines that is the quantum generalization of the class of Turing machines is described, and it is 
shown that quantum theory and the ‘universal quantum computer’ are compatible with the principle. Computing machines 
resembling the universal quantum computer could, in principle, be built and would have many remarkable properties not 
reproducible by any Turing machine. [79]. 

 
This includes ‘quantum parallelism’, whereby certain probabilistic tasks can be performed faster by 

a UQC than by any classical restriction of it. “The intuitive explanation of these properties places an 
intolerable strain on all interpretations of quantum theory other than Everett’s” [79]. 
 
1.4.2. The Church-Turing-Deutsch Thesis 
 
The idea of the Turing machine dates back to the year 1936. At this time, the physical world seemed to 
be dominated by mechanical forces; correspondingly, the definition of a Turing machine is based on 
the ideas of classical mechanics. And though the physical realization of a Turing machine, the digital 
computer, actually uses quantum mechanics, its construction principles aims at the suppression of any 
effect associated with the quantum world. With ever-tighter package density, however, this is not 
achievable anymore in a perfect way. The effects of quantum theory may begin to have an influence on 
the outcome of the calculation. 

Consequently, it seems to be questionable whether the Turing machine provides a ‘natural’ model 
of computation. Searching for alternatives and taking the quantum nature of the world into 
consideration, Feynman had the idea of quantum computation in 1982. As a model executing such a 
quantum computation, he proposed the quantum Turing machine as quantum theoretical analogon to 
the Turing machine. Similar ideas were developed independently by Manin [80]. Accordingly, David 
Deutsch famously generalized the Church-Turing thesis to the Church-Turing-Deutsch thesis in 1985, 
which states that every computation, which can be realized physically, can be executed using a quantum 
Turing machine [81, 82]. 

 
1.4.3. Perspicacious Perspicacity – Who Has it? Where can I get Some? 
 
I remember when I was about 12 years old and my father would take the old fashioned steam 
locomotives from West Medford, MA to Boston to work. That railroad company had kept a few steam 
locomotives about a decade longer than any others in the country. The last age of discovery occurred at 
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the beginning of the 20th century; this next one will pale all others in the history of human consciousness. 
A big part of me wishes I wasn’t with the utmost alacrity, becoming a codger and could transfer my 
mind to an android for a couple hundred years; Yea, I mean ‘where’s my flying car’, less than a decade 
ago it took four guys to barely be able to move a 50-inch TV out the door, now they can be carried with 
one arm, and paper thin, roll up into a tube, wallpaper TVs are coming out the door. The toys UCQ will 
provide are not unimaginable; I want some. Let’s  
get with the program… 
 

 
 

Fig. 1.23. Kepler’s Mysterium Cosmographicum Platonic solid solar system model [83].  
 

We offer Kepler’s Mysterium Cosmographicum Platonic solid as a metaphor suggesting the 
additional hidden semi-quantum dimensionality for UFM required to represent QC operations in a 
physically real manner. It is important to realize, that just as the Earth was found not to be the center of 
the universe, as difficult as it may seem at the moment; Euclidean 3-space can no longer be considered 
the sole basis of observation.  

For that important reason we repeat Feynman’s message quoted at the beginning of this chapter: 
 
“… Trying to find a computer simulation of physics, seems … an excellent program to follow … I’m not happy with all 
the analyses that go with just the classical theory, because nature isn’t classical, … and if you want to make a simulation 
of nature, you’d better make it quantum mechanical …”, R. Feynman [1]. 

 
Thirty-four years have passed. I take liberty to impress upon you the necessity for updating Feynman: 
 
       I’m not happy with all the analyses that go with just classical and quantum theory, because nature isn’t classical or 

quantum, … if you want to make a simulation of nature, you’d better make it unified field mechanical, R.L. Amoroso. 
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PART 2  
Cornucopia of Quantum Logic Gates 
 
A logic gate is the elementary building block of a computing circuit or algorithm practically applying 
the concept of binary Boolean bits to circuits using combinational logic. Logic gates are of recent origin. 
From the time that Leibniz refined binary numbers and showed that mathematics and logic could be 
combined in 1705, it took well over a hundred years before Babbage devised geared mechanical logic 
gates in 1837 for use in his proposed Analytical Engine. Another sixty years passed before the first 
electronic relays appeared in the late 1890s. Then it wasn’t until the 1940s that the first working 
computer was built. Now, with the arrival of quantum logic gates the evolution continues; and universal 
quantum computers (UQC) wait in the wings while finishing the absorption of required remaining 
discovery in physics. 
 
 
2.1 Fundamental Properties of Gate Operations 

  
Linear algebra concerns vector spaces and linear mappings between such spaces. The 3D Euclidean 

space 3 is a vector space, where lines and planes passing through the origin are vector subspaces 

in 3 . The most important space in basic linear algebra is n , a Euclidean space in n dimensions 
where a typical element is an n-element vector of real numbers. The space of infinite-dimensional 

vectors defines the Hilbert space, 2( )  . Such a Hilbert space, H is a vector space endowed with an 

inner or dot product, x  and associated norm and metric, x y  such that every Cauchy sequence 

(converges to a limit) in n  making n  a Hilbert space. Complex Hilbert spaces are used to represent 
the pure states of a quantum mechanical system utilizing unit vectors, called state vectors. 
 

What is the difference between classical and quantum information? As shown in the matrices below, 
the classical bit is described by two nonnegative real numbers for probabilities P(0) = 1/3 and P(1) = 
2/3. In contrast the quantum bit has two complex amplitudes giving the same probabilities by taking the 
square of the absolute value.  

   

                    
1 / 3 1 / 3

Classical bit: Qubit 
2 / 3 1 / 3i

  
  
    

         (2.1) 

 
A quantum system described like this with nonzero amplitudes is said to be in a superposition of the 0 
and 1 configurations. 

The basis of all computing is the logic gate [1]. A quantum logic gate is most often represented by 
a matrix. For example, a gate acting on n qubits takes the form of a 2 2n n  unitary matrix. The number 
of qubits input and the number of qubits output from any gate must be equal. The operation of the gate 
is determined by multiplying the gate’s unitary matrix by the vector representation of the quantum state. 
For example, the vector representation of a solitary qubit and of two qubits is represented respectively 
as: 

 

00

0 01
0 1 00 01 10 11

1 10

11

0 1 , 00 01 10 11 .

v

v v
v v v v v v

v v

v

 
             
 
 

          (2.2) 
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For the 2-qubit state ab , a represents the value of the 1st qubit and b represents the 2nd qubit. 

A single qubit wave function takes the form 0 10 1      such that 
2 2

0 1 1   ; with 

this as the case observation gives a result of either a 0 or a 1 with a probability for 0 as 
2

0  and the 

probability for observing a 1 is 
2

1 .  

 
 

2.2 Unitary Operators as Quantum Gates 
 
The state of a quantum computer is described by a state vector, Ψ which is a complex linear 
superposition of all binary states of the qubits {0,1}:nx    
 

2

1
{0,1}

( ) ,..., , 1.
n

n

x n x
xx

t x x 


                (2.3) 

 

The state’s evolution in time, t is described by a unitary operator, U on the same vector space, meaning 
any linear transformation is bijective and length-preserving. This unitary evolution on a normalized 
state vector is known to be the correct physical description of an isolated system evolving in time 
according to the laws of quantum mechanics [2-5]. Quantum physics is reversible because the reverse-
time evolution specified by the unitary operator, 1 †U U   always exists; as a consequence, reversible 
computation could be executed within a quantum-mechanical system. 

Quantum physics postulates that quantum evolution is unitary (reversible); i.e., if we have an 

arbitrary quantum system, U taking an input state,   that outputs a different state, U  , then we 

describe U as a unitary linear transformation, defined as follows. If U is any linear transformation, the 
adjoint (functions related by transposition) of U, denoted †U , is defined in the relation 

   †, , .Uv w v U w
   

 In a basis, †U  is the conjugate transposition of U; for example, 
 

         † .
a b a c

U U
c d b d

   
     
   

      (2.4) 

 

By definition U is unitary if † 1U U  . Thus, rotations and reflections are unitary. Also, the 
composition of two unitary transformations is also unitary, and for a unitary transformation U, the rows 
and columns also form an orthonormal basis [6]. 

 Evolution of the state,   of a quantum system in time, t is a unitary transform, Û  . 

Temporal evolution of a quantum system is linear because it does not depend on the state,  . For 

example, any linear combination in t of state,  and  has the same operator   

 

   ˆ ˆ ˆ .U U U                      (2.5) 

 
Unitary operators conform to the Schrödinger equation 
 

 ˆd H t
i

dt

 
 


                 (2.6) 

 

with    †ˆ ˆH t H t  the system’s Hamiltonian. 
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The general Hamiltonian for a spin-1/2 system is Ĥ   ˆ ˆ ˆbX cY dZ   0
ˆE n  

 with 

 2 2 2
0 , , ,x y zE b c d n n n n    

  0 0 0/ , / , / ,b E c E d E 2 2 2 1x y zn n n    and  ˆ ˆ ˆ ˆ, , .X Y Z 


 

Thus the unitary is  
 

0 0
ˆ

ˆˆexp cos sin .
E t E tiHt

I i n 
                   

 
  

               (2.7) 

 
This is a rotation about the n


 axis in the Bloch sphere representation with a rotation rate of 0 /E  . For 

spin-1/2 this is the most general unitary transform [6].  
Assuming we can turn the Hamiltonian off and on, the state can be rotated by a specific angle; again 

for spin-1/2 a unitary transform takes the form,       ˆˆ ˆcos / 2 sin / 2 .U I i n     
 

 It is 

important to realize that any product of unitary operators is also unitary [7] 
 

   †
† † † †ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆU U V V I UV UV V U UV I             (2.8) 

 
The Copenhagen Interpretation’s restriction of time evolution to unitary operators suggests that 

certain kinds of evolution are deemed impossible. Two such operations are the quantum no-cloning and  
non-erasure theorems [8-15]. In ensuing chapters, we intend to show that this is a condition of the 4D 
standard model Copenhagen Interpretation up to the ‘semi-quantum limit’ and is no longer the case for 
UFM topology. 

 
2.3 Some Fundamental Quantum Gates 
 

Unitary transformations, or quantum gates can be built from sets of unitaries, Û . The simplest spin-1/2 

quantum system, the qubit, has two quantum states with the basis 0 , 1 .Z Z     Some 

examples of simple single and 2-qubit unitary transforms, or ‘quantum gates’ follow:  
 
• The Hadamard Gate:  
 
The Hadamard transform, known as the Hadamard gate in quantum computing is an example of a 
generalized class of Fourier transforms. It is able to perform orthogonal, symmetric, involute and linear 
operations. The Hadamard gate acts on a single qubit. It maps the basis state 0 to

0 1 2   and 1  to 0 1 2  representing a rotation of   about the axis ˆ ˆ( ) / 2x z . This 

is equivalent to the combination of the two rotations, / 2  about the y-axis followed by   about the 
x-axis. The Hadamard gate is represented by the Hadamard matrix which is a square matrix with 
mutually orthogonal rows with entries of 1 . 
 
 

1 11

1 12
H

 
   

.                                     (2.9) 

 
 

Since *HH I  and I is an identity matrix, H is a unitary matrix. The Hadamard gate operates as a 
reflection around π/8, or as a π/4 rotation followed by a reflection. Notice that † 2and 1H H H   
because H is real and symmetric.  
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1 1
1 11 2 2
1 1 1 12

2 2

H H

 
               

        (2.10)  

 
The circuit representation of Hadamard gate is 
   
 

       . 
 

• The Phase Shift Gate: 
 

Phase Shift gates are a family of single qubit gates that leave basis state 0 unchanged and map 1  to 

1ie  . The Phase Shift Gate 2  2 matrix and symbol are: 
 

1 0
with symbol

0 iR R
e 

 
   
 

 

 

The phase shift gate is a generalization of an infinity of gates. The Pauli-Z gate, Phase shift gate, and 
/ 8  gates are all special cases of the phase shift gate for specific values of  (the phase shift). 

 
• The Swap Gate: 
 

The Swap Gate swaps two qubits in terms of the basis 00 , 01 ,  10 , 11 and is represented by the 

matrix: 
 

        
 
 
• The Pauli X (NOT) Gate: 
 
The Pauli-X gate acts on a single qubit. It is the quantum equivalent of a classical NOT gate (with 

respect to the standard basis 1 , 0 , which privileges the Z-direction). It equates to a rotation of 

the Bloch Sphere around the X-axis by   radians; and maps 0  to 1  and 1   to 0 . Due to this 

operation, it is sometimes called the bit-flip gate. It is represented by the Pauli matrix: 
 

   
0 1

1 0
X

 
   

 
   

• The Pauli Y Gate: 
 
The Pauli-Y gate acts on a single qubit. It equates to a rotation around the Y-axis of the Bloch Sphere 

by   radians. It maps 0 to  1i  and 1  to 0i . It is represented by the Pauli Y matrix: 
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0

0

i
Y

i

 
   

 
 

 
• The Pauli Z Gate: 
 
The Pauli-Z gate acts on a single qubit. It produces a rotation around the Z-axis of the Bloch Sphere by 

   radians. Thus, it is a special case of a phase shift gate with   . It leaves the basis state, 0  

unchanged and maps 1  to 1 . Due to this nature, it is sometimes called the phase-flip gate. It is 

represented by the Pauli Z matrix: 
 

      
1 0

0 1
Z

 
    

 

 
• The CNOT (Controlled NOT) Gate: 
  
Controlled gates act on 2 or more qubits, with one or more qubits acting as a control for a specific 
operation. For example, a CNOT Gate acts on 2 qubits, and performs the NOT operation on the second 
qubit. The first bit of a CNOT gate is the ‘control bit’; the second is the ‘target bit’. The control bit 
never changes, while the target bit flips if and only if the control bit is 1. Here is the matrix 
representation of CNOT, and its operation upon a general 2-qubit state column vector: 
  

1 0 0 0

0 1 0 0
CNOT

0 0 0 1

0 0 1 0

 
 
 
 
 
 

 

 
1 0 0 0

0 1 0 0
CNOT

0 0 0 1

0 0 1 0

 
 
 
 

     
     
       
     
     
     

 

 
The CNOT gate is usually depicted as follows, with the control bit on top 
  

 
and the target bit on the bottom.  
 When unitary gates are combined they form a quantum circuit; the example below uses three CNOT 
gates to swap the 1st and 2nd qubits.  
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CNOT CNOT

CNOT CNOT

ˆ ˆ00 00 , 01 01 ,

ˆ ˆ10 11 , 11 10 .

U U

U U

 

 
       (2.11) 

 

This has two inputs and two outputs. The first input is passed through unchanged to the corresponding 
output. When this first input is 0, the second input is also passed through unchanged to its corresponding 
output. But when the first input is 1, the second input gets inverted as through an X gate.  
 
• The Toffoli Gate: 
 
Introduction of an additional control line to the CNOT gate results in the CCNOT gate (controlled-
controlled NOT) which is also called the Toffoli gate. The Toffoli Gate is a 3-bit controlled gate also 
called the CCNOT gate which is universal for classical computing. The quantum Toffoli gate is the 
same gate defined instead for 3 qubits; but this gate is not universal for quantum Computing.  

The Toffoli gate is depicted as follows: 
 

          
 

If the first two bits are in the state 1 , a Pauli-X is applied on the 3rd bit, otherwise it does nothing. Its 

permutation matrix is: 
 

                                    
 

Essentially, the Toffoli gate reverses the bottom qubit if the top two qubits are 1, otherwise it leaves 
the qubit the same. This lets us simulate the classical AND gate if we initialize the bottom qubit in state

0 , then we know it is in state 1  if and only if both top qubits are in state 1 , thus the bottom qubit 

is essentially the output of an AND operation. 
Any reversible gate can be implemented on a quantum computer, thus the Toffoli gate is a quantum 

operator. However, the Toffoli gate cannot be used by itself for UQC, it has to be implemented along 
with some inherently quantum gate(s) in order to be universal for quantum computation. Any single-
qubit gate with real coefficients that can create a nontrivial quantum state suffices [6]. Recently 
a quantum mechanical Toffoli gate has been realized [16,17]. 
 
• The Fredkin Gate: 
 
The Fredkin Gate, also called the CSWAP gate, is logic gate combining the logic of the SWAP and 
CNOT gates, is a universal reversible 3-bit gate that by performing a controlled-swap operation, swaps 
the last two bits if the first bit is 1. The Fredkin gate is universal for classical computation. As with the 
Toffoli gate it has the useful property that the number of 0s and 1s are conserved throughout operation, 
which in the billiard ball model means that the same number of balls are output as input. 
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• The Controlled U Gate: 
 
The Controlled-U Gate is a gate that operates on two qubits in such a way that the 1st qubit serves as a 
control. It maps the basis states as: 
 

 
 

 
 

 

 ,        
 

• The Rotation Gate:  
 
This gate rotates the plane by θ:   
 

                                
cos sin

sin cosRU
 
 

 
  
 

                                       (2.12) 

 

 
 

Fig. 2.1 The rotation gate showing axis of rotation. 
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2.4 Properties of the Hadamard Gate 
 

The Hadamard Gate is an important special transform that maps qubit basis states 0  and 1 to two 

superposition states with a 50/50 weight of the computational basis states 0  and 1 : 

 
1 1 1 1

 0 0 1 ;  1 0 1
2 2 2 2

H H             (2.13) 

 
This is the reason the Hadamard Gate is often used in the first steps of quantum algorithms to test all 
possible parallel input values. 
 

1 1

2 2
1 1

2 2

H

 
 
   
   

;    
0 1 0 1

0 ; 1
2 2

H H
 

   

 

The Hadamard operator is also hermitian and unitary, being its own inverse,  , (0)U H t  , where 

U(H,t) is a unitary operator called the propagator. The propagator gives the probability amplitude for a 
particle to travel from one point to another in a given time, t, or to travel with a certain energy and 
momentum.  

 
Fig. 2.2. Hadamard gate shown as Ry, Rz state rotations on the Bloch plane. 

 
1 1 01

( / 2) ( ) , ( / 2) , ( )  (2.14)
1 1 02

y z y z

i
R R iH R R iZ

i
   

    
        

   
 

 

 
 

Fig. 2.3. Hadamard Bloch sphere rotation. 
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2.5 Rotation Gate Quantum Multiplexer 
 
Finally, we give a brief review of recent work by Abdollahi and colleagues on their proposed multiple-
control Toffoli gates for a quantum multiplexer [18]. The approach explores the synthesis of reversible 
functions by gates other than generalized Toffoli and Fredkin gates. They show that applying the 
proposed approach improves circuit size for multiple-control Toffoli gates from exponential in [19] to 
polynomial and circuit size for quantum multiplexers [19,20]. 

 The   rotation gate  0 2    around the x,y,z axes acting on a single qubit is defined as 

 

  2 2

2 2

cos sin
,

sin cosx

i
R

i

 

 


 
   

     2 2

2 2

cos sin
,

sin cosyR
 

 


 
  
 

    

(2.14) 

  2

2

0

0

i

z i

e
R

e






 
  
 

. 

 

 In review, the single qubit NOT gate,  
0 1

,
1 0

X
 

  
 

 the (controlled NOT), 

1 0 0 0

0 1 0 0
CNOT

0 0 0 1

0 0 1 0

 
 
 
 
 
 

, acting on two qubits (control and target) and the Hadamard gate,  

 
1 11

1 12
H

 
   

are represented. A unitary matrix, U implemented by several gates acting on several  

 
qubits can be calculated by the tensor products of their matrices; and two or more q-gates can be 
cascaded to form a quantum circuit. For a set of k gates, g1, g2, … , gk  cascaded in a q-circuit, C 
sequentially, the matrix of C can be calculated as MkMk-1 … M1 where Mi is the matrix of the ith gate 

 1 .i k   For a quantum circuit with unitary matrix, U and input vector, 1  the output vector is, 

2 1U  [18]. 

 

 
 

Fig. 2.4. a) CNOT gate, b) Toffoli gate. 
 

 Given any unitary, U over m qubits 1 2 ... ,mx x x  a Controlled-U gate with k control qubits 

1 2... ky y y  can be defined as an (m + k)-qubit gate that applies U on 1 2 ... mx x x if 

1 2... 11 ... 1 .ky y y   For example, CNOT is the controlled-NOT with a single control, the Toffoli 
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gate is a NOT gate with two controls, and ( )xCR   is an ( )xR   gate with a single control. Likewise, a 

multi-control Toffoli gate CkNOT is a NOT gate with k controls as shown below [17,18]. 
  

 
 

Fig. 2.5.  c) Decomposition of a Toffoli gate into 2-qubit gates where V = (1 - i) (I + iX)/2. Redrawn from [16]. 
 
 

 
 
 

 
 
Fig. 2.6. New definitions for CNOT (a) and Toffoli (b) gates using controlled rotation gates. Decomposition of a Toffoli gate 
into five 2-qubit controlled-rotation gates (c). Redrawn from [16]. 
 
 Under these parameters Boolean functions can be automatically synthesized by using rotations and 

controlled-  xR   rotation gates around the x axis  [18], which changes the basis states to  0̂ 1 0
T

  

and  ˆ ˆ1 0xR     0 .
T

i  The superscript, T stands for the conjugate transpose matrix of a vector 

provided the bases are orthonormal. By this basis definition of 0̂  and 1̂ , the basis states remain 

orthogonal and inversion (NOT gate) from one basis state to the other is easily obtained by a  xR   

rotation gate. This means that the CNOT gate can be described using the  xCR  operator shown in 

the figure. Additionally, the Toffoli gate can be described by the  2
xC R  operator also illustrated in 

the figure. Finally, recall that a 3-qubit Toffoli gate needs five 2-qubit gates if 0  and 1  are used as 

the basis states [19]. 
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PART 3 
Surmounting Uncertainty Supervening Decoherence 
 
Eliminating ensemble decoherence time and uncertainty in the operation and measurement process of 
Quantum Information Processing (QIP) systems are remaining problems considered to be of paramount 
importance in the task of implementing viable bulk scalable Universal Quantum Computing (UQC). 
Most teams currently attempt to supervene decoherence by utilizing multimillion dollar room sized 
cryogenic apparatus. If our model is correct, it will allow tabletop room temperature UQC. We 
theoretically illustrate (in a manner empirically testable) that these conditions essentially become 
irrelevant in terms of the radical new Unified Field Mechanical (UFM) approach to QIP introduced 
here. It should be noted that the recent relativistic restrictions the QC research community has imposed 
on QIP point the way to our model. The additional degrees of freedom obtained by leaving the 3D realm 
of Euclidean space associated with Newtonian Classical Mechanics and entering the 4D domain of 
Minkowski 4-space had a profound effect on physics during the last century. Now as we enter a 12D 
M-Theoretic (String Theory) dual Calabi-Yau mirror symmetric 3-torus 3rd regime associated with 
UFM, more surprises like the ability to surmount the quantum uncertainty principle are proffered. In 
this chapter we review a UFM protocol for allowing uncertainty and decoherence to be routinely 
surmounted and supervened respectively, 100% of the time with probability, 1P  . We begin with a 
discussion of Interaction-Free Measurement (IFM), an interesting 4D precursor providing another 
indicium of the 12D brane topology model introduced here. IFM is a novel quantum mechanical 
procedure for detecting the state of an object without an interaction occurring with the measuring 
device. What we propose is a radical extension of the various experimental protocols spawned by the 
recent Elitzur-Vaidman IFM thought experiment. 
 
3.1 Phenomenology Versus Ontology 
 
The highly speculative, at time of writing, UFM alternative to IFM protocols, is a single pass ontological 
method for surmounting uncertainty, without (phenomenological) quantal field interaction or collapse 
of the wave function. Surmounting the Quantum Uncertainty Principle with probability, P 1  is 
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achieved through utility of the additional degrees of freedom inherent in a new cyclic interpretation of 
the Calabi-Yau mirror symmetric SUSY regime of string/brane theory. Just as the UV catastrophe 
provided a clue for the immanent transition from Classical to Quantum Mechanics, duality in the Turing 
Paradox (quantum Zeno Effect where an unstable particle observed continuously will never decay), 
suggests another imminent new horizon in our understanding of reality.  

IFM as mentioned provides an intermediate indicator of this developing scenario. The quantum Zeno 
paradox experimentally implemented in IFM protocols hints at the duality between the regular 
phenomenological quantum theory and a completed unified or ontological model beyond the usual 4D 
Gauge formalism of the standard Copenhagen interpretation. Utilizing extended theoretical elements 
associated with a new formulation for the topological transformation of a ‘cosmological least unit’ 
(LCU), a putative empirical protocol for producing IFM with probability, P 1  is introduced in a 
manner representing a direct causal violation or absolute surmounting of the putatively inviolate 
quantum Uncertainty Principle imposed by 4D Copenhagen restrictions. 

In the 1970’s the concept of quantum non-demolition (QND) [1] arose as a process for performing 
very sensitive measurements without disturbing an extremely weak signal which led to the Weber 
approach for gravitational interferometry. But there was a trade-off between the accuracy of a QND 
measurement and its inevitable back-action on the conjugate observable to that being measured. 
Recently myriad new terms have been introduced for programs exploring manipulation of the quantum 
uncertainty principle [2,3] for non-collapse of the wave function: Negative Result Measurement (NRM) 
[4], Quantum Non-Demolition (QND) [3,5,6], Interaction Free Measurement (IFM) [7-15], Quantum 
Zeno Effect (QZE) [16-19], Bang-Bang Decoupling (BBD) [20], Quantum Error Correction (QEC) 
[21], Quantum Interrogation Measurement (QIM) [22,23], Counter Factual Computing (CFC) [24,25], 
Absorption-Free Measurement (AFM) [26,27], Quantum Seeing in the Dark (QSD) [28], Quantum 
Erasure Experiment (QEE) [29,30], Interaction Free Imaging (IFI) [31] and the Bomb Testing 
Experiment (BTE) [7]. 
 By definition an interaction (phenomenological) is any action, generally a force, mediated by an 
exchange particle for a field such as the photon in electromagnetic field interactions. This physical 
concept of a fundamental interaction regards phenomenological properties of matter (Fermions) 
mediated by the exchange of an energy/momentum field (Bosons) as described by the Galilean, or 
Lorentz-Poincairé groups of transformations. “There has been some controversy and misunderstanding 
of the IFM system concerning what is meant by ‘interaction’ in the context of ‘interaction-free’ 
measurements. In particular, we stress that there must be a coupling (interaction) term in any 
Hamiltonian description.” [32].  
 This is the distinction we are talking about. The Hamiltonian, H is generally used to express a 
systems energy in terms of momentum and position coordinates based on forces. While it might bring 
abject clarity to differentiate the differences between our model and the usual framework of 
Hamiltonian Mechanics; to do so is beyond the scope of this volume and will be addressed in detail 
elsewhere. Here we wish to introduce a new ontological type of homeomorphic transformation without 
the phenomenology of an exchange particle mediated by an ontological interactionless or ‘energyless’ 
topological switching process based on the concept of ‘topological charge’ in M-Theoretic brane 
configurations [33].  
 As indelibly ingrained in the current mindset; it is impossible by definition to violate the uncertainty 
principle, / 2xx p     or / 2xE t     within the framework of Copenhagen phenomenology arising 

from operation of a ‘Heisenberg Microscope’. This is a fundamental empirical fact demonstrated by the 
Stern-Gerlach experiment where space quantization is produced arbitrarily along the z axis by 
continuous application of a non-uniform magnetic field to an atomic spin structure [34], or as 
demonstrated by Young’s double-slit experiment [35] for example. Recent work stemming from the 
Elitzur-Vaidman bomb-test thought experiment [7] has begun to change the interpretation of this 
‘immutable law’! The Elitzur-Vaidman bomb-test experiment was first demonstrated experimentally in 
1994 [36] using a Mach-Zehnder interferometer (Fig. 3.1); and soon led to two main procedures for 
improving probability outcomes:  
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 1) Multiple recycled Measurements and  
 2) Multiple array of Interferometers.  
 
 The Mach-Zehnder interferometer [37] works by using pairs of correlated photons produced by 
spontaneous parametric down-conversion from a molecular crystal such as LiIO3. Initially in the first 
experiments for a 50-50 beam splitter with a 1-time measurement cycle, the IFM probability was 25% 
according to the formula in Eq. (3.1) [36]; but for repeated measurements and/or various forms of 
multiple interferometers it was found IFM probability could be arbitrarily increased toward unity as in 
Fig. 3.2. 
 

              
( 2)

( 2) ( )

P Det

P Det P Bomb
 


      (3.1) 

 

 
 
Fig. 3.1 General form of a Mach-Zehnder interferometer used to determine the phaseshift caused by placing a sample in the 
path of one of two collimated laser beams. A is the beam source, B the sample and C & D the detectors. Note the two types of 
mirrors utilized. 
 
 The probability for the IFM model was suggested to occur in powers of / 2N  by 

2 2[1 1/ 2( / 2 ) ...] N
IFMP N    where N is the number of beam splitters in the Max-Zehnder 

interferometer. In his seminal paper (A thought experiment) Elitzur suggested a maximum IFM of 50%. 
Thereafter Kwiat’s team developed a method to improve the model to 80% with 

2 21 ( / 4 ) (1/ )QSDP N O N    where in this case N is the number of photon cycles through the 

apparatus [36]. In regards to the Elitzur and Vaidmann consideration that their model could be explained 
by the ‘Many-Worlds’ interpretation Cramer proposed, “they suggest that the information indicating 
the presence of the opaque object can be considered to come from an interaction that occurs in a 
separate Everett-Wheeler universe and to be transferred to our universe through the absence of 
interference” [38]. 
 In terms of creative processes in the history of scientific progress, it is profoundly interesting to note 
that Cramer’s suggestion, ‘the idea of a Many-Worlds interpretation to explain how IFM works’, is an 
LD shadow the new HD UFM model! In the UFM model of LSXD Calabi-Yau mirror symmetry the 
supposition is that the 4D Cavity-QED ‘particle in a box’ state has conformal scale-invariant 
Supersymmetric (SUSY) ‘mirror copies’ inherent in the HD Calabi-Yau brane topology [39,40]. Thus 
if the experimental protocol proposed here is successful it will demonstrate that the IFM model is not 
suggestive of a reality with ‘many parallel worlds’ but provides instead indicia of Calabi-Yau mirror 
symmetric topological ‘copies’ extending ‘our’ reality beyond the veil of stochastic spacetime [40] to a 
3rd UFM regime with LSXD; and that these extra degrees of freedom, when properly accessed, allow 
the uncertainty principle to be surmounted in one pass with probability, 1P  .   
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Fig. 3.2 IFM probability as shown to be arbitrarily increased toward unity by repeated measurements. Figure adapted from 
[36].  
 
 In this chapter a putative protocol is delineated, not for another sophisticated improvement of the 
varied stepwise degrees of violating the uncertainty relation by the several IFM protocols; but for 
completely surmounting the uncertainty relation directly, in a straight forward manner, for any and 
every singular resonant action, with probability, 1P  . As stated in an unexpected way our model has 
similarities to IFM/QSD, but instead uses extended quantum theory and newly developing UFM theory 
[40] to fully complete the task of uncertainty violation. The HD regime of the unified protocol is like a 
complete IFM fun house ‘hall of mirrors’ where the whole battery of interferometers and multiple 
cycling routines is inherent in the HD mirror symmetric brane regime, such that only one ‘ontological 
measurement’ is required to obtain probability, 1P  . We emphasize that the methodology of this new 
empirical protocol is completely ontological (rather than usual phenomenological field couplings 
mediated by energy exchange quanta) with action in the HD SUSY regime in causal violation of the 4D 
Copenhagen phenomenology, not in an Everett ‘many-worlds’ sense [41], but in a manner that extends 
to completion the de Broglie-Bohm-Vigier causal interpretation of quantum theory [42] with a so-called 
‘super-quantum potential’, the ontological ‘force of coherence’ of UFM (not a 5th force). The 
ontological basis is realized utilizing the additional degrees of freedom of a 12D version of M-Theory 
[43] along with the key supposition of conformal scale-invariance pertaining to the state of quantum 
informational SUSY brane mirror symmetric copies extended to Large-Scale Additional Dimensions 
(LSXD) [39]. 
 While considerations of the vacuum bulk are of paramount concern for string theory, much of its 
putative essential parameters used here are ignored in the avid exploration of other parameters. The P 

1  model also relies heavily on the existence of a Dirac covariant polarized vacuum [44-46]. Of 
primary concern at this point of our development is the Dirac vacuum inclusion of extended 
electromagnetic theory [47-49] which is a key element in manipulating the structural-phenomenology 
of LSXD SUSY brane topology with a spin-exchange resonant hierarchy. 
 The experimental design relies heavily on the utility of a new fundamental action principle inherent 
in the LSXD cyclical brane topology putatively driving the evolution of self-organization in spacetime 
as a complex system of cellular automata-like Least Cosmological Units (LCU) tessellating space [39]. 
Stated more directly, space, spacetime (no longer considered fundamental but emergent) and the HD 
mirror symmetric Calabi-Yau brane structure is an evolutionary form of self-organized complex system. 
 The new action principle is suggested not to be a 5th force of nature per se, but a combination of the 
four known forces as united in the unified field (not quantized). Initially this can appear confusing 
because the three known forces are phenomenological in action, i.e. mediated by the Hamiltonian for 
phenomenological energetic field exchange quanta, whereas the topological field is mediated by an 
‘ontological charge’ of the unified field. Which is therefore is energyless by definition, albeit it acts as 
a ‘force of coherence’ in conjunction with the driving of LSXD brane conformation dynamics. 
Continuous evolution of the ontology is a form of ‘becoming’ or merging of one informational aspect 
with another without the exchange of energy, as in the until now usual sense of a physical field [39].  
This key UFM aspect is difficult to comprehend at first, because it is also a challenge for us to explain.  
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 Topologically, the HD Calabi-Yau mirror symmetric copies, 4  in Fig. 3.2 are in constant motion 
[39,40]. Later we will see this inherent synchronization backbone (as called for by Feynman) is essential 
to providing a resonance hierarchy ‘beat frequency’ for surmounting uncertainty, and of paramount 
importance to QIP for bulk UQC. 
 

 
 

Fig. 3.3. Euclidean 3-space, 3  as a ‘fixed’ shadow of LSXD Calabi-Yau, L, R mirror symmetric topological brane 
(crossover) components in continuous-state cyclic evolution, with 4 complex HD dimensions suppressed for simplicity. 
 
 The field concept is a supporting paradigm of the entire edifice of modern physics; until now 
specifically for phenomenological field dynamics only. Be reminded that physically, physicists have no 
idea what a field is, we are only able to associate it with a metric and parametrize various phenomena. 
Our view of what constitutes an ontological field is radically different. We do not feel equipped to 
definitively define the distinction rigorously in this volume (as the whole nascent edifice of UFM has 
yet to even reach infancy); but realize we cannot get away with saying nothing either, (Chap. 12). We 
want to let experiment drive theory at this moment in development [39,40]. Suffice it to say the 
ontological properties of the dynamics inherent in the HD unified field theoretic topological brane world 
do not transfer energy, and the ‘exchange’ of information also does not occur in time; further hinting at 
bringing into question the historically fundamental basis of ‘locality and unitarity’. The best metaphor 
we know for energyless ontological charge is the switching of central vertices of the ambiguous Necker 
cube when stared at (Fig. 3.4a).   

 
 
Fig. 3.4. Dimensional reduction. The suggestion is that the central translucent cube in the lower right represents a 4D CQED 
‘particle in a box’ quantum state that through conformal scale-invariance remains physically real when the metaphor is carried 
to 12D where the nilpotent space-antispace state components become like the ‘mirror image of a mirror image’ and in that 
sense is causally free of the localized, E3 quantum state, thereby open to ontological ‘energyless’ information transfer in 
violation of Copenhagen uncertainty. 
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 Regarding Fig. 3.4, there is no ‘event’ relative to the perceived switching of the vertices of the metric 
of the cube in 3D (rather suggested to occur in 4D extensions like the spherical rotation of the Dirac 
electron requiring 720o to complete). For a cellular automata-like close-packed 12D dual space 
tessellation of an array of such hyperspherical objects, (the 3D nilpotent resultant designated as quantum 
particle/states in a box) we propose that quantum entanglement occurs in a conformal scale-invariant 
LSXD brane topology with inherent cyclic mirror symmetric copies of the usually considered stationary 
3D Cavity-QED quantum ‘particle in a box’. This provides sufficient degrees of freedom for allowing 
quantum uncertainty to be surmounted, thus avoiding problems associated with decoherence times in 
QC. In this scenario quantum mechanical uncertainty is a manifold of finite radius separating two 
regimes of infinite size dimensionality - the 3(4)D Euclidean/Minkowski and a complexified mirror 
symmetric 8D LSXD M-Theoretic brane world [40].  
 The de Broglie-Bohm-Vigier Causal [42] and Cramer Transactional Interpretations [38,50] have 
generally been ignored by the physics community for various reasons; most saliently considered to add 
nothing new or are incomplete interpretations. The Quantum Potential-Pilot Wave model is extended 
to a form of ‘Super Quantum Potential’ synonymous with a putative action of the Unified Field; the 
future-past parameters of Cramer’s model [50] enhance the hierarchy of Calabi-Yau mirror symmetry 
annihilation-creation parameters. The two theories together form key pillars for an ontological basis of 
the predicted ‘Force of Coherence’ of the Unified Field which is a mandatory requirement in the new 
model for developing UQC. 
 If the metaphor in Fig. 3.4 if carried to the 5D ‘cross’ in the lower right corner would be comprised 
of 4D hypercubes instead of the 3-cubes shown in the dimensional reduction. Table 3.2 below shows 
the geometric content of spacetime carried to 12D. Our scale-invariant theory predicts that the 12D 
copy of the quantum state is causally free of the 3D shadow of this quantum state or ‘particle in a box’ 
(3D generator is a misnomer as used in terms of the usual sense of a Euclidean observer - The 3D 
quantum state or particle in a box is the resultant in terms of the 12D model of nilpotent potentia [39]). 
The task of this chapter is to elucidate the methodology for surmounting uncertainty in this LSXD 
context. The experimental apparatus, a multi-level rf-pulsed interferometer, is designed to focus/ 
mediate/manipulate this unitary field. It is going to be a severe challenge for a while longer to 
encapsulate the observer physically. The 3-space we observe is virtual; the physically real space is the 
hidden HD space [39,40]. Fortunately, we can perform our proposed experiment without getting any 
acceptance of this temporary ‘heresy’; be advised von Neumann said something similar, only now we 
are nearly able to do something about it. 
 As we hope to show the protocol relies on the symmetry conditions of new self-organized 
cosmological parameters amenable to a resonant hierarchy of coherently controlled topological 
interactions able to undergo what Toffoli calls ‘topological switching’ as the energyless basis for the 
Micromagnetics [33] of information exchange. Finally, to complete the concatenation of concepts we 
utilize theoretical modeling in conjunction with the parameters associated with a covariant polarized 
Dirac vacuum [44-46] (another heresy) as described from the context of extended electromagnetic 
theory [47-49] (more heresy). In other Chaps. we show how this model relates to an M-Theoretic dual 
form of Calabi-Yau mirror symmetry; the conceptual mantra of which is: Continuous-state, spin-
exchange, dimensional reduction, compactification process. Not a unique 4D compactification to the 
standard model as sought by string theorists, but a continuous cyclic dimensional reduction 12D
~0D symmetry exchange through pertinent aspects all five M-Theories [39,40]. 
 
 
3.2 The Turing Paradox and Quantum Zeno Effect 
 
By using the quantum Zeno effect, also known as the Turing paradox, the efficiency of an IFM can be 
made arbitrarily close to unity. 
 

“It is easy to show using standard theory that if a system starts in an eigenstate of some observable, and 
measurements are made of that observable N times a second, then, even if the state is not a stationary one, the 
probability that the system will be in the same state after, say, one second, tends to one as N tends to infinity 
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…  continual observations will prevent motion …” – A. Turing [51]. 
 

The Turing Paradox also called the Quantum Zeno Effect is a scenario where a particle observed 
continuously will never decohere; in a sense the evolution of the system is frozen by frequent 
measurement in its initial state. More technically the Quantum Zeno Effect can suppress unitary time 
evolution not only by constant measurement, but applying a series of sufficiently strong fast pulses with 
appropriate symmetry can also decouple a system from its decohering environment or other stochastic 
fields [52-60]. 
 Cramer has suggested that IFM can be interpreted by utilizing the Everett ‘Many Worlds 
Hypothesis’ to explain the subtleties of the quantum Zeno paradox [3,38]. While Cramer’s hypothesis 
is certainly logical we believe nature in higher dimensions (HD) is more surprising [39,40]. The 
Standard Model of Quantum Mechanics predicts that physical reality is influenced by events that can 
potentially happen (Heisenberg potentia) but factually do not occur. Peise [58] suggests that IFM 
exploits this counterintuitive influence to detect the presence of an object without requiring any 
interaction with it. “Here we propose and realize an IFM concept based on an unstable many-particle 
system. In our experiments, we employ an ultracold gas in an unstable spin configuration, which can 
undergo a rapid decay. The object (realized by a laser beam) prevents this decay because of the indirect 
quantum Zeno effect and thus, its presence can be detected without interacting with a single atom. 
Contrary to existing proposals, our IFM does not require single-particle sources and is only weakly 
affected by losses and decoherence. We demonstrate confidence levels of 90%, well beyond previous 
optical experiments.” [58]. 
 Our UFM model is radically different [39,40]. There is in a sense no interaction [32,39], but not in 
the sense Paise suggests. His claim is based on the usual ‘quantal or phenomenological’ form of 
interaction. But as we shall see in later chapters, there is another UFM type of ‘energyless’ ontological 
interaction or exchange of information based on ‘topological charge’ in HD brane topology [39,40] 
described by a new 3rd regime theory we call ‘Ontological-Phase Topological Field Theory’(OPTFT). 
This model arises in answer to recent forays into relativistic information processing [61-64] calling for 
an end to the historically fundamental utility of ‘locality and unitarity’ as the basis for describing the 
nature of reality [65-67]. The measurement problem is not yet solved.  

The recent introduction of relativistic parameters, including relativistic r-qubits, into quantum 
information processing has compounded the dilemma bringing up new questions in terms of Bell’s 
inequalities, the no-cloning and quantum erasure theorems. Correspondence to the epistemic view of 
the Copenhagen Interpretation versus the ontic consideration of objective realism and as merged by W. 
Zurek’s epi-ontic blend of quantum redundancy in quantum Darwinism will be discussed [68,69]. 
Finally, after making further correspondence to current thinking in terms of the dual amplituhedron we 
delve into the ontological topology of UFM requiring a new set of topological transformations beyond 
the Galilean, Lorentz-Poincairé. We hope to have taken a bold step at least philosophically correct into 
the new UFM arena.  
 
 
3.3 From the Perspective of Multiverse Cosmology 
 
Comprehending the 1P   model from the perspective of cosmology is only necessary for more fully 
understanding the context from which developing the experimental protocol arises; otherwise the reader 
may skip to the next section, especially since no one seems to understands it very well yet anyway. 
When physicists last embraced a 3D Newtonian world view about a hundred years ago, the universe 
was believed to be a predictable mechanical clockwork. Since the advent of Quantum Theory (QT) 
reality has been considered to be stochastic and statistical or uncertain with a Planck scale basement. 
Following this line of reasoning when a Theory of Everything (TOE) is realistically discovered based 
on formalizing a unified field, should some form of fundamental monism be embraced? Although the 
fermionic point-particle is considered the basic unit of physics, this concept is embedded in the global 
context of cosmology. We postulate that additional cosmology is required to understand the basis for 
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bulk Universal Quantum Computing (UQC) because cosmology ultimately speaks to the nature of 
reality and the ultimate basis for the Fermionic singularity or point particle; and we are finding out that 
using a nonphysical mathematical calculation space is not sufficient for UQC implementation. The three 
regimes stated above (classical, quantum and unified field TOE) are currently thought to have a Planck-
scale ‘basement of reality’. It remains impossible to surmount uncertainty in this context; it is 
perceived as an inadequate view requiring a reality with an open LSXD ‘continuous-state’ process 
instead of an impenetrable basement barrier [39]. Not seeing XD because they are curled up at the 
Planck scale is not the only interpretation. If the continuous-state process includes a form of ‘subtractive 
interferometry’, like discrete frames of film passing through a movie projector appearing continuous on 
the screen, additional dimensionality can be large scale. Experiments under development at CERN are 
trying to make this discovery, our proposal however, is tabletop and low energy [39,40]. 

Regarding ‘Continuous-State’: Imagine Einstein’s elevator metaphor with an observer inside in 
freefall. Next imagine an amusement park pin raster (pins as points in spacetime) with the little ball 
bouncing stochastically off the nails towards a slot at the bottom of the device. Now consider the 
observer inside the elevator to be the falling ball. But instead of the ball being drawn gravitationally 
toward a final slot at the bottom (pulled toward center of the Earth by G), imagine that the pin raster 
continuously rotates (hyperspherically) so that the ball perpetually remains at the center as if it were in 
continuous freefall. Also that the ball is not a OD vertex, but comprised of HD cyclic brane topology 
[39]; with a point in reality a dynamic transformation comprised of a Wheeler-Feynman-Cramer-like 
complementarity [50,70] of the three regimes in a background independent environment [71-74] as 
outlined in another chapter. 
 Einstein stated that ‘all of physics’ is based on measurements of duration and extension. This has 
occurred historically within the parameters of a 3D Euclidean, and in recent times, a 4D Minkowski-
Riemann energy dependent spacetime metric, 4M̂ under Gauge parameters utilizing various forms of 

the 3 4
ˆ/E M  Galilean-Lorentz-Poincairé transformations describing classical, quantum and relativistic 

conditions. These criteria are perceived herein as insufficient for UQC operations, and indeed our 
protocol for surmounting the uncertainty principle requires inclusion of another cosmological regime - 
Unified Field Mechanics (UFM) [39,40] described by a new set of 12D transformations we propose 
calling the ‘Noetic UFM Transformation’ because of its relevance to aspects of a Holographic 
Anthropic Multiverse correlated with the observer and meaning of the Greek term noetic as ‘hidden’. 
In this regard in spite of Bell’s theorem, following Einstein’s dice playing conundrum, we restate his 
complaint that quantum theory is incomplete and therefore inadequate in current form for supervening 
some quantum processes. 
 

 
 
Fig. 3.5 A way to conceptualize a transaction as a collapse,   to the 2D Euclidian plane from, in this case, an HD potentia 

of two possible orthogonal states, ,  
 mediated by the underlying nilpotent annihilation-creation process inherent in 

the Least Cosmological Units (LCU) tessellating space behind the finite radius veil of uncertainty. The LCUs are the 
gatekeepers of spontaneous symmetry breaking. The LCU array can be compared to Fig. 3.7 where a Euclidean cube emerges 
from spacetime ‘lattice gas’. (Illustrated here as a 3rd dimension with 9 others suppressed). 
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 Cramer’s transactional model of QT [50] has been ignored by the physics community for a variety 
of reasons we will not address now. Its marginalization means that it’s utility as a key foundation of 
extended UFM cosmology is not well received. Cramer based his interpretation on the Wheeler-
Feynman Absorber Theory [70]. Thus a Cramer transaction entails Wheeler-Feynman-like future-past, 
standing-wave symmetry conditions to describe a present instant which when extended to the HD SUSY 
regime readily lends itself as a foundation for Calabi-Yau mirror symmetry conditions inherent in a 
unique background independent 12D brane iteration of M-Theory [43] (derived elsewhere). Note: Some 
have criticized Cramer’s standing-wave concept as simplistic. This might of course be valid for a line 
element as a 1D string; but we feel the model when sufficiently developed for 9D hyperspherical brane 
topology as required by our model; it is sufficient as it becomes synonymous with a 6D Calabi-Yau 
Kahler manifold. In differential geometry, a Kahler manifold has three mutually compatible structures; 
a complex structure, a Riemannian structure, and a smooth symplectic differential 2-form.  

Furthermore, we suggest that the UFM 12D noetic transform adds additional de Broglie-Bohm 
piloting-super-quantum potential [39,40] parameters, suggesting a duality to the regime of quantum 
mechanics – that of the observed 4D phenomenological interaction associated with the uncertainty 
principle; and another ontological HD nilpotent ‘piloted’ regime associated with the coherent force of 
the unified field. There seems to be a ‘semi-quantum limit’ associated with a manifold of uncertainty 
(MOU) of finite radius as the lower bound with an inherent gating mechanism (uncertainty) blocking 
entry to the LSXD beyond. Experiment will settle this issue [39,40]. 

 

 
 
Fig. 3.6. Manifold of uncertainty of finite radius in the semi-quantum limit as a transition barrier between infinite dimensional 
Euclidean space and LSXD infinite dimensional UFM space. Because of Calabi-Yau dual 3-tori mirror symmetry we suspect 
it is a 5D manifold with the 6th dimension degenerate ending the domain wall. Experiment will test this limit. 
 
 As discussed in Chap. 3, reality completed by UFM, is a multi-tiered duality of a virtually static 
Euclidean subspace manifold with a dynamic HD de Broglie-Bohm piloted Cramer-like continuous-
state standing-wave cyclical evolution. Because the external world we observe is this limited virtual 
submanifold of a more complete nilpotent (sums to zero) [39] contiguous superspace, some elements 
are removed from observation by subtractive interferometry [39]. This interpretation suggests that the 
reason additional XD brane dimensionality is not observed is not because it is curled up microscopically 
at the Planck scale, but because subtractive interferometric annihilation-creation vectors of the nilpotent 
standing-wave process of the localized line element ‘erase’ the HD generators of the present moment 
keeping those parameters hidden from the observer’s view by a Heisenberg microscope because of the 
observational limit to our sensory apparatus provided by the veil of uncertainty. 
 In the standard Copenhagen Interpretation of QT an event emerges only as a result of measurement 
and objective reality is considered limited to probability. Cramer considers ‘all off diagonal elements 
of the line element physically real’ during the process of the offer-wave-confirmation-wave process 
preceding a local transaction (event) [50]. We may call the final event a resultant of the conditions of 
Heisenberg Potentia. Here we wish to consider (a more complete) reality that has remained illusory to 
the Minkowski observer hidden to the temporal observer behind the veil of the uncertainty principle. 
 Issues regarding the nature of the fundamental cosmological background continue to be debated with 
disparate views jockeying for philosophical supremacy; a scenario remaining tenable because 
experimental avenues for testing physics beyond the standard model have remained elusive. In our favor 
deeper and deeper cracks are occurring in QED violation [75]. QED is a relativistic quantum field theory 
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of electrodynamics; the most stringently tested and most accurate theory in physics specifically for 

measurements of the fine structure constant, , where 1 137.035999074(44),    from CODATA 
2010. QED violation suggests we are on the brink of falsifying quantum mechanics in 4D [39,40,75]. 
Absolute truth occurs in science when a theory becomes falsified. In this respect with the advent of 
Quantum Mechanics the Newtonian Classical world view became an 'absolute truth' in the finite domain 
it describes. UFM is presenting a similar scenario for the falsification of Quantum Mechanics. 
 Here a putative empirical protocol is devised for manipulating a HD form of the so-called covariant 
Dirac polarized vacuum (DPV) [47-49] providing a methodology for both surmounting uncertainty and 
low energy protocols for testing the dimensionality of string theory. The DPV has a sixty-year history 
in the physics literature [44-49] which has for the most part been ignored by the main stream physics 
community for a number of philosophical conflicts most notably the DPV, and its associated Extended 
Electromagnetic Theory which includes photon mass, is erroneously perceived to conflict with the 
highly successful Gauge Theory. As well-known Gauge theory is an approximation, suggesting 
additional physics. The problem of surmounting uncertainty is simplistically solved by the utility of 
additional degrees of freedom introduced by a UFM multiverse cosmology and the associated extended 
theoretical elements. We will develop salient features as we proceed. 
 
 
3.4 Micromagnetics and LSXD Topological Charge Brane Conformation 
 
An extensive body of literature exists for phenomena related to the zero-point field; but relative to 
unified theory this work is considered metaphorically descriptive only of the ‘fog over the ocean’ rather 
than the structural-phenomenology of the ocean itself. Instead a deep HD structure with a real covariant 
DPV at its foundation is utilized [44-46]. The Casimir, Zeeman, Aharanov-Bohm and Sagnac effects 
are considered evidence for a Dirac vacuum. New assumptions are made concerning the DPV relating 
to the topology of spacetime and the structure of matter cast in a 12D form of Relativistic Quantum 
Field Theory (RQFT) in the context of the Holographic Anthropic Multiverse (HAM) cosmological 
paradigm [39]. In this cosmology the observed Euclidian-Minkowski spacetime present, 3 4

ˆE M  is a 

virtual standing wave of highly ordered Wheeler-Feynman-Cramer retarded-advanced future-past 
parameters respectively [50,70]. See Figs. 3.22 & 3.23 for a graphic illustration of this paradigm. An 
essential ingredient of HAM cosmology is that a new action principle synonymous with the force of 
coherence of the unified field arises naturally and is postulated to drive self-organization and evolution 
through all levels of scale [39,40].  
 In this context an experimental design [39,40] is introduced to isolate and utilize the new UFM 
action to test empirically its putative ability to effect conformational structure of the topology of 
spacetime to surmount the usual phenomenologically based uncertainty in an ontological matter with 
probability, P 1 . Properties of the Least Cosmological Unit (LCU) is an essential key factor in the 
experimental design. 
 Unified Theory postulates that spacetime topology is ‘continuously transformed’ by the self-
organizing properties of the long-range coherence of the unified field [39,40]. In addition to 
manipulating conformational change in HD brane topology, from the experimental results we attempt 
to calculate the energy Hamiltonian required to manipulate Casimir-like boundary conformation in 
terms of the unified field equation, /NF   (simple unexpanded form - derived in Chap 3). This 

resonant coupling produced by the teleological action of the unified field driving its hierarchical self-
organization has local, nonlocal and supralocal 1(complex LSXD) parameters. The Schrödinger 
equation, extended by the addition of the de Broglie-Bohm quantum potential-pilot wave mechanism 

                                                             
1 Nonlocal, complex regime of instantaneous action at a distance; by ‘supralocal’ we mean LSXD 
aspects with additional UFM complex topological properties. It may be that nonlocal should incorporate 
what we call here supralocal UFM parameters; but a distinction needs to be made and we are not there 
yet with clarity in that decision. 
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has been used to describe an electron moving on a manifold; but this is not a sufficient extension to 
describe HD unified aspects of the continuous-state (Chap. 3) symmetry breaking of spacetime topology 
which requires further extension to include action of the unified field in additional dimensions. 
 The basic time dependent Schrödinger equation takes the form 
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where i is the square root of -1,  the reduced Planck constant, t time, r position,  ,r t the wave 

function, 2 the Laplacian operator and V(x) is the potential energy as a function of position. The 
simplest de Broglie-Bohm pilot wave addition is  
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with the quantum force potential 
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 I have not found any attempt in the literature to extend the de Broglie-Bohm pilot wave-quantum 
potential to String/M-Theory in the literature, which is one of several key criteria for developing our 
UFM model. But there is a small body of literature correlating de Broglie-Bohm with the Dirac equation 
[76]. 

The nilpotent Dirac equation is an intermediate step for our UFM needs. Following Rowlands [77], 
who firmly believes in the utility of quaternionic algebra in simplifying particle physics [78-84]. 

Rowlands claims particle physics is more easily understood if the Dirac equation is expressed 
algebraically, replacing the gamma matrices by equivalent operators from vector and quaternion algebra 
[78-84]. Unit quaternion operators (1, i, j, k) are defined according to the usual rules: 
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       (3.4) 

 
with multivariate 4-vector operators (i, i, j, k), which are isomorphic to complex quaternions or Pauli 
matrices: 
 

2 2 2i j k 1
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       (3.5) 

 
  Combination these two sets of units produces a 32-part algebra (group of order 64, with both + and 
– signs), which can be directly related to that of the five γ matrices, with mappings of the form:  
 

0  -ii; 1   ik; 2   jk; 3   kk; 5   ij.       (3.6)  
 
or, alternatively, 
 

 0  -ik; 1   ii; 2   ji; 3   ki; 5   ij.        (3.7)  
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Application directly to the conventional form of the Dirac equation,  
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we obtain:  
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Multiplying the equation from the left by j alters the algebraic representation to (3.9) and the Dirac 
equation becomes: 
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The Dirac equation allows four solutions, corresponding to the four fermion – antifermion 

combinations, with spin up and spin down, which can be arranged in a column vector, or as a Dirac 4-
spinor. Here, we identify the solutions as produced by the combinations of , (or ).E  p p  . 

Rowlands writes these terms in the form: 
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and apply a single differential operator, but it is more useful to remove the variation in the signs of E 
and p from the exponential term, by making the differential operator a 4-term row vector, which, in the 
equation, forms a scalar product with the Dirac 4- spinor. Incorporating all four terms into a single 
expression, we obtain  
 

    0i Eti i m E i i m e
t

           
rpk j k i ji p∇     (3.12) 

 
as the new version of the Dirac equation for a free particle [81]. Reducing this to the eigenvalue form, 
and multiplying out, produces the classical relativistic momentum-energy conservation equation: 
 

       2 2 2 0.E i i m E i i m E p m         p pk i j k i j         (3.13) 

 
It is significant that there are exactly four solutions to the Dirac equation. Both quaternion and 

complex operators require equal representation for + and – signs, suggesting eight possible sign 
combinations for E i i m  pk i j ; but only four of these will be independent, since the overall sign 
for the state vector is an arbitrary scalar factor. Thus, the sign of one kE, ii p or ij m must behave as if 
fixed. With only E and p terms represented in the exponent, it is evident that the fixed term is m. Four 
solutions also result from the fact that quaternionic structure of the state vector can be related to the 
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conventional 4 x 4 matrix formulation with quaternionic matrices. The conventional formulation is itself 
uniquely determined by the 4D spacetime signature of the equation, a 2nD spacetime requiring a 2n x 
2n matrix representation of the Clifford algebra [82].  

 

 
 
Fig. 3.7 HD emergence of structure from a LD lattice gas tessellation. If the central vertex of the projective cube represents a 
Euclidian point, the 12 satellite points represent HD control parameters. The triangles with obverse tails represent left-right 
raising and lowering nilpotent symmetry. 

 
In the case of quaternionic matrices, it is significant that the hidden quaternion operators i, j, k 

applied, along with 1, to the rows and columns, and also to the rows of the Dirac 4-spinor, are identical 
in meaning to the same operators applied to the terms in the nilpotent state vector, as one can be derived 
from the other.  There are good reasons for believing that the nilpotent form of the Dirac equation is the 
most fundamental. It is automatically second quantized, fulfilling all the requirements of a quantum 
field theory; it removes the infrared divergence in the fermion propagator, and the divergent loop 
calculation for the self-energy of the non-interacting fermion; and it introduces supersymmetry as a 
mathematical operation without the need for additional particles [84]. 

 
Physically, the fermion can be considered to see in the vacuum its ‘image’ or virtual antistate, producing a kind of virtual 
bosonic combination, and leading to an infinite alternating series of virtual fermions and bosons. Each real fermion state 
creates a virtual antifermion mirror image of itself in the vacuum, while each real antifermion state creates a virtual fermion 
mirror image of itself. The combined real and virtual particle creates a virtual boson state. Real fermions and real 
antifermions, of course, provide real mirror images of each other [84]. 
 
This is far as we will take the model in terms of development in this Chapter; what is needed for the 

next step is an additional space-antispace doubling, requiring a Complex Quaternion Clifford Algebra 
to describe. Compounded by development of the new UFM transformation cast in what we propose as 
an Ontological-Phase Topological Field Theory (OPTFT) going beyond the historic requirement for a 
fundamental basis of ‘locality and unitarity’ possibly utilizing an amplituhedron [65-67]. 

 

 
 

Fig. 3.8. Shadow point, x becomes unknotted (or knotted) in the continuous-state cyclic process that when various topological 
moves are performed dimensional raising and lowering may occur as part of cyclically opening and closing the algebraic 
description.  

 
 The Unified Field [40] produces periodic symmetry variations with long-range coherence that can 
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lead to a topological phase effect like a coherently controlled Ising model lattice gas rotation of the 
Riemann sphere spacetime backcloth [85] (catastrophe theory Sect. 7.5). This can be described by a 
form of double-cusp catastrophe dynamics (Fig. 3.11). 

The coupled modes of this process rely on a special form of the harmonic oscillator called the Dubois 
incursive oscillator [86-90]. There is an inherent force of coherence [39,40,91]. For example, for an 
Earth observer’s temporal perception in Euclidean 3-space, railroad tracks recede into a point at the 
horizon. For an atemporal HD observer, the tracks remain parallel. This is the cyclic action of the 
coherence force forming an exciplex-like spacetime cellular automata logic gate driving equilibrium of 
the topologically charged Casimir boundaries to parallel or degenerate modes thus giving rise to the 
possibility of effecting conformational state interactions ‘opened’ and ‘closed’ by resonant incursion 
[92]. These efforts will be clarified in Chaps. 9 & 11 on topological field theory. 
 Fig. 3.7 An attempt to illustrate an Ising model lattice gas mechanism for boosting and 
compactifying dimensionality as inherently driven by a de Broglie-Bohm super-quantum potential or 
ontological force of coherence of the unified field. We are still developing a format to clarify our 
explanation. Given that it is postulated that points in Euclidean space are knotted or braided ‘shadows’ 
of an HD topological brane structure that is continuously cycling stepwise through a L – R symmetry 
breaking compactification process; a structure of this sort applies. Relative to Figs. 3.3,3.8, there is no 
known sequence of Reidemeister moves that will untie a trefoil but moves based on Chern-Simons 
skein relations can [93]. 
 

 

   
 
Fig. 3.9. Several topological and geometric idealizations of the putative unified field equation, 

( ) /NF   describing an 

action of the unified field, a catastrophic ‘coherence effect’, on both biological and spacetime manifolds. Fig. 3.9d is a 
spacetime/brane hysteresis loop signifying the inherent energy of topological charge driving the ‘topological switching’ of 
catastrophe.   
 
 This is a boundary condition problem; here probably of the Born-von Karman type where the 
boundary conditions restrict the wave function to periodicity on a Bravais lattice of hexagonal 
symmetry, stated simply as ( )i i rr N a   , where i runs over the dimensions of the Bravais lattice, 

ia  are the lattice vectors and iN  are integers [85,91]. In this model presence of the periodic spherical 

rotation effects of the cyclical coherence-decoherence modes allow the cyclic action of the unified field. 
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This Unified Processing is governed by the fundamental equation of unitarity, ( ) /NF   (Fig. 3.9). 

Cyclotron resonance, logarithmic spiral, Kaluza-Klein or genus-1 helicoid ‘parking garage symmetry 
hierarchies (Chaps. 3,4) may be involved in maintaining piloting effects by the unified field or induce 
an electromotive ‘radiation pressure’ or topological switching coherence force that effects the topology 
of spacetime leading to conformational change in the static-dynamic [94-96] leapfrogging’ cycle of the 
topologically charged Casimir-like boundary conditions of HD Calabi-Yau mirror symmetric 
topological brane states. 

We can’t be sure yet which of the hierarchical formalisms might be the physical one until some 
empirical work is performed. Intellectually we lean toward the concept of the action of a cyclotron 
resonance hierarchy acting on the genus-1 helicoid parking garage structure (Chaps. 3,4) modulated by 
a form of Bessel function embedded in the complex quaternionic Clifford algebra under study because 
this format also seems to meld well with catastrophe theory and the future-past symmetry breaking 
parameters we postulate in to be inherent in the structural-phenomenology of UFM continuous-state 
spacetime topology. We are utilizing a complex quaternionic Clifford algebra to develop this formalism 
in order to predict the resonance hierarchy bandwidth.  
 The structural-phenomenology of atoms and molecules is full of domain walls amenable to 
description by combinations of Gauss’ and Stokes’ theorems ordered in terms of Bessel Functions 
where boundary conditions create resonant cavities built up by alternating static and dynamic Casimir-
like conditions [94-96]. As frequency increases central peaks occur with opposite or zero polarity at the 
domain edges. These properties are relevant to Ising Model [85] spin flips of the domains of the 
Riemann-Block Spheres effecting homeostatic planes of equilibrium (Fig. 3.11b). The UFM force of 
coherence can maintain equilibrium or produce catastrophes causing conformational change in the 
Casimir-like HD spacetime structures [92,97]. 
 The UF ‘Coherence Effect’ is not a 5th phenomenological force (mediated by quantal field 
exchange); but an ontological charge or ‘Force of Coherence’ of energyless Calabi-Yau mirror 
symmetric (6D dual 3-tori) brane dynamics mediated by what is called topological switching [33] as 
described by a new set of transformations beyond the Galilean-Lorentz-Poincairé we chose to call the 
Noetic Transformation in terms of the meaning of the Greek term noetic as ‘hidden’ because it is 
deemed to operate in the regime of the as yet unobserved (LSXD) higher dimensions of spacetime 
[39,40] See Chap. 8 for complete delineation of the complex quaternionic Clifford algebra used for 
developing the preliminary formalism.   
 
 
3.5 Catastrophe Theory and the M-Theoretic Formalism 
 
Regarding dynamical systems that generally operate in a framework of stability and equilibrium – 
Technically these systems have a restrictive class called gradient systems which contain singularities or 
points of extrema. Some causal action can institute a bifurcation of an extrema that can initiate a 
qualitative change in the physical state of the system.  
 Catastrophe theory2 describes the breakdown of stability of any equilibrium system causing the 
system to jump to another state as the control parameters change. The changes in the singularities 
associated with the bifurcation of extrema are called elementary catastrophes [98-100] and can be 
described by real mathematical functions  
 
 

RRf N : .          (3.15) 
 

                                                             
2 The groundwork for Catastrophe Theory began with Poincaré’s efforts in 1880 on the qualitative 
properties of solutions to differential equations; formalized in the 1950’s by R. Thom’s work mapping 
singularities in structural stability, he called catastrophes. 
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Fig. 3.10.  Fundamental minima-maxima fold point basis of catastrophe theory. 
 
The equation describing an elementary catastrophe utilizes variables representing Control and State 
parameters of the system and is a smooth real function of r and n where R represents the resultant 
singularity or catastrophe 
 

RRRf nr : .                 (3.16) 
 

 

 
 
Table 3.1 The general forms of catastrophes showing how dimensions increase as the number of control factors increase. The 
names bear some resemblance to the geometric pattern of the catastrophe. The double-cusp catastrophe is perceived as an aid 
to understanding the resonance hierarchy for surmounting uncertainty.  
 
 The r variables are the control parameters of the state variables, n. The function f is therefore an r-
parameter family of functions of n variables.  
 If we let   
 









njri xxaaf ,..;,...          (3.17) 
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be a smooth real-valued function of r + n real variables we get equation (3.17). The number of 
elementary catastrophes depends only on r and is finite for 5r  totalling eleven (Table 3.1) and 
infinite for .6r   
 

UNIFIED ACTION ON THE EQUILIBRIUM PLANE OF A DOUBLE-CUSP CATASTROPHE 
 

           
 
Fig. 3.11. The double-cusp catastrophe (DCC) illustration shows cusps at each end of the plane of equilibrium. The DCC 
occurs in 9  dimensions and thought to be the catastrophe form most compatible with UFM symmetry where the plane of 
equilibrium would be a topological manifold tiled of least cosmological units (LCU). This equilibrium manifold operates in 
conjunction with the inherent Feynman ‘synchronization backbone’ when undergoing a directed quantum computation best 
described as interactive computation.   
 
 This model can be utilized to call for a new field of vacuum engineering based on the structural-
phenomenology of the unified field and whether resultant action of the ‘force of coherence’ of the 
unified field is positive or negative. Spacetime cellular automata exhibit complex self-organization. The 
unified field is the factor driving this self-organization [39,40]; therefore, we postulate hyperincursion 
and anticipatory properties are inherent in the fundamental hierarchical basis of this self-organization 
which could be formally described by Double-Cusp Catastrophe Theory.  
 

Unit Circle and Associated Flag Manifold of Temporal Evolution for Noetic Catastrophe Cycle 
 

           
 

Fig. 3.12 a) represents a plane of the unit circle with corresponding cross sections in b: for example, shows a cusp. A single 
point in 1 grows to the ‘lips’ in 2. In 3 to 4 the original cusp 16 penetrates the mouth becoming a hyperbolic umbilic point at 
5, turning into an elliptic umbilic at 6, shrinking to a point in 9. Growing again in 10 to pierce the fold line in 11 and through 
it in 12. A ‘beak-to-beak singularity in 13 breaks in 14, collapsing to a swallowtail 15. The seven fundamental catastrophes 
contain ‘subcatastrophes according to the diagram in c. Figures adapted from [98-100]. 
 
 Fig. 3.11b (bottom) graphically illustrates the fundamental scale-invariant unified field equation 
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( ) /NF   of the ‘force of coherence’ of unified field action. Any internal or external stress or change 

in   is a nonlinear dynamic process producing stability or instability in the boundary conditions of 
; an instability in   stress   displacement   catastrophe   jump…whereas stable flux is 
homeostatic. Further regarding Fig. 3.11b the plane of equilibrium entails a form of hysteresis loop of 
the Hamiltonian generalized in Fig. 3.9d as future-past parameters of HD spacetime. The area of the 
hysteresis loop represents the energy,  of the unified force, FN effecting the stability of the catastrophe 
as applied to manipulating the process for surmounting uncertainty. 
 

TABLE 3.2 GEOMETRIC CONTENT OF 12D SPACETIME 
 

 
 

 The structural-phenomenology of Double-Cusp Catastrophe (DCC) Theory in D9  appears 
homeomorphic to the Riemannian manifold of both 10(11)D M-Theory and the 12D topological 
geometry of the mantra for the continuous-state spin-exchange dimensional reduction compactif-ication 
process inherent in the action of the corresponding scale-invariant cosmological least-unit of UFM 
superspace as cast in UFM cosmology [39,40]. In this general framework the DCC equilibrium surface 
is analyzed in terms of a hierarchy of Ising-like lattice gas jumps in state providing a framework for 
considering the least-unit tiling [101] of the Planck backcloth as a complex HD catastrophe manifold 
mediated by the force of coherence of the unified field which because of the polarized properties of the 
Dirac vacuum lends itself to empirical mediation under certain restrictions. 
 The putative significance of Table 3.2 for the application of DCC theory to the UFM formalism is 
that the structure of possible boundary conditions and the number of control points is revealed. For 
example, in this simplistic view, a 3D point in real spacetime might have 16 control photon-gravitons 
(noeons - UF exchange unit) covering it. Carrying the analogy up to the 12D brane topology of the 
Multiverse, the same 3D point might be controlled or guided by a total of 8,176 noeon units. The number 
arrived at by summing the points of D4 to D12. No point in the universe is isolated; so this metaphor 
does not include the possible power factor by associated points in both the HD and LD UFM backcloth. 
Within the inherent continuous-state dimensional reduction compactification process, the LD domain 
(dimensions less than 3) might be coupled to orders of magnitude of more photon-gravitons. This detail 
of Unified Theory has not been completely worked out yet.  

( )( ) /
NNF   

 One can say that the cosmological least-unit [101] tiling the fabric of the continuous-state virtual 
Planck-scale backcloth is a complex HD catastrophe manifold with Dirac spherical rotation symmetry 
mediated by the unitary action of the unified field. Any internal or external stress or change in energy,
 is a nonlinear dynamical process producing stability or instability in the boundary conditions of  ; 

a causal instability in   stressdisplacementcatastrophe  Ising jump…whereas stable flux 
is homeostatic. The hysteresis loop of the unified field (Fig. 3.9d) is conformally scale invariant; the 
same processes occur in UFM cosmology and domains of the chemistry of living systems. The area 
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represents the energy of the string tension, T0. This energy,
( )N

 is measured in a unit similar to the 

Einstein in photometry, the fundamental physical quantity defined as a ‘mole’-Avogadro’s number 
23(6.02 10 )  of bosons, defined here as noeons, the exchange unit of the unitary field. 

 Equation (3.18) describes the equilibrium surface of the DCC [98-100] as modeled in (Fig. 3.11); 
where QB  is the state variable and d  and d  are the control parameters. 

 
                0)()( 3  ddQBQB         (3.18) 

 
The position of the two cusps is found at 0d  and 0d . At any moment temporal permutations 

of the unified field catastrophe cycle evolve in time from future to past and higher to lower dimensions 
in the same manner as the spacetime present of the cosmological least-unit of UFM cosmology for the 

spatial domains: 12 ...R   4 3 2 1 0R R R R R    ; followed by a Riemann sphere Ising rotation 
where the cycle repeats. 
 
 
3.6 Protocol for Empirically Testing Unified Theoretic Cosmology 
 

Extrapolating Einstein’s energy dependent or deformed spacetime metric, 4M̂  [102-104] to a 

supersymmetric 12D standing-wave future-past advanced-retarded topology for a holographic 
multiverse we have designed a spacetime resonance hierarchy protocol for a covariant Dirac polarized 
vacuum which has properties akin to an ‘ocean of light’ or Wheeler Geon ‘beyond the veil of spacetime 
[40]. If this is true emergent aspects of spacetime act like a ‘surface wave’ (Fig. 3.13) on the upper 
regime of the complex self-organized Dirac Sea and is therefore amenable to descriptive methods of 
nonlinear dispersive wave phenomena generally of the basic form 
 
                ( ) ( )L N          (3.19) 
 
where L and N are Linear and Nonlinear operators respectively in the linear limit where 0   with 

elementary dispersive wave solutions cos , ( )i i i i i iA k x k t       for one dimension plus time 

where nonlinearity creates resonant interactions between the i  solutions and the Amplitude iA  

depends on t, creating  potentially substantial effects where initial absent modes can become cumulative 
interactions producing shock wave effects.  
 Motion of a one-dimensional classical harmonic oscillator is given by sin( )q A t   and 

cos( )p m A t    where A is the amplitude and   is the phase constant for fixed energy
2 2 / 2E m A . For state n , with 0,1,2...n    and Hamiltonian ( 1/ 2)nE n    the quantum 

harmonic oscillator becomes  
 

          2 † † 2/ 2 ( ) /nn q n m n a a aa n E m         (3.20) 

and  

               2 † †1/ 2( ) nn p n m n a a aa mE           (3.21) 

 

where †&a a are the annihilation and creation operators,  
 

†/ 2 ( )q m a a   and †/ 2 ( )p i m a a  . 
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Fig. 3.13. The spacetime topological hierarchy may have properties like water waves where the wave (HD branes) moves but 
the water surface (local) remains stationary. 
 

 For the 3D harmonic oscillator each equation is the same with energies 
 
       ( 1/ 2)x x xE n    , ( 1 / 2)y y yE n          (3.22a) 

and           
       ( 1/ 2)z z zE n    [77,78].          (3.22b) 

 
In Dubois’ notation the classical 1D harmonic oscillator for Newton’s second law in coordinates t 

and x(t) for a mass, m in a potential 2( ) 1/ 2( )U x kx  takes the differential form  
   

       
2

2
2

0 /
d x

x where k m
dt

            (3.23) 

 
which can be separated into the coupled equations 
  

2( ) ( )
( ) 0 0

dx t dv t
v t and x

dt dt
    .       (3.24) 

 

 
 
Fig. 3.14. The Dirac covariant polarized vacuum has hyperspherical symmetry. a) Metaphor for standing-wave present 

showing future-past elements, 1 2,R R , 11D of 12D suppressed for simplicity. b) Top view of a) a 2D spherical standing-

wave. c) Manipulating the relative phase of oscillations creates nodes of destructive and constructive interference as a substrate 
for incursion.   
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 From incursive discretization, Dubois creates two solutions ( ) ( )x t t v t t    providing a 

structural bifurcation of the system which together produce Hyperincursion. The effect of increasing 
the time interval discretizes the trajectory as in Fig. 3.15 below. This represents a background 
independent discretization of spacetime [86-90]. 
 

 
 
Fig. 3.15. Numerical simulation of the phase space trajectory of the Dubois superposed incursive oscillator based on 

coordinates and velocities 1/ 2[ (1) (2)]n n nx x x   1/ 2[ (1) (2)]n n nv v v   is shown in the figure for values of t  
equal to 0.1, 0.5, 1.0 and 1.5. Initial conditions are 0 0 01, 0& 0      with total simulation time 8t    . Figure 

adapted from [86-90]. 
 
 
3.7 Introduction to a P 1  Experimental Design 

 
In a homogeneous magnetic field, the forces exerted on opposite ends of the dipole cancel each other 
out and the trajectory of the particle is unaffected. if the particles are classical ‘spinning’ particles then 
the distribution of their spin angular momentum vectors is taken to be truly random and each particle 
would be deflected up or down by a different amount producing an even distribution on the screen of a 
detector. Instead quantum mechanically, the particles passing through the device are deflected either up 
or down by a specific amount. This means that spin angular momentum is quantized (also called space 
quantization), i.e. it can only take on discrete values. There is not a continuous distribution of possible 
angular momenta. This is the usual fundamental basis of the standard quantum theory and where we 
must introduce a new experimental protocol to surmount it. This is the crux of our new methodology: 
If application of a homogeneous magnetic field along a Z-axis produces quantum uncertainty upon 
measurement, then simplistically “do something else”. 
 In NMR spectroscopy often it is easier to make a first order calculation for a resonant state and then 
vary the frequency until resonance is achieved. Among the variety of possible approaches that might 
work best for a specific quantum system, if we choose NMR for the UFM Interferometer it is relatively 
straight forward to determine the spin-spin resonant couplings between the modulated electrons and the 
nucleons. But achieving a critical resonant coupling with the wave properties of matter with a putative 
beat frequency inherent in the HD spacetime backcloth is another matter. Firstly, for UFM cosmology 
  is not a rigid barrier as in Standard Model Big Bang-Copenhagen cosmology;   is a virtual limit of 
retarded-advanced elements of the continuous-state standing-wave present as it cyclically recedes into 
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the past where the least unit [101] cavities tiling the spacetime backcloth can have cyclical radii   the 
Larmor radius of the hydrogen atom. This new Planck length ( sT ), where TS is string tension, 

oscillates through a limit cycle from the Larmor radius of the hydrogen atom to standard  , as asymptote 
never reached. As discussed in Chaps. 3,4, we utilize the original hadronic form of string tension which 
is variable, not the current M-Theoretic form which is fixed.  
 This cycle is like a wave-particle duality – Larmor radius at the future-retarded moment and   at 
the past-advanced moment that opens and closes periodically into the HD regime. The dynamics are 
different for future-retarded elements which have been theorized to have the possibility of infinite radius 
for D > 4 [105]. This scenario is a postulate of string theory. Considering the domain walls of the least-
unit structure, the  -Larmor cyclical regime is considered internal-nonlocal and the Larmor-infinity 
regime rotation considered external-supralocal.  
 For simplicity we introduce our review of NMR concepts for the hydrogen atom, a single proton 
with magnetic moment,  , angular momentum, J related by the vector J  where   is the 

gyromagnetic ratio and J I   where I is the nuclear spin. The magnetic energy U B    of the 

nucleus in an external magnetic field in the z direction is 0 0z zU B I B       where the usual values 

of ,z II m  are quantized according to , 1, 2, 3,... 1Im I I I I     [106,107]. 

 

 
 
Fig. 3.16. a) The two magnetic energy states for the spin, I = ½ single proton of a hydrogen atom in a magnetic field. b) Time 

variation of the magnetic moment of the proton in magnetic field 0B  with precession frequency, 0 0B  , the fundamental 

resonant frequency from a). 
 

 For most nuclear species the z-component of the magnetization, M grows exponentially until 
reaching equilibrium according to the formula  0 1( ) (1 exp / )zM t M e t T    where 1T  is the spin-

lattice relaxation time. Of interest for the noetic interferometer is the fact that (Fig. 3.16) as   precesses 

cyclically from 1/ 2Im    to 1/ 2Im    the nucleons experience a torque, with  changing J  by 

/dJ dt   or /B dJ dt   . Under thermal equilibrium the x-y components are zero; but zM  can 

be rotated into the x-y plane creating additional transverse xM  and yM components 

/dM dt M B  for the entire system by applying a rotating circularly polarized oscillating magnetic 

field 1
ˆ2 cosB ti of frequency   in addition to the constant magnetic field, 0

ˆB k . Now the total time 

dependent field decomposes into the two counterpropagating fields 
 

        1 1
ˆ ˆ ˆ ˆ(cos sin ) (cos sin )B ti tj B ti tj      .      (3.25) 

 
 This more complicated form for use with multiple applied fields is necessary, as described below 
for use with the Sagnac Effect, quadrupole, and dipole dynamics [108,109] required to operate the 
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noetic interferometer. 
 Nuclear Quadrupole Resonance (NQR) is a form of NMR in which quantized energy level 
transitions are induced by an oscillating rf-magnetic field in the electric quadrupole moment of nuclear 
spin systems rather than the magnetic dipole moment. The nuclear quadrupole moment, Q is based on 
the nuclear charge distributions ( )r  departure from spherical symmetry defined as the average value 

of 2 21/ 2(3 ) ( )z r r  over the nuclear volume. Q has the dimension of area where the nuclear angular 

momentum, for which Im I  where I is the nuclear spin quantum number and Im  is the quantum 

number for the z component of the spin, 1, 1,..., 1,Im I I    . Nuclei with I = 0 have no magnetic 

moment and are therefore magnetically inert. Similarly, in order for Q = 0 the nucleus must be spherical 
with spin, 0I  . For spin I = 1/2 nuclei have dipole moments,   but no Q. Q is positive for prolate 

nuclei and negative for oblate nuclei [110,111]. 
 For an isolated nucleus in a constant magnetic field, 0H  with nuclear spin number I > 0 the nucleus 

possesses a magnetic moment. From QT the length of the nuclear angular momentum vector is 
1/ 2[ ( )]II    where measurable components are given by m  with m the magnetic quantum number 

taking any (2 )II  value from the series , , 2,..., ( ),I II I I I I     . For the I = 3/2 case there are 

four values along the direction of the applied magnetic field, 0H . 

 Of the three types of spin-spin coupling, this experiment relies the hyperfine interaction for electron-
nucleus coupling, specifically the interaction of the nuclear electric quadrupole moment induced by an 
applied oscillating rf-electric field acting on the nuclear magnetic dipole moment,  . When electron 

and nuclear spins are strongly aligned along their z-components the Hamiltonian is m B  , and if B is 
in the z direction 
 
           N N xH I B BI                          (3.26) 

 

with Nm I , N  the magnetogyric ratio / 2N pe m    and pm  the mass of the proton [112]. 

 Radio frequency excitation of the nuclear magnetic moment,   to resonance occurs for a nucleus 

collectively which rotates   to some angle with respect to the applied field, 0B . This produces a torque 

0i B   causing the angular momentum,   itself to precess around 0B  at the Larmor frequency 

0L N B   [112-114]. This coherent precession of   can also induce a ‘voltage’ in surrounding media, 

an energy component of the Hamiltonian to be utilized (Figs. 3.17,3.18) to create interference in the 
structure of spacetime. 
 Metaphorically this is like dropping stones in a pool of water: One stone creates concentric ripples; 
two stones create domains of constructive and destructive interference. Such an event is not considered 
possible in the standard models of particle physics, quantum theory and cosmology. However, UF 
science uses extended versions of these theories wherein a new teleological action principle is utilized 
to develop what might be called a 'transistor of the vacuum'. Just as standard transistors and copper 
wires provide the basis for almost all modern electronic devices; This Laser Oscillated Vacuum Energy 
Resonator using the information content of spacetime geodesics (null lines) will become the basis of 
many forms of new UF technologies. 
 Simplistically in this context, utilizing an array of modulated tunable lasers, atomic electrons are rf-
pulsed with a resonant frequency that couples them to the magnetic moment of the nucleons such that 
a cumulative interaction is created to dramatically enhance the Haisch-Rueda inertial back-reaction 
[115-118] in conjunction with the Dubois incursive oscillator [86-90]. The laser beams are counter-
propagating producing a Sagnac Effect Interferometry to maximize the small-scale local violation of 
Special Relativity. This is the 1st stage of a multi-tier experimental platform designed (according to the 
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tenets of UFT) to periodically ‘open a hole’ in the fabric of spacetime in order to isolate and utilize the 

force ÛF  of the UFM Field.  

 The interferometer utilized as the basis for the vacuum engineering research platform is a multi-
tiered device. The top tier is comprised of counter-propagating Sagnac effect ring lasers that can be 
built into an IC array of 1,000+ ring lasers. If each microlaser in the array is designed to be 
counterpropagating, an interference phenomenon called the Sagnac Effect occurs that violates special 
relativity in the small scale [119]. This array of rf-modulated Sagnac-Effect ring lasers provides the top 
tier of the multi-tier Laser Oscillated Vacuum Energy Resonator. Inside the ring of each laser is a cavity 
where quantum effects called Cavity-Quantum Electrodynamics (C-QED) may occur. A specific 
molecule is placed inside each cavity. If the ring laser array is modulated with resonant frequency modes 
chosen to achieve spin-spin coupling with the molecules electrons and neutrons, by a process of 
Coherent Control [120] of Cumulative Interaction an inertial incursive back-reaction is produced 
whereby the electrons also resonate with the spacetime backcloth in order to 'open an oscillating hole' 
in it. This requires a TFT compatible with the 12D version of M-theory [43] relying on the key 
‘continuous-state’ symmetry conditions of UFM cosmology in which it is cast (Chap. 3). 
 

    
 
Fig. 3.17. Design elements for the HD Cavity-QED trap of the UFM Noetic Interferometer postulated to constructively-
destructively interfere with the topology of the 12D spacetime manifold to manipulate the unified field. Substantial putative 
effects are possible if cumulative interactions of the interference nodes of the cyclotron resonance hierarchy produce reactive 
incursive shock waves. Fig. 3.18. Simplified description of the rf-pulsed resonance hierarchy for HD access. 
 
 The first step in the interference hierarchy (Fig. 3.17) is to establish an inertial back-reaction between 
the modulated electrons and their coupled resonance modes with the nucleons. The complete nature of 
inertia remains a mystery [121]. It may later be shown that the continuous-state energy in conjunction 
with the UF force of coherence will solve this mystery of Mach’s Principle.  
 It is critical to realize that the Standard Model contains no fundamental ‘beat frequency’ of a 
spacetime annihilation-creation cycle. Physicists have come to the realization recently that spacetime is 
not fundamental, but little has been said yet of the nature of its emergence. In our cosmological model, 
a key breakthrough is that this beat frequency arises as an inherent property of the continuous-state 
cycling. 
 But if one follows the Sakarov [122] and Puthoff [123] conjecture, regarding the force of gravity 
and inertia, the initial resistance to motion, are actions of the vacuum zero-point field. Therefore, the 
parameter m in Newton’s second law f = ma is a function of the zero-point field [115-118,125-126]. 
Newton’s third law states that ‘every force has an equal and opposite reaction’. Haisch & Rueda [115-
118] claim vacuum resistance arises from this reaction force, f = - f. We have also derived an 
electromagnetic interpretation of gravity and electromagnetism [127] that suggests this inertial back-
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reaction is like an electromotive force3 of the de Broglie matter-wave field in the spin exchange 
annihilation creation process inherent in a hysteresis of the relativistic spacetime fabric (Fig. 3.9b,d). In 
fact, we go further to suggest that the energy responsible for Newton’s third law is a result of the 
continuous-state flux of the ubiquitous UFM noetic field. For the Laser Oscillated Vacuum Energy 
Resonator we assume the Haisch-Rueda postulate is sufficiently correct to be adapted for use in our rf-
pulsed Sagnac Effect resonance hierarchy.   
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where   is the impulse given by the accelerating agent and thus * *

zp    [115-118].   

 The cyclotron resonance hierarchy must also utilize the proper spacetime beat frequency according 
to the mantra of the continuous-state dimensional reduction spin-exchange compactification process 
inherent in the symmetry of UF spacetime naturally ‘tuned’ to make the speed of light c c and not 
infinite. With this apparatus in place noetic theory suggests that destructive-constructive C-QED 
interference of the spacetime fabric occurs such that the UFM noeon wave,   of the unified field, FU  

is harmonically (like a light house beacon or holophote) released periodically into the cavity of the 
detector array. Parameters of the Dubois incursive oscillator are also required for aligning the 
interferometer hierarchy with the beat frequency of spacetime. 
 
 

 
Fig. 3.19 Powers of i in the complex plane. For 90° to 360° the concept can be readily illustrated in 2D; but for 720° and above 
4D is required which cannot easily be depicted in 3D so the representation in d) is used, which might also be represented by a 
Klein bottle which was not used because the torus in d) more easily shows the rotation topology, which for spin 1/2 is the 
Dirac rotation of the electron. c) is a simplistic representation of a powers of i resonance hierarchy.   
 
 If the water wave conception for the ‘Dirac sea’ is correct, the continuous state compactification 
process contains a tower of spin states from spin 0 to spin 4. Spin 4 represents the unified field making 
cyclic correspondence with spin 0 where Ising lattice Riemann sphere spin flips create dimensional 
jumps. Spin 0, 1/2, 1, & 2 remain in standard form. Spin 3 is suggested to relate to the orthogonal 
properties of atomic energy levels and space quantization. Therefore, the spin tower hierarchy precesses 
through 0, 720º, 360º, 180º, 90º & 0 () as powers of i as illustrated in Fig. 3.19.   
                                                             
3 Electromotive force, E: The internal resistance r generated when a load is put upon an electric current 
I between a potential difference, V, i.e. ( ) /r E V I  . 
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Fig. 3.20. Conceptualized Ising model Riemann sphere cavity-QED multi-level Sagnac effect interferometer designed to 
cyclically ‘penetrate’ space-time to emit the ‘noeon wave,  ’. Experimental access to vacuum structure or for surmounting 
the uncertainty principle can be done by two similar methods. One is to utilize an atomic resonance hierarchy and the other a 
spacetime resonance hierarchy. The spheroid is a 2D representation of a HD Ising model Riemann sphere able to spin-flip 
from zero to infinity in conjunction with the putative ‘beat frequency’ of spacetime.    
 
 As illustrated in Figs. 3.17, 3.18 the coherent control of the multi-level tier of cumulative interactions 
relies on full utilization of the continuous-state cycling inherent in parameters of Multiverse cosmology. 
What putatively will allow noetic interferometry to operate is the harmonic coupling to periodic modes 
of Dirac spherical rotation in the symmetry of the HD brane geometry. The universe is no more classical 
than quantum as currently believed; reality rather is a continuous state cycling of nodes of classical to 
quantum to unified, C Q U  . We elevate the concept of wave-particle duality to a principle of 

cosmology especially in terms of the HD continuous-state cycle; this is what allows the UFM ‘mantra’ 
to operate. The salient point is that cosmology, the HD topology of spacetime itself, has a conformal 
rotation like the wave-particle duality Dirac postulated for electron spin. Recall that the electron requires 
a 4D topology and 720° for one complete rotation instead of the usual 360° to complete a rotation in 
3D. The hierarchy of noetic cosmology is cast in 12D such that a pertinent form of ontological-phase 
topological field theory has significantly more degrees of freedom, whereby the modes of resonant 
coupling may act on the structural-phenomenology of the Dirac ‘sea’ itself rather than just the 
superficial zero-point field surface approaches to vacuum engineering common until now. 
 

 
 
Fig. 3.21. Basic conceptual mathematical components of the applied harmonic oscillator: classical, quantum, relativistic, 
transactional and incursive are all required in order to achieve coherent control of the cumulative resonance coupling hierarchy 
in order to produce harmonic nodes of destructive and constructive interference in the spacetime backcloth by incursion.   
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 The parameters of the noetic oscillator (Figs. 3.17, 3.18) seem best be implemented by an OPTFT 
using a form of de Broglie fusion. According to de Broglie a spin 1 photon can be considered a fusion 
of a pair of spin 1/2 corpuscles linked by an electrostatic force. Initially de Broglie thought this might 
be an electron-positron pair and later a neutrino and antineutrino. “A more complete theory of quanta 
of light must introduce polarization in such a way that to each atom of light should be linked an internal 
state of right and left polarization represented by an axial vector with the same direction as the 
propagation velocity” [128]. These prospects suggest a deeper relationship in the structure of spacetime 
of the Cramer Transaction type [50] (Fig. 3.22). 
 

    
 

Fig. 3.22. Transactional model. a) Offer-wave, b) confirmation-wave combined into the resultant transaction c) which takes 
the form of an HD future-past advanced-retarded standing or stationary wave. Figs. Adapted from Cramer [50]. 
 
 The epistemological implications of a 12D OPTFT must be delineated. The empirical domain of the 
standard model relates to the 4D phenomenology of elementary particles. It is the intricate notion of 
what constitutes a particle that concerns us here – the objects emerging from the quantized fields defined 
on Minkowski spacetime. This domain for evaluating physical events is insufficient for our purposes. 
The problem is not only the additional degrees of freedom and the associated XD, or the fact that 
‘particles’ can be annihilated and created but that in UFM cosmology they are continuously annihilated 
and recreated within the holograph as part of the annihilation and recreation of the fabric of spacetime 
itself. This property is inherent in the 12D Multiverse because temporality is a subspace of the atemporal 
3rd regime of the UF. This is compatible with the concept of a particle as a quantized field. What we are 
suggesting parallels the wave-particle duality in the propagation of an electromagnetic wave. We 
postulate this as a property of all matter and spacetime albeit as continuous-state standing waves. 
 

 
 
Fig. 3.23 Structure of a Cramer transaction (present state or event) where the present is a standing-wave of future-past elements. 
The separation of these parameters in terms of de Broglie’s fusion model is suggested to allow manipulation of the harmonic 
tier of the UF interferometer with respect to T-Duality or Calabi-Yau mirror symmetry. 
  
  For a basic description, following de Broglie’s fusion concept, assume two sets of coordinates 

1 1 1, ,x y z  and 2 2 2, ,x y z  which become   

 

       1 2 1 2 1 2, ,
2 2 2

x x y y z z
X Y Z

  
   .   (3.28) 

 
Then for identical particles of mass m without distinguishing coordinates, the Schrödinger equation (for 
the center of mass) is 
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In terms of Fig. 3.23, Eq. 3.29 corresponds to the present and Eq. 3.30a corresponds to the advanced 
wave and (3.30b) to the retarded wave [98]. 
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Extending Rauscher’s concept for a complex 8-space differential line element 2dS dZ dZ 
  , 

where the indices run 1 to 4,   is the complex 8-space metric, Z   the complex 8-space variable where 

Re ImZ X iX     and Z   is the complex conjugate [129,130]. This can be extended to 12D 

continuous-state UFM spacetime; we write just the dimensions for simplicity and space constraints: 
 

                 Re Re Re Re Im Im Im Im, , , , , , ,x y z t x y z t           (3.31) 

 
where   signifies Wheeler-Feynman/Cramer type future-past/retarded-advanced dimensions. This 
dimensionality provides an elementary framework for applying the hierarchical harmonic oscillator 
parameters suggested in Figs. 3.17 and 3.21. 
 The concept conceptualized is that although commutativity was sacrificed by Hamilton in creating 
a closed quaternion algebra utilizing a 12D complex quaternion Clifford algebra approach to describe 
the Fermionic singularity; the additional degrees of freedom allow anticommutativity and 
commutativity to cycle periodically through the constraints of the algebra. This scenario when applied 
to the continuous-state cycle can be utilized to periodically via the suggested resonance hierarchy 
protocol to surmount the quantum uncertainty principle. 
  
 
3.8 Conclusions 
 
If the noeon interferometer resonance hierarchy is able to surmount the uncertainty principle as outlined 
and can isolate and manipulate the LSXD brane world, in addition to quantum computing it will lead to 
a new research platform for developing a whole new class of vacuum based technologies; whereas one 
could say virtually all electronic devices up to now are based on transistors and copper wires. The Laser 
Oscillated Vacuum Energy Resonator could lead to a transistor of vacuum cellular automata, where 
rather than copper wires, the geodesics or null lines of space would be utilized to transfer information 
topologically with no quantal exchange particle mediating the ‘interaction’ in this scenario 
distinguishing phenomenology from unified field ontology. 
 This brief introduction is a primitive overview introducing the anticipated new field of vacuum 
engineering as Cramer stated in the 1st sentence of this chapter should revolutionize many fields of 
science [131].  
 

When the great innovation appears, it will most certainly be in a muddled, incomplete form. To the discoverer himself it 
will be only half-understood; to everyone else it will be a mystery. For any speculation which does not at first glance look 
crazy, there is no hope [132]. 
 

 Finally, we stress that vacuum energy is not ‘produced’ by the noeon interferometer. The 
interferometer manipulates the boundary conditions ‘insulating’ or ‘hiding’ the unitary geodesics of HD 
spacetime by constructive and destructive interference allowing vacuum energy to be ‘emitted’ as a 
form of cursory superradiance [133] of the dynamics of the hysteresis loop of inherent least-unit 
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synchronization backbone energy (topological charge) in continuous-state parallel transport. 
 We have found already that a fair number of colleagues want to summarily dismiss this model 
because of its utilization of LSXD. This is the sort of myopic view that has consistently plagued the 
history of science whenever ‘big-leap’ innovation occurs. We hope readers here will not fall into this 
quagmire! The model is empirically testable hopefully making up for some of the lack of precision in 
our axiomatic approach or thin rigor in portions of our attempts at formalism. In addition to the protocol 
presented here we have described elsewhere an additional experiment to utilize the noeon -wave to 
study the putative manipulation of prion protein conformation responsible for degenerative 
neuropathies [92,97]. 
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PART 4 
Measurement with Certainty 

 
Because of what Unified Field Mechanics (UFM) appears to tell us about the fundamental basis of matter 
(albeit a preliminary foray); it is postulated that a bulk UQC cannot be built without utilizing UFM 
parameters with an inherent ability to supervene the quantum uncertainty principle. Although no attempt 
has been made yet to make correspondence with M-Theoretic supersymmetry, since it remains 
sufficiently unfinished; the topological order envisioned for UFM additions to the structure of matter can 
probably readily be made to do so. Concepts required to supervene uncertainty, such as a Dirac polarized 
vacuum, the de Broglie-Bohm causal interpretation and Cramer’s transactional interpretation are already 
well-known to physics, but generally ignored. Concepts like Large-Scale Additional Dimensions 
(LSXD), brane topology and the vision that spacetime is not fundamental, but emergent, are already 
known and under ongoing development. The three main additions we apply are the discovery of a 



Richard L Amoroso – Fundaments of Quantum Computing 
 

77 
 

manifold of uncertainty (MOU) with finite radius, to which the unified field provides an ontological force 
of coherence (not 5th force) and that the underlying bulk hidden behind the ‘veil of uncertainty’ is a 
tessellation of ‘Least Cosmological Units’ (LCU) annihilated and recreated with a cyclic beat frequency. 
May it become obvious, that this inherent LCU beat frequency is the key factor in supervening uncertainty 
for measurement with certainty. 
 

The general principle of superposition of quantum mechanics applies to the states ... of any one dynamical system. It requires 
us to assume that between these states there exist peculiar relationships such that whenever the system is definitely in one 
state we can consider it as being partly in each of two or more other states … indeed in an infinite number of ways. 
Conversely any two or more states may be superposed to give a new state ... The non-classical nature of the superposition 
process is brought out clearly if we consider the superposition of two states, A and B, such that there exists an observation 
which, when made on the system in state A, is certain to lead to one particular result, a say, and when made on the system 
in state B is certain to lead to some different result, b. What will be the result of the observation when made on the system 
in the superposed state? The answer is that the result will be sometimes a and sometimes b, according to a probability law 
depending on the relative weights of A and B in the superposition process. It will never be different from both a and b. The 
intermediate character of the state formed by superposition thus expresses itself through the probability of a particular result 
for an observation being intermediate between the corresponding probabilities for the original states, not through the result 
itself being intermediate between the corresponding results for the original states – Dirac [1].   

 
 
4.1 Introduction – Summary of Purpose 
 
Generally, the 4-space of observation is restricted to a manifold inside a HD space, called the ‘bulk’ 
(hyperspace) by M-Theorists. If additional dimensions are compactified, then the observed universe 
would contain any possible extra dimensions; and no reference to a bulk is required. However, if a bulk 
with Large-Scale Additional Dimensionality (LSXD) does exist, a rich interacting brane-world 
influencing 4-space is postulated. 

Kaluza-Klein XD compactification in string theory differs from the particle theory version in that a 
closed string can be wound several times around a rolled up dimension. A string with this property, has 
what is called winding mode oscillations that add additional symmetry not found in particle physics. A 
theory with a rolled up dimension of size R was found to be equivalent to a theory with a rolled up 
dimension of size Ls

2/R with winding modes and momentum modes exchanged in XD. (Ls is the string 
length scale.)  

 
 
Fig. 4.1.  An LHC p-p collision producing supersymmetric particles. Protons, p from the beams, are made of quarks, q and 

gluons, g. Their collisions produce supersymmetric particle pairs, q . The supersymmetric particles subsequently decay into 

ordinary particles and dark matter particles, 0
1 . Redrawn from [2]. 

 
This symmetry allows correspondence between theories with small XD to theories with LSXD, which 

is known as T-Duality. In superstring theory, Kaluza-Klein compactification must be applied to a 6D 
space. The well-known method of doing so is to use a heterotic dual Calabi-Yau 3-torus which determines 
the geometric topology of the symmetries and spectrum of the particle theory [3]. In our theory the 
manifold of uncertainty has a 6D topology [4,5] compatible with this type of supersymmetry. Braneworld 
models generally radically differ from superstring Kaluza-Klein compactification models because they 
require few steps between the Planck scale and electroweak scale. This huge difference between the 
Planck and the electroweak scale is called the gauge hierarchy problem [6-8]. 
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Sufficient theoretical insight related to a new anthropic multiverse UFM cosmology [4,9-44] has 
occurred during the 17 intervening years since the prior work [45] to design rigorous empirical protocols 
for isolating and manipulating fundamental parameters related to long-range coherence in semi-
quantum systems. A key premise is that the so-called Planck scale stochastic regime is not fundamental 
and need no longer be a barrier to the study coherent phenomena in quantum systems generally or 
biological systems. Since Heisenberg’s 1927 discovery, the quantum uncertainty principle (4D) has 
been by empirical definition a barrier to accessing certain kinds of complementary biophysical 
information. As will be shown, the simple solution is - Do something else! That is, use a different 
fundamental basis for quantum and biophysical ‘measurement’ criteria by utilizing additional degrees 
of freedom inherent in a noetic UFM cosmology. Nine experimental protocols are outlined for testing 
postulates of the model; which if successful will lead to bulk UQC, a standardized biophysical research 
platform and a new class of biosensors.  
 Noetic UFM cosmology makes correspondence to 11D M-Theoretic dual Calabi-Yau mirror 
symmetry, 10 4 6M M K   [46-48] albeit with the addition of a twelfth dimension to incorporate 

Unified Field, UF   dynamics, 12 4 8 4 4 4
ˆ ˆˆM M K M         [4,30]. String Theory has struggled to 

discover one unique vacuum compactification from the googolplex, googol10 or infinite potentia provided 
by XD, with Standard Model Minkowski space, M4 as the sought resultant [46-48]. Noetic UFM 
cosmology is different - All dimensionalities from 12D to 0D are cycled through continuously defined 
as a ‘Continuous-state spin exchange dimensional reduction compactification process’ that led to 
discovery of a unique string vacuum [4,44]. Note: The ‘continuous-state’ LCU is radically different 
than a Big Bang singularity [4,21,40,41]. 
 Summary of salient theoretical postulates: 
 

 The Unified Field, UF provides an evolutionary ‘force of coherence’ guiding evolution in 
quantum systems. 

 The HD UF regime is accessible by surmounting the uncertainty principle (limitation imposed 
by space-quantization parameters of the Copenhagen Interpretation) by manipulating new 
cosmological parameters described by additional degrees of freedom related to a Large-Scale 
Additional Dimensionality (LSXD) version of M-Theory [41]. 

 Utilizing UF parameters provides a new action principle with an inherent force of coherence 
acting like a ‘super-quantum potential’ or pilot wave [4,49-51] guiding the ‘continuous-state’ 
spin-exchange dimensional reduction compactification process of spacetime and evolution of 
complexity in quantum and the Self-Organized Living Systems (SOLS) it pervades [9]. 

 The putative unique 12D M-Theoretic regime of UF action correlates parameters of Calabi-
Yau mirror symmetry [49-51] with heretofore generally ignored properties of de Broglie-
Bohm Causal and Cramer Transactional interpretations of quantum theory [49-52] and their 
higher dimensional (HD) extensions utilized in the new paradigm of noetic UFM cosmology 
[4,44]. 

 This unique string vacuum forms a conformal scale-invariant covariant polarized Dirac-

Einstein energy dependent spacetime metric, 4 4M̂   [4,53-55] which by nature of its 

inherent continuous-state dimensional reduction process [4] acts as a Feynman 
‘synchronization backbone’ [56] facilitating/simplify-ing empirical accessibility.   

 This empirical mediation of the LSXD polarized Dirac-Einstein metric, 4 4M̂   (12D) 

[4,10,44,53-55] can be performed by a specialized incursive form of rf-modulated Sagnac 
Effect resonant interference hierarchy able to surmount the uncertainty principle [4,11]. 
 

 Since 1993 the so-called Elitzur-Vaidman Interaction-Free Measurement (IFM) paradigm [57-65], 
a procedure for detecting the quantum state of an object without a phenomenological interaction 
occurring with the measuring device that ordinarily collapses the quantum wave function,  provides 
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an indicia of our model suggesting it may be possible in general, as proposed here, to completely 
override the quantum uncertainty principle with probability, p 1  through utility of additional degrees 

of freedom inherent in the supersymmetric regime of string/brane theory. Note: in Newtonian 
mechanics the universe was 3D, Einstein introduced a 4D cosmology; now the next step seems to 

require 12D as the minimal dimensionality for producing causal separation from 4M̂ . 

 The disadvantages of the IFM model is that in order to improve probability towards certainty more 
and more Mach-Zehnder interferometers and more and more cycles through the apparatus are required 
[58-61]; while our apparatus acts with a single cycle because it represents a true and complete overriding 
of the quantum uncertainty principle by utilization UF dynamics [4,11]. We emphasize our position that 
it is impossible to violate the uncertainty principle in 4D (by empirical fact) which the IFM method is 
limited to. This duality in the Quantum Zeno Paradox as experimentally implemented in IFM protocols 
suggests a duality between the regular phenomenological quantum theory [66-70] and a completed 
unified or ontological model beyond the formalism of the standard Copenhagen Interpretation as 
proposed here [4,5,44,45,71]. Utilizing extended theoretical elements, a putative empirical protocol for 
producing IFM with probability p 1  is introduced in a direct causal violation or absolute surmount of 

the methodology of the current 4D Copenhagen quantum Uncertainty Principle. 
 

 
4.2. The Principle of Superposition 
 
Classical waves can interact with constructive or destructive interference or a combination of both. When 
two waves interfere, the resulting displacement of the medium at any location is the algebraic sum of the 
displacements of the individual waves at that same location. Quantum mechanically waves can exist in 
all possible states simultaneously; this known as a superposition of states. A state vector corresponding 
to a pure quantum state takes the form,  . For example, if electron spin is measured in a Stern-Gerlach 

apparatus, there are two possible results. By convention electron spin is described by a 2D Hilbert space 

represented as a pure state complex vector,  ,   with a length one by 
2 2

1    where  and 

 are the absolute values of   and  . The superposition principle states that the net response at a 

given place and time caused by two or more stimuli is the sum of the responses which would have been 
caused by each stimulus individually. For example, a physically observable manifestation of 
superposition is interference peaks from an electron wave in a double-slit experiment or a qubit state as 

a linear superposition of the quantum basis states 0  and 1 in Dirac notation which convert to classical 

logic 0 or 1 by a measurement. 
 Accounting for interference effects in waves requires superposition such that an ensemble of quantum 
systems is described by wave functions with states, 1 2, ... n    . Thereby any linear combination  

 
           1 1 2 2 ... n nc c c               (4.1) 

 
with 1 2, ... nc c c  being constants describes possible quantum states of the ensemble. The complex wave 

functions,  1 2, ... n    are written as  

 

          1 2
1 1 2 2, ... nii i

n ne e e               (4.2) 

 
From (4.1) (simplified) the squared modulus of   is  
 

  2 22 *
1 1 2 2 1 2 1 2 1 22 Re expc c c c i                  (4.3)  
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Achieved by  
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            (4.4) 

 
and then substituting (4.1) one gets (4.2), such that in general  
 

2 22

1 1 2 2c c              (4.5) 

 
because of the Uncertainty Principle. 

 Note that 
2  is unaffected if the wavefunction,   is multiplied by a global phase factor,  exp i

. However, if   is a real constant, it depends on the relative phase  1 2   of 1  and 2  which 

because of the third term on the right in (4.3) is an interference term [4,72]. 
 
 
4.3 Oscillatory Rabi NMR Resonance Cycles 
 
A Rabi cycle is the cyclic behavior of a two-state quantum system in the presence of an oscillatory 
driving field. We are interested here in NMR-like Rabi cycles because our protocol for surmounting the 
uncertainty principle relies in part on a Rabi cycle resonance hierarchy. A two-state or two-level 
quantum system, such as the spin-1/2 electron ( / 2)  or atomic orbital transitions, has two possible 

states and can become ‘excited’ if energy is absorbed. For hydrogen in an electromagnetic field with 
the frequency tuned to the excitation energy, the electron would be in either the ground state or an 
excited state. If we initialize the hydrogen atom to one of these states, time evolution will cause each 
level to oscillate with a characteristic angular Rabi frequency represented by the basis vectors, 

1 0
1 , 2

0 1

   
    
   

[73].  

 

 
 
Fig. 4.2. Schematic evolution of coupled mechanical oscillators on the Bloch sphere when undergoing a Rabi cycle.   
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 The NMR effect is produced by applying a strong static field, B0, called the holding field, to a 
nucleus. When an additional weak transverse field, B1 oscillating at an rf-frequency, r  rotating in the 

xy-plane around B0 is applied to the holding field, 0 ˆB z , one has the time-dependent field: 

 

            
1 r

1 r

0

cos

B = sin

B t

B t

B




 
 
 
 
 

 [73].                             (4.6) 

 
This is the right-handed rotating field; utilized in our protocol of counterpropagating Sagnac Effect 

rf-fields [4,5,44,71]. 
Whatever motions produce spectral lines, the application of a uniform magnetic field should produce 

changes because of Larmor precession. A general oscillation can be resolved into three harmonic 
components at right angles. If the magnetic field is in the +z-direction, then the oscillation in the z-
direction will be unaffected by the magnetic field, while the x and y motions will precess with the Larmor 
angular velocity (e/2mc)B in a right-handed manner about the +z-axis. An x-vibration cosx a t can 

be expressed as the sum of two circular motions  / 2 i ta e   and  / 2 i ta e  rotating in opposite 

directions, and similarly for a y-oscillation. Clockwise motion will speed up by Larmor precession to

L  , and anticlockwise motion will slow down by the same amount [73-75]. 
 
 

4.4. The Problem of Decoherence  
 

It could be that the universe has a very rich structure, with many different branes, on which there exist very different 
physics, living in an as yet unknown geometry. -  L. Randall [7]. 

 
Except perhaps for quantum Hall quasiparticle protected anyons, in principle, quantum systems are 
open and not isolated from environmental noise or coupling. Decoherence, the destroyer of quantum 
superstition is essentially the only remaining barrier to bulk UCQ. It is curious that although anyonic 
TQC apparently has solved this dilemma by the braiding of topological phase; as yet there is no known 
method of accessing the protected qubits [76,77]. We suspect our proposed Ontological-phase 
Topological Field Theory (OPTFT) will provide a method of doing so; but if such is the case, cryogenic 
temperatures would not be needed for UQC and an anyonic TQC might only be built as an interesting 
proof of concept.  

One key to developing UQC is to have quantum states with lifetimes longer than it takes to perform 
a computing operation. Current records for maintaining coherence are curiously interesting. For isolated 
atoms in ultra-high vacuum chambers (no collisions with environment); the record for coherence is over 
10 minutes. Solid-state silicon qubit systems cooled to absolute zero have long coherence times; but the 
new record is 39 minutes for room temperature silicon qubits [78].  

In general, the problem of decoherence is strictly connected to the emergence of classicality in a 
world governed by the laws of quantum mechanics; and until now, any quantum information protocol 
must end up with a measurement converting quantum states into classical outcomes where decoherence 
plays a key role in this quantum measurement process [79-86]. The last statement is not true exactly in 
the manner stated. As we intend to show, the causally-free HD ontological-phase copy of the system 
may be read instead of the system itself, leaving the system itself untouched and free to continue its 
evolution. What this does to QC algorithms, or speedup remains to be determined [4,87,88] (Chap. 12). 

The Heisenberg uncertainty principle, / 2x       says that there is an inherent uncertainty in the 

relation between position and momentum in the x direction. Matter was thought to consist of localized 
particles, but matter exhibits wave-like properties, which means that matter, like waves, isn't localized in 
space. The uncertainty principle is a direct consequence of the wave-like nature of matter, because you 
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can't completely discretize a wave. As developed to a preliminary degree in Chap. 4, we move beyond 
these concepts of matter to one radically extended in HD UFM topology. 
 We concur with Randall that these dimensions can be of infinite size, which follows from the existence 
of branes with infinite spatial extent, a property of branes that occurs because they carry energy. If there 
is an energetic 4D flat brane in a 5D spacetime, the 5D space does not consist of flat, uniform, LSXD. 
To accommodate a flat brane requires that in addition to the tension of the brane itself, there is a bulk 
vacuum energy, closely aligned to the brane tension. The solution to Einstein’s equations is then 
described locally as an anti-de Sitter (AdS) space, a space with a negative vacuum energy, although it is 
fundamentally 5D [7,89].  

In this geometry, the length of a yardstick depends on position. Spacetime is ‘warped’ and HD do not 
have to be finite in size, because unlike the case of flat XD, the gravitational force spreads very little in 
the direction perpendicular to the brane. To derive this form for the gravitational force, one solves 
Einstein’s equations of general relativity in the presence of the brane. General relativity tells us that not 
only do gravitational forces affect matter, but matter determines the surrounding gravitational potential. 
In this case, the presence of a massive brane leads to a gravitational force highly concentrated near the 
brane. So although XD can be very large (even infinite), the gravitational force is highly concentrated 
near the brane [6-8].   

 

 
 

Fig. 4.3. Infinite size local 3-space and LSXD Braneworld and relate to gravity.   
 
Randall says there is physics that ties XD to observable low energy scales. Such theories, in which 

the XD are tied to relatively low energy scales, have the enticing possibility that they can be observed in 
the next generation of LHC colliders. Our model, which may be a form of supersymmetric M-Theoretic 
T-Duality, is different, tabletop and low energy; if successful it will put an end to the need for 
supercolliders [90]. 

 
In a variant of the original proposal, in which the second brane does not end space but resides in an infinite extra dimension 
(essentially combining RS1 and RS2), one would have missing energy signatures identical to those one would obtain with 
six large ADD-type extra dimensions ... A five-dimensional AdS space is equivalent to a four dimensional scale-invariant 
field theory, in the sense that all properties of the four-dimensional theory can be computed from the five-dimensional 
gravitational theory, and in principle one can learn about the gravitational theory from the conformal field theory (this is 
known as a holographic correspondence) … These include the existence of a four-dimensional domain in a higher 
dimensional space … It is possible that one or several of these ideas will be relevant to the question of how string theory 
evolves from a higher dimensional theory to one that reproduces observed four-dimensional physics [7]. 

 
 
4.5. Insight into the Measurement Problem 
 
In order to surmount quantum uncertainty and empirically access the hidden 3rd regime of reality 
(ClassicalQuantumUnified) new physics is required.  
 Here we introduce a new ontological type of homeomorphic transformation (a holomorphic-
antiholomorphic duality) that Toffoli calls a ‘topological switching’ [75] by what Stern calls 
‘topological charge’ [91,92] that we propose as an empirical basis for the Micromagnetics of 
spacetime/matter information exchange without usual phenomenological exchange quanta. Mediation 
occurs instead as an ‘ontological becoming’ or ‘being’ by operation of an energyless coherently 
controlled resonant hierarchy of the topology of LSXD brane interactions [4,87,88] which is not a local 
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Hamiltonian phenomenon but perhaps a new form of ontological UF Lagrangian topology. Topological 
switching can be represented metaphorically as the perceptual switching of the central vertices of a 
Necker Cube (Ambiguous cube) when stared at.   
 For example, imagine a usual 4D qubit or quantum particle in a box. In our noetic UFM 
interpretation the LSXD Calabi-Yau mirror symmetric regime contains a hierarchy of conformal scale-
invariant ‘copies’ of the original 4D quantum state not independent Everett-Wheeler parallels [94,95]. 
Then in way of simplistic introduction in terms of our new operationally completed interpretation of 
quantum theory the ‘mirror image of the mirror image is causally free’ of the underlying uncertain 4D 
quantum state and is accessible by manipulating the resonance hierarchy of our empirical protocol! 
Many physicists have been reluctant to embrace HD or LSXD physics. We suspect success of our 
protocol would ease this philosophical conundrum. 
 In this volume a putative protocol is delineated not for another sophisticated improvement of the 
varied stepwise degrees of reducing the uncertainty relation by the several extant IFM protocols [93]; 
but for completely surmounting the uncertainty relation directly, in a straight forward manner, for any 
and every single action of the experiment with probability, p 1 . In an unexpected way our model has 

similarities to IFM but by using extended theory fully completes the task of uncertainty violation. One 
could say the new noetic UFM protocol turns the IFM methodology upside down and inside out. The 
LSXD regime of the noetic UFM protocol accesses the complete ‘hall of mirrors’ simultaneously 
(ontologically) because the whole battery of IFM interferometers and multiple cycling routines is 
inherent in the conformal scale-invariant mirror symmetry of the LSXD regime, such that only one 
‘measurement’ is required to achieve probability, p 1  when resonance is properly coupled and timed 
with the inherent continuous-state mirror symmetric synchronization backbone beat frequency.  
  The methodology of this new empirical protocol is fully ontological (rather than the usual 
phenomenology of field interactions) because action in the LSXD regime is in causal violation of 
Copenhagen phenomenology not in an Everett ‘many-worlds’ sense but in a manner that extends to 
completion the de Broglie-Bohm-Vigier causal interpretation of quantum theory [50]. In summary the 
ontological basis is realized utilizing the additional degrees of freedom of a unique 12D iteration of M-
Theory along with the key supposition of conformal scale-invariance pertaining to the physicality of 
the dual mirror symmetric state of LSXD quantum information as geometric topology [4,5,44].   
 In Fig. 4.4a the suggestion is that the 3-cube (bottom left) represents the region of a Cavity-QED or 
3D quantum ‘particle in a box’ that through conformal scale-invariance remains physically real when 
the metaphor is carried to 12D where the ‘mirror copy’ becomes like a ‘mirror image of a mirror image’ 
and in that sense, is causally free of the E3 quantum state thereby open to ontological information 
transfer in violation of Copenhagen uncertainty. A 5D hypercube would unfold into a cross of 4D 
hypercubes and so on to 12D.  
 

               
 
Fig. 4.4. a) Left, a 4D hypercube unfolds into a 3D cross of 8 cubes. b) Right. Dimensional reduction cycle from 4D to 1D. 
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 Beyond 4D mirror symmetry adds a complexity in that the unfolding (Fig. 4.4b) has a knot or Dirac 
twist (not shown) that is part of the gating mechanism insulating quantum mechanics from the 3rd regime 
of UFM [5]. In Copenhagen the ‘handcuffs’ are on but during the LSXD cycle the handcuffs are 
periodically off and thus accessible resonantly. 
 
 
4.6. New Physics from Anthropic Cosmology 
 
Issues of the nature of the fundamental cosmological background continue to be debated with disparate 
views jockeying for philosophical supremacy; a scenario remaining tenable because experimental 
avenues for testing physics beyond the standard model have remained elusive until now. For the 
scientific perspective to evolve beyond the usual Copenhagen Interpretation of quantum theory requires 
a new cosmological paradigm. Full delineation of the new cosmology is beyond the scope of this 
volume, but introduced in [4,5,44,71,72]. In summary we axiomatically review pertinent concepts. The 
new noetic UFM cosmology is required to explain, utilize and design experimental access to the UF 
regime where parameters required for UQC and for biophysical-bridging reside.  
 
 The Planck scale can no longer be considered the most fundamental level of reality. Three regimes 

of reality must be addressed: ClassicalQuantumUnified Field; all of which cycle 
continuously [4]. 
 

 No ‘observer’ quantum state reduction exists in the usual sense of wave function collapse [71]; in 
the de Broglie-Bohm and extended Cramer interpretations of quantum theory [49-52] a continuous 
evolution operates instead [4,5,71]. Collapse of the wavefunction reduces a quantum state to a 
classical state, which does not generally happen in the nonlocal flux of qualia as the locus of 
awareness; especially since now more pertinently qualia are not quantum phenomena per se but 
unified field phenomena. Quale interface with the quantum regime as part of the sensory data 
transduction apparatus. 

 
 The Planck scale is not an impenetrable barrier [5,44] even though considered so as an empirical 

fact demonstrated by the quantum uncertainty principle. This is a main problem with utilizing a 
Darwinian Naturalistic Big Bang cosmology originating from a putative singularity in time as the 
basis for cognitive theory. In an anthropic multiverse cosmology utilizing extended quantum theory 
and M-Theory the answer is simply: ‘do something else!’ which opens physical investigation into 
a new UF realm of large scale additional dimensions (LSXD) [5,7,44,89]. The anthropic multiverse 
is closed and finite in time, i.e. the 14.7 billion light year Hubble radius, HR, but open and infinite 
in atemporal eternity [4]. ‘Worlds without number, like grains of sand at the seashore’ [96] the 
multiverse has room for an infinite number of nested Hubble spheres each with their own fine-tuned 
laws of physics [4].  
 

    Fourteen empirical protocols are proposed [97,98] (9 reviewed here) for UQC, demonstrating, 
gaining access to and leading to a variety of experimental platforms for first hand investigation of 
awareness (qualia) breaking down the 1st person 3rd person barrier called for by Nagel [99]. 
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Figure 4.5. a) Conceptualized structure of a Cramer transaction (present state or event) where the present (simplistically) is a 
standing-wave of future-past potential elements. A point is not a rigid singularity (although still discrete) as in the classical 
sense, but has a complex structure like a mini-wormhole where R1 & R2 (like the frets holding the wire of a stringed instrument) 
represent opposite ends of its diameter. b) How observed (virtual) 3D reality arises from the infinite potentia of HD space (like 
a macroscopic transaction). The ‘standing-wave-like’ (retarded-advanced future-past) mirror symmetric elements C4+ / C4- 
(where C4 signifies 4D potentia of complex space distinguished from the realized 3D of visible space) of continuous-state 
spacetime show a central observed Euclidian, E3, Minkowski, M4 space resultant. Least Cosmological Units (LCU) governing 
evolution of the ‘points’ of 3D reality are represented by circles. The Advanced-Retarded future-past 3-cubes in HD space 
guide the evolution of the central cube (our virtual reality) that emerges from elements of HD space. 
 
    String theory only has one parameter, string tension, TS fraught with the dilemma of a Googolplex 
(10googol) or infinite number of vacuum possibilities. Utilizing the Eddington, Dirac, and Wheeler large 
number hypothesis [5] we derived an alternative derivation of TS leading to one unique string vacuum 
and what we call the ‘continuous-state hypothesis’ an alternative to the expansion/inflation parameters 
of Big Bang cosmology [4,5]. Simplistically the perceived inflation energy of Big Bang cosmology 
postulated as a Doppler expansion from a primordial ex nihilo temporal singularity, instead according 
to the UFM noetic continuous-state hypothesis, is localized in an ‘eternal present’ as if in permanent 
‘gravitational free-fall’ [4,5]. Since we are relativistically embedded in and made out of matter this 
condition means that all objects (in our 3D virtual reality) exist (in HD) as if they were in gravitational 
‘free-fall’. This is better explained by two other interpretations of quantum theory generally ignored by 
the physics community because they are myopically considered to add nothing. That of the de Broglie-
Bohm Causal Interpretation [49-51] and the Cramer Transactional Interpretation [52]; where spacetime 
and the matter within it (all matter is made of de Broglie waves) are created-annihilated and recreated 
cyclically over and over as part of the perceived arrow of time and creation of our 3D reality as a 
resultant from HD infinite potentia as a ‘standing-wave’ (Fig. 4.5) [4,5]. 
 

                   
 
Fig. 4.6. Conceptualization of the cosmological Least-Unit (LCU) tessellating space which like quark confinement cannot 
exist alone. a) Current view of a so-called point particle or metric x,y,z vertex. The three large circles are an LCU array slice. 
It is a form of close-packed spheres forming a 3-torus; missing from the illustration are an upper and bottom layer covering 
the x,y,z vertex and completing one fundamental element of an LCU complex. The field lines emanating from one circle to 
another represent the de Broglie-Bohm concept of a quantum ‘pilot wave or potential’ governing evolution. b) Similar to a) 
but drawn with a central ‘Witten string vertex’ [100] and relativistic quantum field potentials (lines) guiding its evolution in 
spacetime. The Witten vertex is not a closed singularity and because of its open structure provides a key element to the 
continuous-state process and rotation of the Riemann sphere cyclically from zero to infinity which represents rotational 
elements of the HD exciplex brane topology. 
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    The problem has to do with the nature of a point or 3D vertex in physical theory [4,100]. What 
extended versions of de Broglie-Bohm and Cramer bring to the table is a basis for defining a 
fundamental ‘point’ that instead of being rigidly fixed classically (Fig. 4.6a) is continuously 
transmutable (Fig. 4.6b) as in string theory. This represents in essence the elevation of the so-called 
wave-particle duality for quanta to a Principle of continuous-state cosmology. What this does is cancel 
the troubling infinites in the standard model of particle physics in a natural way rather than by use of a 
mathematical gimmick called renormalization. We also build the continuous-state hypothesis around 
an object in string theory called the Witten Vertex [100] (Fig. 4.6b after noted M-Theorist David 
Witten). This means that when certain parameters (compactification, dimensional reduction etc.) 
associated with the Riemann sphere reach a zero-point; the Riemann sphere relativistically rotates back 
to infinity and so on continuously (Reminiscent of how water waves operate). The HD branes of so-
called Calabi-Yau mirror symmetry are forms of Riemann 3-spheres or Kahler manifolds [15,46,47]. 
Instead of the insurmountable Plank foam, the gate keeper in this cosmology is an array of least 
cosmological units (LCU) [4,5,71,101] of which part (like the tip of an iceberg) resides in our virtual 
4-space and the other part resides in the HD (12D) regime of a UFM version of M-Theory. These LCU 
exciplex gates govern the continuous-state process in the coherent ordering of matter embedded in a 
localized spacetime manifold (Chap. 4).  
 
4.6.1. Spacetime Exciplex - UF Noeon Mediator 
 
The spacetime exiplex or ‘excited complex’ of least cosmological units (LCU) is key to mediation of 
the UF principles related to the observer. In the usual 4D interpretation of quantum theory limited by 
the uncertainty principle, virtual quanta in the zero point field wink in and out of existence limited to 
the Planck time, 10-43 s. For the noetic UFM spacetime exiplex the situation is radically different. The 
duality of its HD structure (i.e. living in both local 4-space and nonlocal 8-space) allows it to remain in 
an excited state in 4-space never fully coupling with the Planck-scale ground state. This holophote 
interaction is a noeon flux (exchange unit of the UF) into every point (and thus atom) in spacetime (also 
animating living systems) by interaction with neural dendrons etc. for example as the flow of qualia as 
a form of superradiance into the brain. 
  Kowalski discovered that photon emission occurs only after electrons complete full Bohr orbits 
[102,103]. We apply this as a general principle for emission during rotation of the complex Calabi-Yau 
Riemann sphere which acts like a pinwheel-like scoop bringing in the next topologically switched 
hysteresis loop of semi-quantum interaction energy. 
    The exciplex concept as defined in engineering parlance is an ‘excited complex’ or form of excimer 
- short for excited dimer in chemistry nomenclature used to describe an excited, transient, combined 
state, of two different atomic species (like XeCl) that dissociate back into the constituent atoms rather 
than reversion to some ground state after photon emission. An excimer is a short-lived dimeric or 
heterodimeric molecule formed from two species, at least one of which is in an electronic excited state. 
Excimers are often diatomic and are formed between two atoms or molecules that would not bond if 
both were in the ground state. The lifetime of an excimer is very short, on the order of nanoseconds. 
Binding a larger number of excited atoms form Rydberg clusters extending the lifetime which can 
exceed many seconds.  

An Exciplex is also defined as an electronically excited complex, ‘non-bonding’ in the ground state. 
For example, a complex formed by the interaction of an excited molecular entity with a ground state 
counterpart of a different structure. When it hits ground a photon or quasiparticle soliton is emitted. In 
Noetic UFM Cosmology we have adapted the exciplex concept as a tool to describe the LCU gating 
mechanism between the quantum regime and the regime of the UF. The exciplex LCU gate is key to 
understanding interaction of the physical mind of the observer and the basis for developing empirical 
tests. The general equations for a putative spacetime exciplex are:  
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where as seen in Fig. 4.7a, G is the ZPF ground state, Z intermediate cavity excited states and X the 
spacetime C-QED (Cavity-Quantum Electrodynamics) exciplex coupling. The numerous 
configurations plus the large variety of photon frequencies absorbed allow for a full absorption-
emission equilibrium spectrum. We believe the spacetime exciplex model also has sufficient parameters 
to allow for the spontaneous emission of protons by a process similar to the photoelectric effect but 
from HD spacetime C-QED brane spallation rather than from a charged metallic surface. Not having a 
sufficient spacetime vacuum proton creation mechanism led to the downfall of Steady-State cosmology.  
    The new UF basis centers on defining what is called a Least Cosmological Unit (LCU) [4,5,101] 
tessellating the spacetime backcloth. An LCU (Figs. 4.6,4.7) conceptually parallels the unit cell that 
builds up crystal structure. The LCU entails the next evolutionary step for the basis of a point particle 
and has two main functions; it is the raster from which matter arises, and is a central mechanism that 
mediates the syntropic gating for physics of the observer parameters of the UF. Syntropy is the 
negentropy process of expelling entropy by the teleological action of quantum biosystems. 
 

      
 

Fig. 4.7a) The geometry of the ‘spacetime exciplex’ (excited complex), a configuration of spacetime LCUs that act like a 
holophote laser pumping mechanism of UF noeon energy and also how coherence of the UF interacts with 3D compactified 
states. Locally the exciplex acts like an oscillating ‘cootie catcher’ [104]. b) Geometric representation of the Noetic Unified 
Field Equation, 

( ) /NF   for an array of cosmological LCUs. Solid lines represent extension, dotted lines field. Where 

F(N) is the anthropic or coherent force of the UF driving self-organization, total energy,  equals the c) hysteresis loop energy 
of the hypervolume,  is the scale-invariant rotational radius of the action and the domain wall (curves) string tension,

0T . 

 
    The LCU change from the current concept of a fixed Planck scale point (Fig. 4.6a) to what is called 
a Witten string vertex [100] (Fig. 4.6b) is a form of Riemann sphere (model of the extended complex-
plane with points at zero and infinity for stereographic projection to the Euclidean plane) cyclically 
opening into the LSXD regime of the UF. Behind the current view of   (Planck’s constant) as a barrier 
of stochastic foam is a coherent topology with the symmetry of a spin raster comprised of LCUs [4]. 
 
4.6.2. Quantum Phenomenology Versus Noetic UFM Field Ontology 
 
There is a major conceptual change from Quantum Mechanics to Unified Field Mechanics (UFM). The 
‘energy’ of the UF is not quantized and thus is radically different from other known fields. Here is what 
troubled Nobelist Richard Feynman: "...maybe nature is trying to tell us something new here, maybe we 
should not try to quantize gravity... Is it possible that gravity is not quantized and all the rest of the 
world is?" [105]. It turns out that not only is gravity not quantized but neither is the UFM coherent 
noeon energy of the UF which is a step deeper than gravity. 
   Here is one way to explain it. In a usual field like electromagnetism, easiest for us to understand 



Richard L Amoroso – Fundaments of Quantum Computing 
 

88 
 

because we have the most experience with it, field lines connect to adjacent point charges. The quanta 
of the fields force is exchanged along those field lines (in this case photons). We perceive this as 
occurring in 4-space (4D). It is phenomenological. This is the phenomenon of fields. For topological 
charge as in the UF with properties related to consciousness; the situation is vastly different. The fields 
are still coupled and there is tension between them but no phenomenological energy (i.e. field quanta) 
is exchanged. This is the situation in the ontological case. The adjacent branes ‘become’ each other as 
they overlap by a process called ‘topological switching’. This is not possible for the 4-space field 
because they are quantized resultants of the HD topological field components. The HD ‘units’ (noeons) 
are free to ‘mix’ ontologically (ambiguous Necker cube vertices) as they are not resolved into points. 
 

   
 

Fig. 4.4. a) 2D view of the LCU tiling of the spacetime backcloth (Fig. 4.6). b) Projective geometry topologically giving rise 
to HD (here the Fig. 4.8a 2D view extended to 3D). The triangles with tails represent trefoil knots and the naked triangles the 
resultant cyclic point or fermionic vertex quantum state in 3-space (Spheres in Fig. 4.7a,b). 
 
   The metric still has points, or it might be better to say coordinates; but in HD super space they are 
unrestricted and free to interact by topological switching which is not the case for an ‘event’ in 4-space. 
Whereas this singular quality (basis of our perceived reality) does not exist in the HD regime (UF) of 
infinite potentia! So if the UF is not quantized how can there be a force which is mediated by the 
exchange of energy? Firstly, the UF does not provide a 5th force as one might initially assume; instead 
the ontological ‘presence’ of the UF provides a ‘force of coherence’ which is based on ‘topological 
charge’. It helps to consider this in terms of perception. If one looks along parallel railroad tracks they 
recede into a point in the distance, a property of time and space. For the unitary evolution of the mind 
of the observer [71] this would break the requirement of coherence. For the UF which is outside of local 
time and space, a cyclical restoring force is applied to our res extensa putting it in a res cogitans mode. 
The exciplex mechanism [4] guides rotation of the Witten vertex Riemann spheres to maintain a 
consistent level of periodic coherence (parallelism). It is a relativistic UF process. The railroad tracks 
do not recede into a point, but it is not observed because the Riemann sphere flips (our perception) by 
subtractive interference beforehand. 
 

 
Fig. 4.9. Complex HD Calabi-Yau mirror symmetric 3-forms, C4 become embedded in Minkowski space, M4 and the UF energy 
of this resultant is projected into localized matter as a continuous stream of evolving (evanescing) Bohmian explicate order. 
This represents the lower portion only that embeds in local spacetime; there is an additional duality above this projection 
embedded in the infinite potentia of the UF from which it arises. 
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    The UF provides an inherent force of coherence just by its cyclical presence (perhaps a form of 
superradiance). This means that it is ontological in its propagation of information or ‘interaction’. The 
railroad tracks remain parallel and do not recede to a point as (perceived) in the 3D phenomenological 
realm where forces are mediated by a quantal energy exchange. Another way of looking at this is that 
the 3D observer can only look at one page of a book at a time while the HD observer (omniscient) can 
see all pages continuously. The LCU space-time exciplex is a mechanism allowing both worlds to 
interact locally-nonlocally. 
    Most are familiar with the ambiguous 3D Necker cube (center of Fig. 4.4a bottom is like a Necker 
cube) that when stared at central vertices topologically reverse. This is called topological switching 
[75]. There is another paper child's toy called a ‘cootie catcher’ [104] that fits over the fingers and can 
switch positions. What the cootie catcher has over the Necker cube is that it has an easier to visualize a 
defined center or vertex switching point. So in the LCU Exciplex spacetime background we have this 
topological switching which represents the frame that houses the gate which is the lighthouse holophote 
with the rotating light on top.  
 

 
 
Fig. 4.10. Locus of nonlocal HD mirror symmetric Calabi-Yau 3-tori (here technically depicted as quaternionic trefoil knots) 
spinning relativistically and evolving in time. Nodes in the cycle are sometimes chaotic and sometimes periodically couple into 
resultant (faces of a cube) quantum states in 3-space depicted in the diagram as Riemann Bloch spheres, possibly indicative of 
the emergence of observed 3D reality. An animated version of Fig.4.9. 
  
 Now inside the structure there is also a ‘baton passing’. The baton is like the lens that the light shines 
through but only at the moment of transfer (or coupling). In the HD UF regime the ‘light’ is always on 
omni-directionally but only ‘shines’ into 3-space when the gate is open during the moment of baton 
passing. In addition to baton passing there is also a form of ‘leap-frogging’. The leap-frogging 
represents wave-particle duality (remember we elevated it to a principle of cosmology). The leaping 
moment represents the wave, and the crouched person being leapt over is the particulate moment. The 
particle moment acts like a domain wall and no noeon light passes when its orientation is aligned 
towards the 3-D world resultant. This is also an important aspect of the gating mechanism. This is of 
course a relativistic process such that the ‘beat frequency’ giving rise to the arrow of time as a 
continuous LCU creation-annihilation cycle. 
    The trefoil knot, drawn as Planck-scale quaternion vertices in Fig. 4.10, is holomorphic to the circle. 
Since energy is conserved we may ignore the complexity of the HD symmetries and use the area of the 
circle for the noeon hysteresis loop (Fig. 4.7c), in this case a 2D resultant as a 2-sphere quantum state 
as the coupling area of one LCU complex coupled to a HD noeon brane array. This idea is further 
conceptualized in Fig. 4.8 illustrating how a 3D object emerges from close-packed spacetime LCUs.  
 
 
4.7. The Basement of Reality - Through the Glass Ceiling 
 
The anyon braid is topologically protected from decoherence but seemingly doubly inaccessible by the 
uncertainty principle. Few yet understand why UQC cannot be done from within the confines of the 4D 
standard model. The full power of quantum entanglement only comes to bear with access to the 
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holographic properties of non-locality. Not as utilized now by parametric down conversion of a pair of 
EPR photons (points) embedded in spacetime. Many now realize space-time is emergent – not 
fundamental. So we want to gain access to a more fundamental arena, which is the HD regime of UFM. 
We need to Gödelize beyond quantum mechanics in the same way we Gödelized beyond classical 
mechanics; which we know everything about because of this transition. Gödelizng QM will give us full 
access to all that is quantum readily facilitating UQC. By Gödelizng, we mean going beyond the limits 
of the domain under study. Generalizing philosophically what Gödel said, ‘a thing cannot be understood 
in terms of itself’. 
 Let’s try to understand how to Gödelize beyond the Standard Model. Firstly, the world we observe 
is an asymptotically flat Euclidean 3-space of infinite size dimensionality. Current thinking suggests 
this reality has a ‘basement’; a fixed Zero-Point Field (ZPF) stochastic barrier or ‘quantum foam’ with 
zitterbewegung virtual particles winking in and out of existence for the Planck time, tP. The Planck time, 

5
Pt G c   445.39106 10 s  represents the duration required for light to travel a distance of one 

Planck length (lP = 3 331.61619 10 cmG c   ), where,   is the reduced Planck constant, G the 

gravitational constant, c the speed of light in vacuum and s the second. Quantum field theory covers 
aspects of both special relativity and quantum theory,   sets the scale at which the uncertainty principle 
applies. In quantum theory   appears in the commutation relation between momentum, p and 
position, q of a particle: pq - qp = - i  , and similar commutation relations involving other 
complementary pairs of measurable quantities. Because our ability to measure two quantities 
simultaneously with complete precision is limited by their inability to commute,   quantifies 
uncertainty for simultaneous measurement of all quantum properties! 

If LSXD are shown to exist, the Planck length would have no fundamental physical significance. 
In string theory, the Planck length is claimed to be the mathematical order of magnitude of the 
oscillating strings that form elementary particles. The string scale ls is related to the Planck scale by 

1/4
P s sg l ,  where gs is the string coupling constant, which in actuality is not constant, but depends on 

the value of a volume factor when the size of XD is allowed to vary. Any physical calculation predicting 
length using only the constants , G and  must include the Planck length, possibly multiplied by a 
usually considered unimportant numerical factor like 2 . But these arguments are far from being 
settled; it may be, and this is our conjecture, that a numerical factor like 2 might be very important 
and take a value that is very large or very small [26]. If   has physical significance (beyond its current 
use as a mathematical tool) it would apply to compactified black hole material.  

How does this correlate the concept of a photon as a traveling wave along a 2D surface projecting 
at right angles to the direction of propagation with a photon with a particulate radius limiting the slit 
diameter it is able to pass through to ~ 10-9 cm? These are unsettled issues in both the basis of quantum 
field theory itself and measurement theory. What we are getting at is that the uncertainty principle is 
hiding an inherent backcloth of cyclic bumps and holes in the Dirac polarized backcloth [4]. 

 

 
 
TABLE 4.1. Standard Hypervolume values for increasing n-dimensionality and radius, r of a unit sphere or n-ball equal to 1. 
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 We have postulated a Manifold of Uncertainty (MOU) with a finite dimensional radius somewhat 
aligned with what string theory calls T-Duality [3-5]. For preliminarily predictions we could calculate 
hyperspherical volume or surface area of 2D-5D MOU (Fig. 4.11). The general n-volume equation is  
 

 2 2( , ) / 1nn nV n r r                                (4.8) 

 

where Vn,r is volume per number of dimensions, n of radius r and a factorial constant. These n-volume 
equations relate to volumetric properties of the MOU for calculating an HD C-QED volume hierarchy 
for predicting new Tight-Bound State (TBS) spectral lines in hydrogen [31,35]. If LSXD exist, 
degeneracy would occur at the limit of r discovered in the same manner the outermost energy level of an 
atom is detected when an outer electron acquires sufficient energy to escape to infinity.   
    

 
    

Fig. 4.11. Proposed 5/6D Manifold of Uncertainty (MOU) ‘guarding the door to LSXD. Dimensional suppressed planar views 
of quaternion vertices.   
 

As shown in Fig. 4.11 we postulate existence of a ‘semi-quantum limit’ MOU 5D with the 6thD being 
degenerate (like the outermost atomic electron radius where the outer electron can escape to infinity when 
acquiring sufficient energy). We assume a 6D MOU based on an M-Theoretic Calabi-Yau dual 3-torus 
[3]. This is a 12D model with 6 spatial, 3 temporal and 3 super-quantum potential-like control parameters 
of the unified field. But because we don’t fully understand how to close-pack the LCU array tessellating 
spacetime we do not have much rigor yet [87,88]. 
 
 
4.8. Empirical Tests of UFM Cosmology Summarized 
 
Viable experimentation will lead to new UFM research platforms for studying fundamental syntropic 
properties of quantum systems. We have proposed fourteen tests of UFM; in this chapter we summarize 
the main experimental protocol to test the for the UFM noeon, Tight-Bound States (TBS) in hydrogen 
and the teleological ‘life-principle’ hypotheses. Note: Not all of the experiments relate directly to 
mediation of the UF  noeon, but all of the experiments manipulate the new physical regime of the UF or 
importantly mediate the ‘gating mechanism’ by which access is gained to the 3rd regime of reality, thus 
facilitating mind-body research in addition to M-Theory, UQC and nuclear physics.   



Richard L Amoroso – Fundaments of Quantum Computing 
 

92 
 

 
 
Fig. 4.12. Completion of Figs. 4.9 & 4.10 illustrating full extension to an HD ontological-phase topological field in continuous-
state dual Calabi-Yau mirror symmetric UFM cosmology with Dodecahedral involute properties, as well as the continuous-
state exciplex ‘hysteresis loop’ of noeon injection (not shown) as far as currently understood. The Bloch 2-sphere 
representation is also replaced with an extended Riemann 4-sphere resultant with sufficient parameters to surmount the 
uncertainty principle representing a unique M-Theoretic model of 'Continuous-State' UF dynamics as it relates to UFM and its 
putative exchange quanta of the UF - the noeon. 
 
 The 3-cube embedded in the dodecahedron (top of Fig. 812) represents what we term the ‘mirror 
image of the mirror image’ enfolding a scale-invariant ‘causally free’ copy of the Euclidean 3-space 
quantum ‘particle in a box’, accessible under a precise protocol surmounting uncertainty. 
 
 4.8.1 Summary of Experimental Protocols 
 
If experimentation proves viable a new class of UQC biophysical research platform for studying 
fundamental properties of the spacetime vacuum as it relates to long-range coherence in living systems. 
We summarize eight derivatives of the main experimental protocol to test the LSXD continuous-state 
Long-Range Coherence hypotheses:  
 
1. Basic Experiment - Fundamental test that the concatenation of new OPTFT UF principles is 

theoretically sound. A laser oscillated rf-pulsed vacuum resonance hierarchy is set up to interfere 
with the periodic (continuous-state) structure of the inherent ‘beat frequency’ of a covariant Dirac 
polarized spacetime vacuum exciplex to detect the new coherence principle associated with a 
cyclical holophote entry of the UF into 4-space. This experiment ‘pokes a hole in spacetime’ in order 
to bring the energy of the UF into a detector. The remaining protocols are variations of the parameters 
of this experiment.  

2. Bulk Quantum Computing - Utilizing protocol (1) Bulk Scalable UQC can be achieved by 
superseding the quantum uncertainty principle. (see [31,35,87,88,97,98] for details) Programming 
and data I/O are performed without decoherence by utilizing the inherent mirror symmetry properties 
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that act like a ‘synchronization backbone’ [4,] whereby ‘LSXD copies’ of the local 3-space quantum 
state are causally free (measureable without decoherence) at specific resonance nodes in the 
continuous-state conformal Calabi-Yau symmetry cycle hierarchy. 

3. Protein Conformation - (similar to discussion in [13]). Utilizing more macroscopic aspects of 
protocols (1 & 2) dual Hadamard quantum logic gates are set as a Cavity-QED spacetime cellular 
automata [4,27] experiment to facilitate conformational propagation in the prion protein from normal 
cellular form, PrPC to the pathological, PrPSc form by noeon bombardment with the ’force of 
coherence’ of the UF. 

4. Manipulating a special case of the Lorentz Transformation [72] - Aspects of a spacetime exciplex 
model [4] in terms of restrictions imposed by Cramer’s Transactional Interpretation [52] on mirror 
symmetry can be used for the putative detection of virtual tachyon-tardyon interactions in 
zitterbewegun [37]. 

5. Extended Quantum Theory - Test of causal properties of de Broglie-Bohm-Vigier quantum theory 
by utility of the UF holophote effect (protocol 1 parameters) as a ‘super quantum potential’ to 
summate by constructive interference the density of de Broglie matter waves [4]. 

6. Coherent Control of Quantum Phase - Additional test of the de Broglie-Bohm interpretation for 
existence of a nonlocal ‘pilot wave - quantum potential’ for manipulating the phase ‘space 
quantization’ in the double slit experiment by controlling which slit quanta passes through. 
Application to quantum measurement and transistor lithography refinement. 

7. Manipulating Spacetime LCU Structure - (similar to protocol 6) Test of conformal scale-invariant 
properties of the putative Dirac conformal polarized vacuum, a possible ‘continuous-state’ property 
related to an arrow of time [4,21,34] (Also similar to basic experiment, but more advanced). 

8. Testing for and Manipulating Tight Bound States (TBS) - (similar to protocol 4) Vigier [31,35] has 
proposed TBS below the 1st Bohr orbit in the Hydrogen atom. Utilizing tenets of the original 
hadronic form of string theory [4] such as a variable string tension, TS where the Planck constant,   
is replaced with a version of the original Stoney, [4], where   is an asymptote never reached, 
instead oscillating from virtual Planck to the Larmor radius of the hydrogen atom, i.e. the so-called 
Planck scale is a restriction imposed by the limitations of the Copenhagen Interpretation and is not 
a fundamental physical barrier. LSXD exist putatively behind the barrier of uncertainty and the 
oscillation of the Planck constant is part of the exciplex gating mechanism [4]. Utilizing ontological-
phase topological field theory (OPTFT) at the moment of spin-spin coupling or spin-orbit coupling 
an rf-pulse is kicked at various nodes harmonically set to coincide with putative phases in the cycle 
between local and LSXD cavity TBS properties. [4,31,35]  

9. Test for the noetic Unique String Vacuum - Until now the structure of matter has been explored by 
building ever bigger supercolliders like the CERN LHC. If the LSXD access model in terms of a 
Dirac covariant polarized energy dependent vacuum proves correct utilizing the inherent conformal 
scale-invariant mirror symmetry properties of de Broglie matter waves will allow examining various 
cross sections in the structure of matter in symmetry interactions during cyclic continuous-state 
future-past annihilation-creation modes of matter in the LCU tessellated spacetime metric without 
the need for supercolliders. 

 
There are a number of very specific postulated cosmological properties required in order to perform 
these experiments [4,5,44]. 
 
4.8.2. Review of Key Experimental Details 
 
To empirically gain access to the UF, regime one must pass through the so-called Planck scale stochastic 
barrier. In order to do this one must violate the heretofore sacrosanct quantum uncertainty principle. 
Since by definition the standard methods of quantum theory produce the uncertainty principle; the 
simple solution is to do something else! Because of the great success of gauge theory physicists have 
ignored the existence of a covariant Dirac polarized vacuum because they believe its existence would 
violate gauge principles. The methods of gauge theory however are only an approximation suggesting 
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that there is additional new physics. Next we outline the general method for accessing the HD 
superspace of the UF. Technical details can be found in references [4,87,88]. 
 

    
 
Fig. 4.13. The Dirac polarized vacuum has hyperspherical symmetry. a) Top left, metaphor for TI standing-wave present 
showing future-past elements,

1 2,R R , eleven of twelve dimensions suppressed for simplicity. b) Bottom left, top view of a) 2D 

spherical standing-wave; c) Bottom left, right portion, manipulating the relative quantum/brane phase of oscillations creates 
nodes of destructive and constructive interference for incursive oscillation. d) Right, Four numerical simulations of the phase 
space trajectory of the Dubois superposed incursive oscillator.  
 

The Dubois superposed incursive oscillator based on coordinates and velocities takes the form: 
 

                       1 / 2[ (1) (2)]n n nx x x  ,   1/ 2[ (1) (2)]n n nv v v           (4.9) 

 
And is shown in Fig. 4.13 (right) for values of t   equal to 0.1, 0.5, 1.0 and 1.5. Initial 

conditions are 
0 0 01, 0 & 0      with total simulation time 8t    . Figure 4.13b adapted from 

[106-110]. 
    Postulates introduced in this chapter are utilized; in general, the de Broglie-Bohm, ontological and 
Cramer, TI interpretations of quantum theory, the Dirac polarized vacuum, the Sagnac affect [4,49-
55,111], the unique string vacuum derived from UFM cosmology and the special class of Calabi-Yau 
mirror symmetry conditions. 
 

    
 

Fig. 4.14. a) Design elements of the Noetic Interferometer postulated to constructively-destructively interfere with the topology 
of the spacetime manifold to manipulate the unified field. The first three tiers set the stage for the critically important 4th tier 
which by way of an incursive oscillator ‘punches a hole’ in the fabric of spacetime creating a holophote or lighthouse effect 
of the UF into the experimental apparatus momentarily missing its usual coupling node into an atom or biophysical system. b) 
Conceptualized Witten vertex Riemann sphere cavity-QED multi-level Sagnac effect interferometer designed to ‘penetrate’ 
space-time to emit the ‘noeon wave,  ’ of the unified field. Experimental access to vacuum structure or for surmounting the 
uncertainty principle can be done by two similar methods. One is to utilize an atomic resonance hierarchy and the other a 
spacetime resonance hierarchy. The spheroid is a 2D representation of a HD complex Riemann sphere complex able to spin-
flip from zero to infinity continuously.    
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     It is important to recall one of our main proposals concerning the wave structure of matter and that 
emergent spacetime is created, annihilated and recreated continuously. If one throws a stone in a pool 
of water concentric ripples occur. If one drops two stones into the water, regions of constructive and 
destructive interference occur. This is essentially how our resonant hierarchy operates as shown in Fig. 
4.14b. The basic idea of the radio frequency or rf-modulated resonance hierarchy is as follows: in the 
first tier (Fig. 4.14a) a radio frequency is chosen to oscillate the electrons in the atom or molecule used 
in such a way that the nucleons will resonate. This is related to the principles of nuclear magnetic 
resonance (NMR). This couples electrons to the magnetic moment of the nucleons in tier 2. By the 
principles of relativistic quantum field theory (RQFT) tiers one and two undergo resonant coupling to 
the beat frequency of the fabric of space-time. The multitier cumulative interaction of tiers 1, 2 and 3 
by application of the incursive oscillator can be set to destructively or constructively interfere with the 
annihilation or creation operators of space-time.  
 

         
   

           
 
Fig. 4.15. a) Geometric topology of Noetic Field Equation

( ) /NF  acting as a holophote (rotating lighthouse beacon) 

gating mechanism for entry of the nonlocal HD UF into local M4-E3 3(4)-space. a) Wave-particle-duality is elevated to a 

principle of cosmology such that the solid bar, R1-R2 at one moment transforms to the dotted bar,  at the next in a continuous 
relativistic wave-particle cycle with t the arrow of time. Fluctuating string tension, TS (curves) helps drive the oscillation. b) 
UF Hysteresis Loop. Point A is a Zero-point where the driving field reverses and increases. Point B is where the driving field 
drops but still retains considerable charge as a UF force of coherence related to the life-principle and quale. c) Noeon spacetime 
coupling to LCU tessellating space. d) Overlap of hysteresis loop with noeon coherent force spacetime interaction.    
 

A final essential component of the vacuum interferometer is called an incursive oscillator [106-110] 
which acts as a feedback loop on the arrow of time [21,34]. Parameters of the Dubois incursive oscillator 
are also required for aligning the interferometer hierarchy with the beat frequency of spacetime by 

( ) ( )x t t v t t  . Critically the size of t correlates with the bandwidth of the ‘hole’ to be punched 

in spacetime which also correlates with the wavelength,   of the rf-resonance pulse.  
Hysteresis is an important part of understanding how to quantify the topological charge with a unit 

of energy measure because it relates not to residual magnetization as in common usage but to the 
residual UF noeon charge. When the driving force drops to zero, the material retains considerable 
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charge (coherence) for a period. The driving (noen) field must be continuously reversed and increased 
(holophote action) driving the charge to zero again. A Hysteresis Loop is a history dependence of a 
material (atom) at saturation (driven to). When the field is removed some retention occurs for a period 
of time. As noeon input alternately increases and decreases, hysteresis is the loop that the output 
forms (Fig. 4.15). A simple form of hysteresis is the lag-time between input (filling) and output 
(draining). An example of hysteresis is sinusoidal or harmonic input X(t) and output Y(t) separated by 
a phase lag,  : 

0( ) sin ;X t X t ; 0( ) ( )Y t Y t   this is the principle of hysteresis [11] - switching 

cycles that retain considerable charge (coherence in the case of the UF LCU noeon cycle. 
In the current understanding of quantum cosmology where the Planck scale is the ‘basement of 

reality’ [4] there is a stochastic Zero Point Field (ZPF) where virtual quantum particles wink in and out 
of existence with a half-life of the Planck time. This is considered an impenetrable barrier imposed by 
the Uncertainty Principle. UFM has sufficient degrees of freedom to surmount uncertainty and allow a 
cyclic or harmonic emergence of the noeon into localized matter. This holophote mechanism can be 
metaphorically described as an Exciplex (Fig. 4.7a). In an exciplex (short for excited complex) 
heteronuclear molecules or molecules having more than two species are exciplex molecules that are 
often diatomic and composed of two atoms or molecules that would not bond if both were in the ground 
state - An Exciplex is a complex existing in an excited state that dissociates in the ground state.  
 
 
4.9. Unified Field Mechanical (UFM) Précis - Required Parameters 
 
Most physicists believe a UF theory (coined by Einstein) should be a quantum theory uniting the four 
fundamental interactions; but there is no a priori reason this should be the case and many physicists in 
recent decades transferred the search to an 11D M-Theoretic (4D + 2D to 6D) brane world instead of 
the original 1D string) regime. The 11th dimension in M-Theory unites the five forms of string theory; 
and the 12th dimension of noetic UFM cosmology (OPTFT) introduces the coherent action of the UF. 
Classical Mechanics describes an event between two coordinate systems by what is called the Galilean 
transformation for uniform motion at velocities less than the speed of light in 3D Euclidean space.  
 Quantum mechanical events with relativistic velocities are described by the Lorentz-Poincairé group 
of transformations in 4D Einstein-Minkowski spacetime. To cross the manifold of uncertainty, noetic 
cosmology utilizes an extension of M-Theory requiring a new 12D set of transformations called the 
Noetic or UFM Transform [4] (provides actual bridge between the 2nd and 3rd regimes of reality) because 
it includes properties of inherent UFM principles in a ‘sea’ of infinite potentia simplistically like the 
entangled alive-dead quantum state of Schrödinger’s cat before realized local events occur and from 
which 4D reality of the observer cyclically emerges as nilpotent resultants (Figs. 4.9, 4.10). Norm zero 
nilpotency - technically meaning ‘sums to zero’ [111]. 
 The key ingredients the HD regime of UFM provides for surmounting uncertainty and solving the 
observer or mind-body problem are:  
 
1) Sufficient additional degrees of freedom to surmount the Uncertainty   Principle,  
2) an exciplex gating mechanism to allow UF entry into 4-space [4],  
3) Ontological UFM ‘Force of Coherence’ mediated by noeon topology and  
4) Ability to define new physical unit of measure called the noeon to quantify mental energy [97,98]. 
5) Matter is not only a 3(4)D Euclidean/Minkowski substance; but an nD (12) nonlocal topological 

space, with a local manifold (shadow) homeomorphic to Euclidean space near each 3D point.   
  
 The force of coherence is described by the UFM Field Equation, 

( ) /NF   defining how to 

manipulate the topological charge of the Exciplex gate to perform UFM experiments. Since noeon flux 
is like a holophote, hysteresis loops can quantify the energy and duration of the coherence period 
applicable to a C-QED volume or surface area. This energy transfers information instantaneously as 
observed by the EPR experiment; presenting duality between our temporal 3-space and the atemporal 
unity of the UFM regime. 
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Fig. 4.16. a) Solitary triune LCU complex ‘component’ with a Whitten string vertex in 3-space represented by central x,x,z 
parallel lines; The 3 circles are super quantum potential field components coherently controlling the evolution of a local 
fermionic vertex with field lines of the UF. b) Possible ways to close-pack LCU arrays in spacetime tessellations. 
 
 
4.10. Formalizing the Noeon, New Physical Unit Quantifying UFM Energy 
 
Defining ‘noeon’ energy as a unit of physical measure helps formulate a comprehensive empirically 
testable UFM science. The Einstein, another physical unit of energy measure, named in honor of Albert 
Einstein for his explanation of the photoelectric effect in terms of light quanta (photons) bears 
conceptual similarity; thus our starting point.  
 The Einstein measures the power of em-radiation in photosynthesis where one Einstein represents 
one mole (Avogadro’s number) of photons (6.02 x 1023). In general physics the energy of n-photons is 

( / )E n n c    where   is Planck’s constant and   frequency. The second part of the equation is 
energy in terms of wavelength,   (in nanometers, nm) and speed of light, c. Adaptation of this photon 
energy equation to measure Einsteins is similar, 

0E N    0 ( / )N c   where energy of 
0N  photons 

is instead in Einsteins, E. In photometrics the measure used is one microeinstein per second per m2, 
where one microeinstein, uE is one-millionth of an Einstein (6.02 x 1017) photons imping leaf area.  
 We create a similar unit of measure to quantify noeon energy of the UF. The same unit can be applied 
to mental energy quantifying the mind of the observer (quale in terms of the Eccles’ Psychon) as one 
mole (Avogadro’s number) of ‘noeons’. Forces of the four known phenomenological fields 
(electromagnetic, strong, weak and gravitational) have exchange quanta mediating field interactions by 
energy exchange. For em the exchange quanta is the photon. This quantal mediation has been 
experimentally verified for all fields except gravity because the graviton has not been discovered; and 
according to UFM is not expected to be, as the regime of unification is not quantum but instead 
correlates with ontological parameters of 3rd regime UFM [4,105]. 
 Hypervolume charge in HD Calabi-Yau brane topology is complex and difficult to calculate at this 
stage of theoretical development. Since energy is conserved let’s ignore this complexity and simply use 
area of the circle, or in this case resultant continuous rotations of two circles as a 2-sphere quantum 
state or perhaps better as a 3-torus as the noeon coupling area to one LCU complex. In considering 
noeon energy measure it seems easier to calculate nonlocal brane area of the spacetime exciplex (gating 
mechanism for passage of UF energy, Fig. 4.7a) rather than the volume or surface area of atoms which 
is unknown in this respect. Recall the surface area of small intestinal villi is about 4500 m2 ~area of a 
football field. We will not calculate here but leave for later publication since we still struggle with 
conceptual problems relating to the geometric-topology of noeon interaction coherence. The de Broglie-
Bohm interpretation entails nonlocal pilot-waves or quantum-potentials guiding evolution of 
wavefunctions ontologically. This concept was not very successful in 4D, but when carried to Large-
Scale Additional Dimensions (LSXD) [44] it works elegantly and the pilot-wave-quantum potential 
becomes a ‘Super Quantum Potential’ synonymous with coherent UF aspects in an arena seemingly 
corresponding to Bohm’s super-implicate order.         
  More noeon-LCU theory: A torus is generated by rotating a circle about an extended line in its 
plane where the circles become a continuous ring. According to the torus equation,
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  2
2 2 2 2x y R z r      

, where r is the radius of the rotating circle and R the distance between the 

center of the circle and axis of rotation. Torus volume is 2 22 Rr  and surface area is 24 Rr . In this 

Cartesian formula the z axis is the axis of rotation. We apply this to the holophote action of noeon 
exciplex flux with a hysteresis loop. In atomic theory electron charged particle spherical domains fill 
toroidal volumes of atomic orbits by their wave motion. If a photon of specific quanta is emitted while 
an electron is resident in an upper (UF domain) more excited Bohr orbit, the orbit radius drops back 
down to the next lower energy level decreasing volume of the torus in the emission process (noeon-
psychon exciplex hysteresis loop maintaining a periodic syntropic force of coherence).  
    Summarizing pertinent aspects of noeon-LCU cosmology:  
 

 Nature of point particles or singularities in physics has long been debated. In Noetic Cosmology 
it becomes a continuous Witten vertex [100] (Central x,y,z parallel lines, Fig. 4.16a). 

 Energyless interaction of the UF occurs by ‘topological switching’. Metaphorically like what 
happens by staring at an ambiguous Necker cube as the vertices ontologically oscillate back 
and forth. Like the exciplex gate in noetic cosmology [4].  

 Like the Einstein, the noeon defines a measure of one mole of noeons, purported to be the 
topological exchange complex of the UF providing the force of coherence that forms local 
material. 

 
      Using the noetic field equation,

( ) /NF   (Fig. 4.15a) we could calculate the energy of the 

noeon field from its spacetime hysteresis loop (Fig. 4.15b,c). This is a practical and conceptual 
challenge currently hard to meet. Imagine a helicopter like those used to put out forest fires carrying a 
bucket of water retrieved from a nearby lake (UF). The volume of that bucket is known. So it is infinitely 
easier to work with the volume of the helicopter water bucket than to try to measure the surface area of 
trees and other objects on the ground. Until the experiment is performed; we could approximate the 
volume of the helicopter bucket with the energy of one LCU complex from parameters of Tbl. 4.1. As 
shown in Fig. 4.11 we are postulating that the Manifold of Uncertainty (MOU) has from 2D to 5D with 
either the 3rd or 6thD being degenerate (like atomic radius where an outer electron flies off to infinity). 
We don’t know yet if the MOU is 3D or 6D because we don’t fully understand how to close-pack the 
LCU array tessellating spacetime (Fig. 4.16). This model is compatible with M-Theoretic Calabi-Yau 
dual 3-tori [3,46,47]; but our theory cannot fully predict this until we know how many space-antispace 
doublings are required in LCU packing [112]. We discovered that a complex quaternion Clifford 
algebra can perform this task but our team hasn’t finished developing the equations at time of writing. 
 When first considering the noeon as a new unit of measure a correlation with an Avogadro's number 
of noeons entering the picture wasn’t considered. Can we correlate helicopter buckets of UF  brane 
topology with the volume or surface area of an array of LCUs modulating energy of coherence entering 
local spacetime? Yes, but we defer the calculation until we have more maths or perform the experiment 
[31]. The exciplex LCU gate transforms continuously through HD M-Theoretic brane topology with 
cyclic compactification modes [4] until reaching a 4D ‘standing-wave’ [52,111] Minkowski spacetime 
of the standard model. Observed virtual reality, a gated domain-wall for entry of UF noeon energy 
pervading all spacetime and matter is mediated by a new set of transformations beyond the Galilean-
Lorentz-Poincairé. Named the UFM Transform in deference to the anthropic multiverse it is cast in [4].  
 For preliminarily predictions we could calculate hyperspherical volume or surface area of 4D-5D 
MOU (Fig. 4.11). The general n-volume equation is  2 2( , ) / 1nn nV n r r   where Vn,r is volume per 

number of dimensions, n of radius r and  a factorial constant. These n-volume equations relate to 
volumetric properties of the MOU for calculating noeon brane volume of topological charge.   
 UF dynamics entails a ‘force of coherence’ not a 5th fundamental force. This ‘coherence’ is the 
resultant unitary unified action of the UF which is primary - originator of all other forces ‘pumping’ 
noeons, which are then immediately returned to the infinite sea of UF potentia. This cyclical process 
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creates and annihilates matter. More work must be done on noeon dynamics. This is what the 
experimental protocols are designed for - rigorous investigation of ‘some crazy theory’, as Nobel 
Laureate D. Gross called it at the 2015 Singapore, NIAS 60 Years of Yang-Mills conference.  
  
 
4.11. Quarkonium Flag Manifold Topology 
 
In sections above, we made a current best effort to describe in principle how an ‘Exciplex Topology’ 
acts as a gating mechanism for real UF noeons to pass from the 3rd regime of UFM to 4-space; a 
paradigm shift from current thinking of ZPF virtual particles of the 2nd regime of Quantum Mechanics. 
We know this gating mechanism pulses or oscillates cyclically like a lighthouse holophote beacon. 
 In this section we shed additional light on how the structure of the gating manifold hierarchy might 
operate: 
 
1) 1st regime: A classical local Euclidean 3-space x, y, z fermion vertex with space-antispace 

zitterbewegung. 
2) 2nd regime: In terms of an extended Cramer standing-wave transaction, is a mid-level future-past 

complex quantum space of which 3-space is the ‘resultant shadow’. 
3) 3rd regime: UFM topology governing brane dynamics which is  at the core of the gating mechanism.  
 

In 1945 Wheeler and Feynman proposed an Absorber Theory as the mechanism for energy transfer 
by calculating em-radiation emitted from an accelerated electron. The electron generated outward and 
inward waves. Cramer’s Transactional Interpretation of quantum theory is based on the Wheeler-
Feynman Absorber Theory. M. Wolff further proposed a parallel model where spherical standing-
waves created a ‘particle effect’ at their Wave-Center, suggesting a solution to the 70-year-old paradox 
of the Wave-Particle Duality of Matter [4]. 

 

 
 
Fig. 4.17. Hierarchy of the three regimes of reality. a) Central black dot; a point in Euclidean space. b) Double lines, F1, F2, 
F3 F4 (eq. 4.12) as future-past components of a Cramer transaction. c) Four LCU circles representing geometric topology of 
the UF and UF equation 

( ) /NF   for coherent control.  

 
 For a Cramer transaction emission locus at x,t = 0, 0; we are concerned with the boundary conditions 
in the region outside the event horizon. The scalar equation in spherical coordinates for wave motion in 
spacetime which has spherical symmetry 
 

             2 2
2 2

1
0

c t


   


                 (4.10) 

 
where,  is the wave amplitude. The equation has two solutions   
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which for the programming of spacetime can be applied to the propagation of Cramer’s advanced 
retarded waves from an emission locus at x,t = 0,0 by Eqs. (4.11 & 4.12) which form the advanced-
retarded components of a transaction (Fig.4.5) [52]. 
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Another approach to formalizing noeon flux is in terms of the 6D flag manifold describing the 

geometry of quark confinement. A possible relationship to the noeon-LCU complex can make 
correspondence to work by Shipman correlating the flag manifold to a hexagonal structure of spacetime 
[113-115]. The structure of quarks in hadrons bears an uncanny geometric relation to the noetic UFM 
LCU. 

          
 
Fig. 4.14. Comparison of a) LCU array (with Euclidean x, y vertex) and b) Three quarks d, u, d with gluon, g force couplings. 
 
 
4.12 Singularities, Unitary Operators and Domains of Action 
 
Quantum systems decohere because they are open systems that couple to the environment. As we now 
begin to supersede Quantum Mechanics, leaving the challenges of decoherence and the Uncertainty 
Principle behind, by entering a 3rd regime of reality – that of Unified Field Mechanics (UFM); we have 
finally come full circle to Einstein’s challenge of refuting indeterminism, that ‘God does not play dice 
with the universe’! Einstein felt that natural laws could not be like the throw of dice, incorporating an 
inherent structural randomness with access only probabilistically. But this is exactly what Quantum 
Mechanics tells us empirically – that at the fundamental level Nature is inherently stochastic or random, 
codified in Heisenberg’s famous Uncertainty Principle. Physicists have now begun to suspect that 
spacetime is not fundamental but emergent. Spacetime is the domain of Quantum Mechanics; so now 
the challenge is that Quantum Mechanics along with its rigorous empirical tests of stochasticity can no 
longer be considered fundamental and will be superseded in a manner similar to Classical Mechanics. 
Here is where at the newly discovered ‘semi-quantum limit’ we begin to make correspondence to a 
regime of natural science where Einstein’s wager finally becomes valid. Measurement with certainty is 
key to the Unified Field Mechanical or Noetic model of Universal Quantum Computing (UQC) being 
able to address quantum states without facilitating decoherence as it completely removes all aspects of 
that issue in QC operations.  
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If the Church-Turing Hypothesis (simplistically, any function that can be computed by a physical 
system can be computed by a Turing Machine) is correct, and that all quantum operators must be unitary 
(reversible), then UFM adds the ability to surmount uncertainty as a Gödelization beyond QM by the 
additional degrees of freedom.  
 
4.12.1 Semi-Classical Limit 
 
The Semi-classical limit refers to theoretical models or domains where one part of a physical system is 
described quantum mechanically and another corresponding part is treated classically [116]. This 
scenario is related to Bohr’s Correspondence Principle, used generally to represent the idea that new 
theories should reproduce the results of established theories (as limiting cases) in domains where the 
earlier theories work. The Semi-classical limit is the arena in which quantum mechanics reduces to 
classical mechanics. For example, Einstein's special relativity satisfies the correspondence principle 
because it reduces to classical mechanics in the limit where velocities are small compared to the speed 
of light. Another example is the Wentzel-Kramers-Brillouin (WKB) Approximation [117]. 
 
4.12.2 Semi-Quantum Limit  
 
The Semi-quantum limit refers to the domain where one part of a physical system is described by UFM 
and another corresponding part quantum mechanically [90]. This scenario is related to Bohr’s 
Correspondence Principle, stating that new theories should reproduce the results of established theories 
in the limit where the earlier theory operates. The Semi-quantum limit is the arena in which UFM 
reduces to quantum mechanics; it is the one concerned with the duality of the interface with the finite 
dimensional radius of the manifold of uncertainty (MOU).  
 
 
4.13 Measurement 
 

A quantum system can be in a ground state 0  or excited state 1 ; but the superposition principle 

states that the system is in a linear superposition or combination of the two, 0 10 1  , simple if 

  represented probabilities, nonnegative real numbers adding to 1. However, the superposition 

principle allows them to be complex numbers if the square of their norms add to 1, 
2 2

0 1 1.    

The coefficient 0  represents the amplitude of the state 0 , so it can thus refer to the probability, be 

negative or imaginary.  
 A linear superposition is the ‘private world of the quantum state’, 0 10 1   with measurement 

outcome 0 having probability 
2

0  and outcome 1 with probability 
2

1 , normalized to 
2 2

0 1 1.   This act of measurement causes the system to change state. This holds for k-level 

systems, such as 0 , 1 , 2 ,..., 1 .k   Under these circumstances the superposition principle states, 

0 1 10 1 ... 1 ,k k       with 
21

0
1.

k

jj



  A measurement then has an outcome between 0 and 

k – 1, with j’s probability 
2

j disturbing the system to j  or the jth excited state. 

 To encode n qubits for two electrons for example, we have four possible states, 00, 01 10, 11 (2 
qubits) which in linear combination becomes 
 

       00 01 10 1100 01 10 11 ,                   (4.13) 
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Normalized to  2

2

0,1
1xx




  where the probability of outcome is  2
0,1x  is 

2

x .  

 Now here’s the rub; let’s consider a general case of n = 500 qubits in a linear superposition of all 
2500 possible classical states, much larger than the number of particles estimated in the classical universe 
(1080):   

             
 0,1

.
n

x

x

x

                                        (4.14) 

 
This exponentially huge superposition is ‘the private world’ of the electrons involved and measurement 

only allows us to find the n bits (500) of information, 
2
.x  If our UFM model proves successful in 

surmounting uncertainty, then measurement does not change the system leaving all 2500 possible 
superposed states intact. This also leads to violation of the no-cloning theorem.  
 Input to quantum algorithms is by n classical bits - an n-bit string, x. After QC operations are 
performed, the n qubits have been transformed to the superposition, yy

y  with output probability 

2
.y  This works by placing molecules in a magnetic field aligning spins of the nuclei and then flipping 

the spins with radio waves. Because each nucleus sits in a slightly different position in the molecule, 
each is addressed with slightly different frequencies, by a process known as nuclear magnetic resonance. 
The spins can also be made to interact with each other so that the molecule acts like a tiny logic gate 
when zapped by a carefully prepared sequence of radio pulses. In this way the molecule processes data. 
And because the spins of each nucleus can exist in a superposition of spin up and spin down states, the 
molecule acts like a tiny quantum computer [118-120]. 
 

 
 

 
Fig. 4.19. Matter can no longer be considered as 3-space point particles; but needs to be studied with the inclusion of an HD 
topological brane manifold that it is embedded in and cyclically emerges from as a hyperspherical standing-wave.   
 

A big question is, does an ontological measurement change the basis for quantum algorithms? Would 
such a scenario (other than putatively removing the need for error correction cycles) provide another 
category of speedup? We have considered that UFM based UQC is primarily a boon to measurement 
and possibly in that case classes of quantum algorithms might remain the same. Let’s not call it ‘parallel 
QC”, but rather could we discover a class of ‘holographic UQC’ with asymptotically infinite speedup? 
As we devise in Chap. 13, it is not to be called infinite; but with EPR-like dual-Amplituhedron 
connectivity it is termed a new class of ‘instantaneous’ ontological algorithms! 
 The Larmor or cyclotron radius is the radius of the circular motion of a charged particle in the 
presence of a uniform magnetic field. Given in SI units by 
 

             L

mv
r

q B
              (4.15) 
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where m is the mass of the particle, v  the component of velocity perpendicular to the direction of the 

magnetic field, q the charge of the particle, and B the strength of the magnetic field. Proton, Electron, 
Photon? Gödelizng Fine Structure will reveal additional Unified Field Mechanical atomic structure 
beyond the current 4D model of the 3D Fermionic 0D singularity. 
  
 

 
 

Fig 4.20. Symbolic diagram for LCU radius beat frequency of spacetime. Could be achieved by  rotations of the Riemann 
sphere LCU complex. 
 

Coherent energy exchange can be achieved by dynamically coupling the mechanical oscillations of 
the two beams. This is realized by periodically modulating the spring constant of one beam at the 
frequency difference between the two beams. This periodic modulation, namely pumping, can be 
induced by applying gate voltage via the piezoelectric effect in this sample. This pumping enables 
strong vibrational coupling, leading to the cyclic (Rabi) oscillations between the two vibrational states 
(the beam-L state and the beam-R state) on the Bloch sphere. The Rabi cycle period, i.e., the coupling 
strength, is fully adjustable by changing the pump amplitude via the gate voltage. As a result, the 
vibration energy can be quickly transferred from one beam to the other enabling the vibration of the 
original beam to be switched off on a time-scale orders of magnitude shorter than its ring-down time. 
This quick energy transfer to the adjacent oscillator opens up the prospect of high-speed repetitive 
operations for sensors and logics using Nano-mechanical systems [121,122]. 
 
 
4.14 The No-Cloning Theorem (NCT) 
 
The no-cloning theorem explicitly states that it is impossible to create an identical copy of an arbitrary 
unknown quantum state. We profess the NCT is only valid for the Copenhagen Interpretation, not for 
UFM. In theoretical physics no-go theorems state that some situation is physically untenable. 
Specifically, the term describes results in quantum mechanics like Bell's theorem and the Kochen-
Specker theorem that constrain the permissible types of hidden variable theories attempting to explain 
the apparent randomness of quantum mechanics as a deterministic model featuring hidden states 
[123,124]. 

This no-go theorem of quantum mechanics was articulated by Wooters and Zurek [125] and Dieks 
[126], and has profound implications in quantum computing and related fields. The state of one system 
can be entangled with the state of another system. For instance, one can use the controlled NOT 
gate and the Walsh–Hadamard gate to entangle two qubits. This is not cloning. No well-defined state 
can be attributed to a subsystem of an entangled state. Cloning is a process whose result is a separable 
state with identical factors. The no-cloning theorem was prompted by a proposal of Herbert [127] for a 
superluminal communication device using quantum entanglement. 

The no-cloning theorem is normally stated and proven for pure states; the no-broadcast 
theorem generalizes this result to mixed states [128-130]. 
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§ The Quantum No-Cloning Theorem:  An unknown quantum state cannot be duplicated.  
 

4.14.1 Proof of the Quantum No-Cloning Theorem (NCT) 
 

Let   be the state of quantum system A that we want copied. In order to clone state  we must take 

another quantum system B that has the same state space (general Hilbert abstract vector space) and its 

initial empty state e B  which must be independent of state A which must also be completely 

unknown. The composite A, B quantum system is designated by the tensor product .A e B   

According to the tenets of quantum theory there are only two permissible quantum operations by which 
the composite system may be manipulated: 
 
• An irreversible observation on the system could be made, collapsing the system into 
some observable eigenstate thereby corrupting the qubits information. This is not satisfactory.  
 
• The Hamiltonian of the system can be controlled. Thus if the time-evolution operator, U up to some 

fixed time interval, yields a unitary operator U for a time-independent Hamiltonian, /( ) iHtU t e  , 

with /H  , the ‘translations in time’ generator, then U acts as a copier so long as 

U A e B A e B   for all possible states   in the state space.  
 

 

For the latter case we can select an arbitrary pair of states A  and A drawn out of the Hilbert 

space. Since U is unitary, the inner product e B A A e B   †e B AU U A e B  

,B A A B     is preserved; and because all quantum mechanical states are assumed to be 

normalized, a a b b      
2

   1 .   

Since this implies that either 1   or 0   , two possibilities occur, either    or that 

 is orthogonal to  . Quantum theory however states that this cannot be true for two arbitrary states. 

Thus it is not possible for a single universal U to have the ability to clone a general quantum state which 
simply enough proves the Non-Cloning Theorem (NCT). However, one should be aware that that it is 
possible to find specific pairs that satisfy the algebraic requirement above. The following orthogonal 

states provide such an example    1/ 2 0 1 , 1 / 2 0 1      and for this special case 

one can verify that 
2

0 .      And as one might surmise the relation doesn’t hold for more 

general quantum states [125].   

And again, supposing the unknown quantum state, 0 1    , is it possible to take state 

 and produce copies of this state   , essentially cloning it? 

Proof: Show that for the evolution 0     for all possible states  , there is no 

unitary cloning map operator, U allowing a 0 and 1 cloning operation: 0 0 0 0U    and 

1 0 1 1U    . If this operation holds, by the linearity of quantum theory, 

   1 1
2 2

0 1 0 0 0 1 1U       ; but this is not equal to the  

   1 1
2 2

0 1 0 1   required for a cloning unitary. The contradiction demonstrates that no 

such unitary exists for states that are elements of an unknown orthonormal basis [125,145]. 
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4.14.2 Quantum No-Deleting Theorem 
 
Similar in many ways to the no-cloning theorem, the quantum no-deleting theorem states that no 
quantum operation can erase an unknown quantum state. In order to manipulate, copy or delete quantum 
information a measurement must be performed by access to the state. While anyonic braiding TQC 
provides protected quantum states; they are currently too protected and inaccessible.  
 Ontological-phase topological field (OPTFT) theory will change this scenario. OPTFT has the 
ability to override the quantum no-cloning and non-erasure theorems; also allowing access to the 
topologically protected quantum Hall anyon braid states. See Chap. 12. 
 
 
4.15 The Tight-Bound State Protocol 
 
Because Euclidean space is a ‘shadow’ of HD reality, gated by the Uncertainty Principle, and the current 
belief that the stochastic quantum foam is the ‘basement of reality’; it has not been evident that behind 
this veil (provided by a manifold of uncertainty of finite radius) there is a harmonic oscillation of the 
unified field, that opens and closes this gating mechanism with a ‘continuous-state’ periodicity. This is 
the key element of this scenario: in this regard there is a ‘beat frequency’ to the cyclic creation and 
annihilation of spacetime from the nilpotent potentia it is reduced (shadow) from. The symmetry occurs 
because of its inherent Cramer-like standing-wave structure with de Broglie-Bohm control parameters 
driving its evolution. The perceived extreme radical nature of these premises, they will be difficult to 
accept initially; but in our favor we have an experimental paradigm waiting in the wings to be 
performed. 
 We assume that all matter emerges from spacetime. In order to perform our experiment, we need to 
‘destructively-constructively’ interfere with this process of continuous emergence. In the model being 
developed this requires finding a cyclical beat-frequency to the creation and annihilation process of 
space-time and matter. We believe this is best done by utilizing HD completed forms of the de Broglie-
Bohm-Vigier causal and Cramer transactional interpretations of quantum theory. Once we know the 
size of the close-packed LCU and apply this to our ‘zero to infinity’ rotation of the Riemann sphere 
(Kahler manifold) we will know the radius/time of this putative inherent beat-frequency. This is where 
the Sagnac Effect Dubois incursive oscillator is applied to the structure where the t hyperincursion 
[106-110] would correspond to a specific phase in the beat-frequency of spacetime and size of the hole 
utilized (punched by destructive interference) to send our signal through in order to detect several new 
TBS spectral lines in hydrogen [31]. 
 We set the resonance hierarchy up in this case with hydrogen (simplest case with least amount of 
artifact from other electrons) where we jiggle the electron tuned to resonate with the nucleus tuned with 
the annihilation - creation vectors in the beat frequency of spacetime which putatively opens a hole into 
the HD ‘manifold of uncertainty’ cavities by a process which we have stated numerous times is a direct 
violation of the quantum uncertainty principle. Which as you recall occurs when a field is arbitrarily set 
up along the z-axis to separate the states in the Stern-Gerlach apparatus, the historical beautiful 
empirical proof of the uncertainty principle.  
 So simplistically we're going to do something else which you should by now have a glimmer of and 
the additional degrees of freedom required to perform this something else. This is why we have to have 
access to the physics inherent in this new cosmology. In the current model with the Planck basement 
there is no understanding of how to pass through; there is no XD cavities behind the Planck basement. 
It is finding the LCU beat frequency in the Dirac polarized vacuum that will give us success.  
 In summary we have the 3-level tiered Sagnac Effect resonance hierarchy of electrons nucleons and 
spacetime. The counter-propagating properties of the Sagnac Effect that violates special relativity in the 
small-scale will most likely be relevant to this resonance process. 
 For the standing-wave oscillator, the gap between R1 & R2 in the beat frequency of spacetime we 
take our ‘little laser blaster’ starting at the R1 bandwidth, when we reach the right point we will get a 
reflected blip, which will be our first new spectral line in hydrogen. So in a sense if you've been 
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following along; you see in general how straightforward and really simple this experiment is. This is a 
paradigm shift and beneath this infinite as yet to the reader, concatenation of mumbo-jumbo lies the 
framework for performing the TBS experiment. Unfortunately, one can see that any part of these 
elements that I've been gerrymandering could each take several hours to describe properly. The 
continuous-state, deriving the alternative formula for string tension - any of these is in hour lecture in 
itself. The importance of the LCU could require thousand-page treatises. I've been trying to give an 
overview of the framework for UFM that we’re in the process of discovering.   
 

 
 

Fig. 4.21. NMR apparatus designed to manipulate TBS in Hydrogen. The Fig. only shows possible details for rf-modulating 
TBS QED resonance, not the spectrographic recording and analysis components. Conceptual model of a proposed TBS 
experiment where hydrogen is put in the sample tube to which resonances are applied in a manner opening the manifold of 
uncertainty for access to HD cavities correlated with new spectral lines in hydrogen. 
 
 Some experimental evidence has been found to support this view showing the possibility that this is 
the same property that the interaction of these extended structures in space involve real physical vacuum 
couplings by resonance with the subquantum Dirac ether. Because of photon mass the CSI model, any 
causal description implies that for photons carrying energy and momentum one must add to the restoring 
force of the harmonic oscillator an additional radiation (decelerating) resistance derived from the em 
(force) field of the emitted photon by the action-equal-reaction law. Kowalski has shown that emission 
and absorption between atomic states take place within a time interval equal to one period of the emitted 
or absorbed photon wave. The corresponding transition time correlates with the time required to travel 
one full orbit around the nucleus [102,103]. Individual photons with m  are extended spacetime 

structures containing two opposite point-like charges rotating at a velocity near c, at the opposite sides 
of a rotating diameter with a mass, m = 10-65

 

g and with an internal oscillation E = mc2 = hv . Thus a 
new causal description implies the addition of a new component to the Coulomb force acting randomly 
and may be related to quantum fluctuations. We believe this new relationship also has some significance 
for our model of vacuum C-QED blackbody absorption/ emission equilibrium [130].  
  
 
4.16. Indicia of the UFM Tight Bound State CQED Model 
 
A) SEARCH FOR LARGE-SCALE ADDITIONAL DIMENSIONS  
 
CERN has begun a new program to find evidence of another host of particles that can only exist if there 
are more dimensions than found in the Standard Model of particle physics; experiments proposed, but 
not yet successfully performed.  
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Fig. 22. CERN high energy collision cross section particle spray of the type that uncovered the Higgs mechanism. 
 
 CERN is trying to build larger and larger more powerful colliders like the LHC in the hopes of 
creating cross sections closer and closer to the Planck scale. Our UFM model is radically different; it is 
table-top and low energy. Why is that? If the matter right in front of our nose only appears solid and 
impenetrable because of a constructively interfered phase amplitude – of which we are made out of and 
imbedded in so that we have the same occlusion, then the uncertainty principle provides a simple gating 
mechanism to preclude us. Remember when ‘they’ first tried to fire a machine gun through the propeller 
of WWI airplanes – ‘They’ shot the propellers off until they timed the shots properly. Recall our 
mention of the inherent beat frequency hidden within the manifold of uncertainty. 
 
B) THE CONTINUOUS-STATE HYPOTHESIS 
 
Derivation of continuous-state multiverse postulates led to a unique string vacuum with as I've 
mentioned contains a variable string tension and a virtual tachyon [6,7]. I will do my best to define this 
continuous-state process which is still very difficult for me to do. The Planck scale is currently called 
the basement of reality starting from an essentially infinite size Hubble radius cosmology that reduces 
to a rigid microscopic Planck scale. In the holographic multiverse model, built partly by the way on an 
extension of Elizabeth's complex 8-space, where she added a 4D complex space, 4  to standard 4D 
Minkowski space, M4 which didn't quite work for me because her 4D complex space still reduced to a 
fixed rigid Planck barrier.  
 

      
 
Fig. 4.23. a) Conceptual view of the Rauscher HD Complex C4 space added to Minkowski space.  b)12D UFM Multiverse 
cosmology with the addition of a 2nd dual mirror symmetric complex 4-space resulting in 4

4M C


. The 4C spacetime 

packages must become involute (like a trefoil or L-R dual Mobius Klein bottle (Fig. 4.26) before the continuous-state process 
flow can occur. Or better yet for Calabi-Yau manifolds, folded into a torus.   
 
 What was needed to develop the continuous-state model was to have a fundamental basis of reality 
that acted as if it was in a self-contained inherent freefall. So we added another set of complex 
dimensions to allow reality to cycle continuously at the fundamental level. However, Rauscher's 
complex 8-space also included superluminal Lorenz transformations that boosted a spatial dimension, 
s into a temporal dimension, t enhancing my process for conceptualizing the continuous-state scenario 



Richard L Amoroso – Fundaments of Quantum Computing 
 

108 
 

[10]. We then applied a second set of superluminal Lawrence transformations boosting a temporal 
dimension, t to dimension of energy, e. The energy dimension becomes compatible with a super-
quantum potential eventually becoming synonymous with the ontological force of coherence of the 
unified field. This addition along with the second complex 4-space, 4  dimensions completed 
geometrically at least the necessary components for continuous-state cyclicality providing a key 
framework for one of the most key elements of the model within which we propose new TBS spectral 
lines in hydrogen [31]. 
 Concerning the importance of the original hadronic form of variable string tension; the main reason 
we were able to discover a unique string vacuum was by finding an alternative derivation of string 
tension; for which the traditional formula is,   1

/ 2 'sT e l    . The multiverse UFM formula in 

unexpanded form became, 
 

               ( )NF



             (4.16) 

  
where instead of energy, e over the length of the string, l  topological charge or UF brane energy, 
was put over the brane topological radius,   of the relativistically rotating Riemann sphere LCU 

hyperstructure. F(N) is the noetic force of coherence of the unified field [31].  
  
 
4.17 Building the UFM TBS Experimental Protocol 
 
The best indicia for our model experimentally is suggested by work done by Chantler [132,133]. The 
data from his experiments over the last 10 years or so on hydrogen showed only a minute artifact 
proposed to violate QED; but more recently in 2012 for work on Titanium the QED violation effect was 
much larger. The beauty of this is that they stripped all the electrons off the Titanium atom except one 
creating a large hydrogen-like atom [133]. One wants to maintain the simplicity of the hydrogen atom 
to perform the experiment. 
 Vigier’s seminal papers in 1999/2003 [134,135] are similar theoretically in some ways to Chantler’s 
model. Vigier describes the first exploration made by Corben in an unpublished paper. Corben noticed 
that motion of a point charge in the field of magnetic dipole at rest, is highly relativistic and that the 
orbits are of nuclear dimensions. Further investigation has been undertaken by Schild [136], but the 
most systematic treatment of this problem is given by Barut (see for example [137]) A 2-body system 
where magnetic interactions play the most significant role is in positronium. Both electron and positron 
have large magnetic moments which contribute to the second potential well in an effective potential, at 
distances much smaller than the Bohr radius. Barut and his coworkers predicted that this second 
potential well can support resonances. A 2-body model, suitable for non-perturbative treatment of 
magnetic interactions is presented by Barut [137] and Vigier [l34,135].  
 Our approach doesn't fully correlate with Vigier’s because at that time he had no consideration of 
additional dimensionality which is a dominant element in our multiverse model. For the first 10 years 
of Chantler’s work the artifact said to violate QED was so small that it was essentially ignored by the 
physics community. But in the 2012 experiment [133] the QED violation was great enough ( 5)  
that media suggested Nobel Prize; but the majority of the physics community said the artifact is 
insufficient. 
 Now the reason we think the continuous-state model will work is for example if you take the Bohr 
model of the hydrogen atom, spectroscopic measurements are taken as a 3D volume measurement from 
the space between the nucleus and the electrons orbit. For hydrogen the first Bohr orbit has a radius of 
a .5 Angstrom, and the second or orbit a radius of ~2 Å. This is the 100-year history of spectroscopic 
measurements from within the fixed regime of the 4D standard model. A spectroscopic cavity is going 
to have different properties in a 12D holographic multiverse regime. 
 Firstly, we postulate the volumes of XD both within the finite radius MOU and beyond into the 
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regime of LSXD. We continue to mention in terms of the complex quaternion Clifford algebra required 
to describe the continuous state process; that the cyclicality has an inherent commutativity anti-
commutativity that the algebra can handle with a 3D or 4D Euclidean/Minkowski space resultant with 
8D or 9D complex cycling dimensions built on top of it. Initially for a single space anti-space doubling, 
the MOU represents a 4th 5th and 6th hyperspherical XD.  
 Recall our use of the Rauscher superluminal Lorentz transformation that boosts a spatial dimension 
into a temporal dimension, wherein multiverse UFM cosmology has added a second boost of 
dimensionality from temporal to that of energy as the exchange mechanism for topological charge in 
unified field theory. Behind or within the veil of uncertainty these XDs open and close volumetrically 
from zero i.e. the usual 3D Euclidean QED cavity to the added volumetric structure of the 4th 5th and 6th 
XD yielding:

1 3 2 4 3 5 4 6, , ,D D D DrV r V rV r V  enabling us to calculate the wavelength of three additional spectral 

lines in hydrogen based on the volume of these respective hyperspherical cavities. 
 We haven't given enough thought to consider whether it's a viable addition to interpretation, but Von 
Neumann postulated a ‘speed for collapse’ of the wave function, suggesting that if we also used a 
hydrogen-like Titanium atom there might be an additional helpful time delay factor. In any case the 
success of this experiment would provide the first indicia that something exists beyond the regime of 
Gauge theoretic SM QED. 
 Opening the 4D resonance hierarchy cavity will be relatively easy, but to open the 5th and 6D cavities 
probably requires the addition of some kind of precision Bessel function to the resonance hierarchy 
because additional artifacts like found in the refinements of the Born-Sommerfeld model; it will be a 
little tricky to master the protocol to measure these additional spectral lines. I do not mean this in 
calculating the wavelength, but the tiniest property we do not sufficiently understand will probably keep 
the uncertainty principle sufficiently active to keep the 5D cavity closed! 
 This TBS model only works within the continuous-state holographic multiverse scenario simply 
because without that utility physics would not go beyond 5D Kaluza-Klein and remain ‘curled up at the 
Planck scale’ model of XD. It is only the inherent continuous-state process of open-closed cyclicality 
that allows access (violating the uncertainty principle) to the additional infinite LSXD. This restriction 
is not a negative aspect of this proposed multiverse cosmology, but we feel rather that it is suggestive 
of the correct path to take as it is the actuality of physical reality. 
 The key element in this cosmology is the Least Cosmological Unit (LCU), not fully invented by us; 
but an extension of the idea found within a chapter called, “The size of the least unit” in a collection 
edited by Kafatos [101]. But Stevens of course utilizing only the 4D of the standard model attempted 
to describe a Planck scale least unit. But hopefully you have realized by now that our LCU oscillates 
from asymptotic virtual Planck,  ST  to the Larmor radius of the hydrogen atom relative to the 

nature of its close-packing tiling the spacetime foam. 
 

 
 
Fig. 4.24. Fixed string tension in M-Theory (left) and variable (right) as in the original hadronic form of string theory and 

HAM cosmology that also reverts to the original Stoney,   rather that Planck’s constant,  .   
 

The left-hand part of Fig. 4.24 shows the current thinking of string tension but, on the right we see 
a multiverse version with a variable string tension that oscillates from virtual plank to the Larmor radius 
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of hydrogen. Notice that the symbol for the Planck constant is different, we use the original Stony [4] 
that preceded Planck because it is electromagnetic and correlates better with the Dirac polarized vacuum 
which we want available for our resonance hierarchy component of the experimental protocol. Virtual 
plank is the asymptotic zero point on the Riemann sphere that flips back to infinity in the continuous-
state cycle.   
 Since the Planck scale is no longer considered the basement of reality the 12D continuous-state 
process changes the size of the LCU in the process of Riemann sphere rotation from zero back to infinity 
continuously. Choice of the upper limit as the Larmor radius is somewhat arbitrary. We cannot define 
this rigorously yet without experiment; but assume it is in this ballpark. So just to make a note we have 
this oscillating Planck unit,   at the microscopic level in conjunction with an oscillating  lambda 
or cosmological constant at the macroscopic level.  
 As an aside this gives us the ability to describe dark matter/energy as an artifact of the rest of the 
multiverse outside our ~ 14.7 bly radius Hubble sphere. The multiverse has ‘room for an infinite number 
of nested Hubble spheres each with their own fine-tuned laws of physics’. That scenario provides our 
model of dark energy. These nested Hubble spheres are closed and finite in time and causally separate 
in the XD where gravity would take effect, so it's not like there is an infinite mass acting on us but 
something subtler. As generally known the postulate of dark energy and dark matter comes from the 
knowledge that galactic rotation occurs like a phonograph record not a vortex.  
 Think of these nested Hubble spheres as a stalk of grapes; they are invisible to current empirical 
means because the nature of the stalk holding the grapes, however, UFM allows design of a ‘Q-
telescope’ to visualize them [4]. Also see the Drake equation therein. 
 

 
 
Fig. 4.25. View of 8 3D cubes comprising a 4D hypercube. See continuous-state involution metaphor in Fig. 4.5.   
 A main condition of the continuous-state hypothesis comes from an HD extension of Cramer’s 
Transactional Interpretation of future-past elements resulting in a present moment [52]. Cramer 
considers this as a standing-wave of the future-past. In XD we build on superluminal Lorentz 
transformations, coupled to advanced-retarded future-past complex pairs. 
 

 
 
Fig. 4.26.   A Klein bottle trefoil. A 6D Calabi-Yau 3-torus could also be used. A primitive metaphor to show rotation of 
continuous-state components. Does not really work in 4D. But I wanted to try to illustrate the cycling of dimensional 
parameters if the eight cubes of the hypercube put into motion not just exploded as in the figure. 
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Fig. 4.27. Beyond The 4D Standard Model Lies Infinite Size Dimensionality (LSXD) ‘Hidden’ by Uncertainty. 
 
 What I have poorly tried to illustrate in Figs. 4.25 to 4.27 is some of the underlying topology of 
continuous-state topology. Figure 4.25 shows the dramatic increase in the number of cubes comprising 
HD space as we travel rectilinearly up the XD ladder. Figure 4.26 shows a key condition of involution 
allowing the continuous-state process to cycle continuously when set in motion by the nature of HD 
reality. Figure 4.27 is also an attempt to speak to the rotational properties of cyclicality. Out 12D model 
must cycle through nodes of commutativity and anti-commutativity where one mode is degenerate and 
the other closed to observation. There are not sufficient degrees of freedom to cyclically break closure 
otherwise. Rowlands supports an inherent necessity of 3D for reality [138], so we have a doubling of 
the 1st 3D into another triplet of HD space. This might suggest indicia for the necessity of the 12D where 
UFM wants to lead us. 
 Imagine a 3-blade ceiling fan symbolic of a quaternion fermion vertex. If one puts one of these fans 
in front of a mirror (real space) rotating clockwise the mirror image (anti-space) rotates 
counterclockwise with the blades coming occasionally into phase as in Fig. (4.10). Now we give a key 
insight into the TBS experiment that Fig. 4.10 doesn’t have. If there is a light on near the fan in real 
space, i.e. the rf-pulse of our TBS experiment. Periodically when the blades come into phase (Fig. 4.10 
again) meaning when a blade from real space comes into phase with a blade in the mirror antispace the 
light is reflected off each blade (the mirror image of the mirror image) and a pulsating, reflected flash 
of light occurs in the direction back towards the source/detector! This is representative of how we intend 
to find the new TBS spectral lines in hydrogen; that we would expect to see a flashing back, like a 
rotating lighthouse beacon when the resonance hierarchy is aligned properly! 
 Rowlands suggests these additional space anti-space dimensions are redundant (no new information) 
[138] That's actually what we want from an infinite potentia that is nilpotent and redundant. 
Surmounting the quantum mechanical uncertainty principle occurs by this same process that gives us a 
beat frequency inherent in the spacetime backcloth. 
 In order to demonstrate existence of new spectral lines the experiment itself requires surmounting 
the quantum uncertainty principle. I hope when we apply the complex quaternion Clifford algebra it 
will tell us whether one or two additional doublings of Peter's original space anti-space model are 
required and then let us know if there's two or three or more consecutive doubling needed to find four 
or five additional spectral lines which of course tells us the complete size of the manifold of uncertainty. 

From the common simple example of a Bessel function, with an arbitrary complex number: 
 

            
2

2 2 2
2

0
d y dy

x x x y
dx dx

                          (4.17) 

 
we solve the Helmholtz equation in spherical coordinates by variable separation such that the radial 
equation takes the form 
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       .                 (4.18) 

 
 

 
 
Fig. 4.28.  Example of a Bessel Function that may be necessary to couple synchronization with the Dubois incursive oscillator 
in order access additional TBS beyond the first. Even though we think we know how, surmounting uncertainty will probably 
not be trivial. 
  

The spherical Bessel functions, jn, yn are the two linearly independent solutions relate to the ordinary 
Bessel functions, Jn, Yn as: 
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When written as Rayleigh’s formulas  
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the first spherical Bessel functions are   
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and 
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  [139]. (4.22) 

 
 We show the 1st three Bessel function solutions of the 1st and 2nd kind to illustrate our process to 
locate the first TBS spectral line in hydrogen which will be relatively easy to find in comparison to 
finding the 2nd and 3rd. The additional lines will be more challenging as there will be some unexpected 
complexity in the Bessel harmonic oscillator that must be overcome. The restrictions related to this 
refinement hasn't revealed itself to us as yet, that will require some additional adjustment to the spin-
spin coupling parameters of the algebra describing the HD hyperspherical volume. Parallel transport of 
the gravitational curvature deficit angle kick in, in mirror symmetric brane topological form, with noeon 
topological charge corrections (not a quantized gravity). 

The choice of linear combinations of Bessel solutions (4.5) depends on their asymptotic behavior at 
 ,  
 

2 4 2 4( ) cos( ); ( ) sin( )
2 2n nJ x x n Y x x n

x x
    

           (4.23) 

 
thus 
 

        2 4( ) exp
2nH x i x n

x
          [140].              (4.24)  

 
With the harmonic oscillator Bessel function solutions, the next step in the experimental design is 

to apply the Dubois incursive oscillator parameters as the final step in designing the Sagnac effect rf-
pulses. The incursive algorithms are numerically stable and the numerical simulation of the pendulum 
will show the conservation of the energy. Let us consider the example of the harmonic oscillator, with 
m the oscillating mass and k the spring constant, represented by the ordinary differential equations: 

 
  

dx(t)/dt = v(t)                       (4.25a)  
  

2( ) / ( )dv t dt x t   dv(t)/dt                     (4.26b) 

 
where x(t) is the position and v(t) the velocity as functions of the time t, and where the pulsation    is 

related to k and m by 2 /k m  [141]. 
 The solution is given by  

 ( ) (0)cos( ) (0) / sin( )x t x t v t                  (4.27a)  

 
( ) (0)sin( ) (0) cos( )v t x t v t                       (4.27b) 

 
with the initial conditions x(0) and v(0).  In the phase space, given by (x(t), v(t)), the solutions are given 
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by closed curves (orbital stability). The period of oscillations is given by 2 /T   . The energy e(t) 
of the harmonic oscillator is constant and is given by 
 

e(t) = k x2(t) / 2 + m v2(t) /2 = k x2(0) / 2 + m v2(0) /2 = e(0) = e0    (4.28) 
 
The simulation of differential equations is impossible. This is only the discrete transformation which is 
computable with recursive function.  
 In differential equations there is only the current time. In discrete systems, there are the current time 
t and the interval of time .t h   The discrete time is defined as: tk = t0 + kh with k = 0,1,2,… where t0 

is the initial value of the time and k is the counter of the number of interval of time h [141].  
 The discrete variables are defined as xk = x(tk) and yk = y(tk). The discrete equations used in the 
harmonic oscillator case for computing the position and the velocity at consecutive moments have the 
general form 
 
             1k k kx Ax Bv                                         (4.29a) 

 
2

1k k kv Cv D x                                    (4.29b) 

 
where A, B, C and D are coefficients with values specific to the numerical integration methods applied.  
In eliminating vk of Eq. (4.29a) in Eq. (4.29b), a second order discrete equation in xk is given by 
 

      2
2 1( ) ( ) 0k k kx A C x AC BD x                     (4.30) 

 
The stability analysis for this discrete system can be performed by using the Z-transform 
 

          2 2( ) ( ) 0z A C z AC BD                         (4.31) 

 
which presents two poles: 
 

 
2 2

1,2 (( ) ( ) 4( )) / 2z A C i A C AC BD      
         (4.32) 

 
that are complex when  
 

2 2( ) 4( )A C AC BD   [141].               (4.33a) 
 
The position of the poles relative to the unit circle defines the system stability: a system is stable if the 
poles lie inside the unit circle, is unstable if the poles lie outside the unit circle and shows an orbital 
stability if the poles lie on the unit circle. It follows that the condition for stability is: 
 

2 2 2(( ) ( ) 4( )) / 4 1A C A C AC BD              (4.33b) 
 

or 2 1AC BD  and the orbital stability must satisfy the strict equality 
 

2 1AC BD                                      (4.33c) 
 
so, for the harmonic oscillator, the conditions for obtaining an orbital stability are given by relations 
(8a) and (8c), rewritten as  
 



Richard L Amoroso – Fundaments of Quantum Computing 
 

115 
 

2 2( ) 4 and 1A C AC BD                        (4.34a,b) 

 
in using the equality from the relation (8c), in the relation (8a) [141]. 
 Let us first consider the well-known Euler and Runge-Kutta integration methods, e.g. Scheid [142]; 
and after that, the incursive methods will be analysed. 

In terms of incursive discrete algorithms, Dubois defined a generalized forward-backward discrete 
derivative 
 
                                          D(w) = w Df + (1 - w) Db                              (4.35) 
 
where w is a weight taking the values between 0 and 1, and where the discrete forward and backward 
derivatives on a function f are defined by 
 

           1( ) / /f k kD f f t f f h
                       (4.36a)   

 
and                 
    

                                         1( ) / /b k kD f f t f f h
                  (4.37b) 

 
The generalized incursive discrete harmonic oscillator is given as:  
 

(1-w) xk+1 + (2w-1) xk - w xk-1 = hvk                     (4.38a) 
 
 

w vk+1 + (1-2w)vk + (w-1)vk-1 = -h 2xk               (4.38b) 
 
When w = 0, D(0) = Db,  this gives the first incursive equations: 
 

xk+1- xk = h vk                     (4.39a) 
 
  

vk - vk-1 = -h  2 xk                      (4.39b) 
 
When w = 1, D(1) = Df,  this gives the second incursive equations: 
 

xk - xk-1 =  h vk                 (4.40a)  
 
 

vk+1 - vk = - h  2 xk .                              (4.40b)   
 
When w = 1/2, D(1/2) = [Df + Db]/2, this gives the averaged (hyperincursive) equations:  
 

xk+1 - xk-1 = 2 h vk                       (4.41a)  
 
 

vk+1 - vk-1 = -2 h  2 xk                          (4.41b) 
 
These Eqs. (4.41a,b) integrate the two incursive equations.  
 This deals with a deduction of this forward-backwards discrete derivative, with the deduction of this 
time-symmetric discretization of the harmonic oscillator [141]. 
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Next Dubois discusses ssimulation of the incursive and hyperincursive algorithms of the classical 
harmonic oscillator. First, for the simulation of the classical harmonic oscillator, the dimensionless 

variables X, V and H, will be used [8], for the variables, x, v and  : ( ) / 2 ,kh X k k x  

 ( ) / 2 ,kV k m v  t   with  / ,k m   and t      .h H   So, the two incursive 

dimensionless harmonic oscillators are given by 
 

X1(k + 1) = X1(k) + H V1(k)                (4.42a)    
 
 

V1(k + 1) =V1(k) - H X1(k +1)            (4.42b) 
 
 

V2(k + 1) = V2(k) -H X2 (k)              (4.43a)   
 
 

X2(k + 1) = X2(k) +  H V2(k + 1)           (4.43b) 
 
 
and the hyperincursive dimensionless harmonic oscillator is given by 
 
 

X(k + 1) = X(k - 1) + 2 H V(k)        (4.44a)   
 
 

V(k + 1) = V(k - 1) - 2 H X(k) [141].     (4.44b) 
 
 

Table 4.2 shows the numerical simulations of algorithms (4.42-4.44). 
 
TABLE 4.2. Simulation of Eq. (4.42, 4.43) of the two incursive harmonic oscillators with a cycle of N = 6 iterates 
and interval of time H = 1.0. The averaged energy <E(k)> = (E1(k) + E2(k))/2 of the two oscillating energies is 
constant. 
 

   INCURSION 1 INCURSION 2 Energy 

N H k X1(k) V1(k) E1(k) X2(k) V2(k) E2(k) <E(k)> 

6 1 0 4.66 0.00 75 10.00 5.00 125 100 

  1 4.66 -8.66 150 5.00 -5.00 50 100 

  2 0.00 -8.66 75 -5.00 -10.00 125 100 

  3 -8.66 0.00 75 -10.00 -5.00 125 100 

  4 -8.66 8.66 150 -5.00 5.00 50 100 

  5 0.00 8.66 75 5.00 10.00 125 100 

  6 8.66 0.00 75 10.00 5.00 125 100 

 
So, this confirms that the incursive and hyperincursive algorithms are totally numerically stable with 

the conservation of energy [141].  
 When the parameters for the experiment are coordinated and the rf-pulse sent into the MOU HD 
QED TBS hydrogen cavity, a positive result will retrieve a spectroscopic signal like the one represented 
in Fig. 4.29. A negative result would send back 0 amplitude [31]. 
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Fig. 4.29. First 4D TBS spectral line in hydrogen emerging from the 4D spherical potential well for 1   . Fig. adapted 
from [143].   
 
 
4.18. Issues of Experimental Design 
 
In the simplistic model of doing the TBS experiment we put hydrogen in a sample tube (Fig. 4.21) and 
apply a series of resonant pulses in conjunction with the beat-frequency of space-time to open the HD 
QED-UFM cavity, send the signal in and allow the new TBS spectral line signal to be emitted back to 
the detector. 
 Remember we postulated that the HD continuous-state cycle must incorporate cycles of 
commutativity and anti-commutativity. This can be shown metaphorically in terms of logarithmic 
spirals applied to what is called perfect rolling motion (Figs. 4.30, 4.31).  
 

 
 
Fig. 4.30. Logarithmic spirals and ‘Perfect Rolling Motion. Segments of the logarithmic spiral are put together into the three 
spheroids on the right, A,B,C. Like the 320o - 720o spinor rotation of the Dirac electron; the speroids will only return to the 
same configuration after a number of 360o rotations.   
 
 We've been arguing with colleagues for the last couple of years about aspects of quaternion algebra. 
I'm thankful especially to Peter Rowlands for helping me learn some of the properties of quaternions. 
As well-known, Hamilton wanted to extend the complex number system algebraically by adding an 
additional j term to the i series; but the algebra didn't work. It was only when Hamilton added the 3rd k 
term that quaternion algebra became complete by closing the algebra and in the process, sacrificing 
commutativity. Is it any wonder that Rowlands resisted when I told him I wanted to open the algebra 
again so that it could cycle between modes of commutativity and anti-commutativity. Rowlands was 
very gracious and allowed me to visit him for a week in Liverpool. We did find something interesting 
(see [143]) that is not yet a complete study, and not quite the cycle we've been looking for which with 
all profundity is going to be possible with a rather simple complex quaternion Clifford algebra [145]. 
 How can we find this cycle in HD Calabi-Yau mirror symmetry? The logarithmic spirals in Fig. 
4.30a are not free to rotate (Euclidean shadow). If we take pieces of the curve as in Fig. 4.30b and paste 
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them together as shown; the three cycloids can cycle continuously. Perfect rolling motion in this case 
means a mechanical process where there is no slippage if this is applied to the mechanics of gears. As 
hopefully clear well before now to the reader, this represents a ‘closed’ non commuting algebra. 
 

           
 

 
 
Fig. 4.31. a) Perfect rolling motion of logarithmic spiral components. b) Applied to left-right symmetry transformations of 
Calabi-Yau brane topology such that while the A,B,C tower is meant to represent the usual closed quaternionic space-antispace 
algebra; the A,B,C and A’B’C’ towers together when doubled again as in c) will be able to cyclically commute and anti-
commute (requires an additional mirror symmetric doubling with trefoil-like involution and parameters of parallel transport to 
finally cyclically break closure of the algebra. c) Hierarchical structure of HD space reducing to a 3-space resultant. The 
redundant A,B,C quaternionic copies shown for 2 cubic vertices, should be made to correlate with each of the 8 vertices of the 

Euclidean 3-space cube in order to fully represent complex 8-space, 4 ; done beautifully with the Fano snowflake in Chap. 
12. 
 
 If you're not a mechanical engineer, you may not have guessed already that after a certain number 
of cycles the set of three cycloids returns to the precise original position. Now in terms of the next figure 
(4.31) let's apply this to a second doubling or duality to Rowlands’ space anti-space quaternion model 
which of course is going to have to include Calabi-Yau mirror symmetry. What we propose 
metaphorically here is that with the utility of the complex quaternion Clifford algebra we can 
mathematically describe how to break the closure inherent in one of the mirror symmetric partners and 
describe cycles relative to both mirror symmetric partners that additionally pass through cycles of 
commutativity and anti-commutativity with each other. We cannot surmount the uncertainty principle 
utilizing a closed algebra - the mathematical description of course. 
 This is similar to the property revealed in Fig. 4.10 with the rotating of the wind generator propellers 
cycling from Chaos to Order; and also similar to passing by a fruit orchard, rows of chairs in an 
auditorium or the tombstones in a graveyard where one's line of sight is alternatingly blocked and 
alternatingly open to infinity in similitude also to wave particle duality again in terms of the rotations 
inherent to the cyclicality of the LCU backcloth tessellating space antispace - talking about nodes in the 
hyperspherical structure inherent in the HD components ‘behind’ our 3-space virtual reality. We assume 
that all matter cyclically emerges from spacetime. In order to perform our experiment, we need to 
‘destructively-constructively’ interfere with this process. In the model being developed this requires 
finding a cyclical beat-frequency to the creation and annihilation process of spacetime and matter.  
 In summary we have the 3-level tiered Sagnac Effect resonance hierarchy of electrons nucleons and 
spacetime. The counter-propagating properties of the Sagnac Effect that violates special relativity in the 
small-scale will most likely be relevant to this process. For the standing-wave oscillator, the gap 
between R1 & R2 (Fig. 12) in the beat frequency of spacetime we take our ‘little laser blaster’ starting 
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at the R1 bandwidth, when we reach the right point we will get a reflected blip, which will be our first 
new spectral line in hydrogen.  
 Some experimental evidence has been found to support this view showing the possibility that this is 
the same property that the interaction of these extended structures in space involve real physical vacuum 
couplings by resonance with the subquantum Dirac ether. Because of photon mass the CSI model, any 
causal description implies that for photons carrying energy and momentum one must add to the restoring 
force of the harmonic oscillator an additional radiation (decelerating) resistance derived from the em 
(force) field of the emitted photon by the action-equal-reaction law.  
 The corresponding transition time corresponds to the time required to travel one full orbit around 
the nucleus. Individual photons are extended spacetime structures containing two opposite point-like 
charges rotating at a velocity near c, at the opposite sides of a rotating diameter with a mass, m =10-65

 

g and with an internal oscillation E = m2= hv. Thus a new causal description implies the addition of a 
new component to the Coulomb force acting randomly and may be related to quantum fluctuations. We 
believe this new relationship has some significance for our model of vacuum C-QED blackbody 
absorption/emission equilibrium. 
 The purpose of this simple experiment is to empirically demonstrate the existence of LSXD utilizing 
a new model of TBS in the hydrogen atom until now hidden behind the veil of the uncertainty principle. 
If for the sake of illustration, we arbitrarily assume the s orbital of a hydrogen atom has a volume of 10 
and the p orbital a volume of 20, to discover TBS we will investigate the possibility of heretofore 
unknown volume possibilities arising from cyclical fluctuations in large XD Calabi-Yau mirror 
symmetry dynamics. This is in addition to the Vigier TBS model. As in the perspective of rows of seats 
in an auditorium, rows of trees in an orchard or rows of headstones in a cemetery, from certain positions 
the line of sight is open to infinity or block. This is the assumption we make about the continuous-state 
cyclicality of HD space. Then if the theory has a basis in physical reality and we are able to measure it 
propose that at certain nodes in the cycle we would discover cavity volumes of say 12, 14, and 16. We 
propose the possibility of three XD cavity modes like ‘phase locked loops’ depending the cycle position 
- maximal, intermediate and minimal.  
 

     
 

Fig. 4.32. We model our spacetime MOU QED cavity as a hysteresis loop of UFM charge. The cavity opens and closes; timing 
is crucial.   
 

The lag of a magnetic material called Magnetic Hysteresis, relates to the magnetization properties 
of a material by which it first becomes magnetized and then de-magnetized. The magnetic flux 
generated by an electromagnetic coil is the amount of magnetic field force produced within a given 
area, called Flux Density. Using symbol B, the unit of flux density is the Tesla, T. Also, the Magnetic 
Strength, H of an electromagnet depends on the number of turns of the coil around the core, and the 
current flowing through the core. The relative permeability, r  is defined as the ratio of the absolute 

permeability   and the permeability of free space o  (vacuum) which is a constant. The relationship 

of flux density, B and the magnetic field strength, H can be defined by the fact that the relative 
permeability, r is not a constant but a function of the magnetic field intensity, so that the magnetic flux 

density is B = H.  Then the magnetic flux density in the material will be increased by a larger factor 
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as a result of its relative permeability for the material compared to the magnetic flux density in vacuum,

0H  and for an air-cored coil this relationship is given as: 0B =  / A  with B / H =  . 

The magnetic flux does not completely disappear since the core material retains some of its 
magnetism even when the current has stopped flowing in the coil. The ability of a coil to retain some 
magnetism within the core after the magnetization process has stopped is called retentivity or 
remanence, while the amount of flux density still remaining in the core is called Residual 
Magnetism, BR. 

 

 
 
Fig. 4.33. The charge characteristics of nested Hysteresis loops can be used as a method for modeling the cyclic cavity 
dynamics of fermionic space-antispace parameters. Our postulate is that the Dirac polarized vacuum can demonstrate 
hysteresis properties. 
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PART 5 
New Classes of Quantum Algorithms 
 
Quantum algorithm research and development remains in its infancy, because although a fair number 
of quantum gates and qubit technology platforms exist, it is safe to say that until an actual Universal 
Quantum Computer (UQC) implementation capable of bulk operation occurs, a complete conception of 
what sufficient quantum algorithms are seems unlikely; especially if much of the novel new parameters 
proposed in this monograph are required. Meaning for example, that the first bulk quantum computing 
system might in actuality be scalable, but there may be a dearth of quantum algorithms to implement 
sufficient quadratic speedup for practical utility beyond classical computing. We propose a new class 
of unified field mechanical (UFM) based holographic quantum algorithms with asymptotic speedup 
beyond the purely classical holographic reduction algorithmic process currently under development 
even to the point of a new class of instantaneous algorithms. There is recent talk of an end to locality 
and unitarity as a new basis for QC, along with the new field relativistic information processing (RIP); 
these scenarios may cause dramatic changes in QC research. 
 
 

5.1 Introduction - From al-Khwarizmi to Unified Field-Gorhythms 
 
The concept of ‘Algorithm’ reaches back to the creation of Arabic numerals in the 9th Century by Abu 
Jafar Muhammad ibn Musa al-Khwarizmi (Latin Algoritmi) and the methods of calculation utilizing 
them. He developed solutions to six varieties of linear and quadratic equations. His famous treatise on 
the subject, Hisab al-jabr w'al-muqabala, translated into Latin as Liber algebrae et almucabala, gave 
us the word ‘algebra’ [1,2]. The House of Wisdom at Baghdad during his lifetime was the Golden Age 
of Arabic science and mathematics. 
 In simplest terms, a classical algorithm is a finite sequence of instructions, step-by-step process or 
set of rules followed in calculations or other computed logical operations which always terminates. A 
quantum algorithm runs on a realistic model of quantum information processing, usually applied to 
algorithms that are inherently quantum using some essential feature of quantum computation such 
as quantum superposition or entanglement. The development of algorithms for simulating quantum 
mechanical systems was Feynman’s original motivation for proposing a quantum computer [1]. 
Quantum algorithms require modules that are uniformly scalable and reversible (unitary) that can be 
efficiently implemented; the most commonly used model has been the quantum circuit model [3,4]. 

Generally, an algorithm is the procedure or set of instructions used to perform an information 
processing task. According to the strong Turing-Church thesis: Any algorithmic process can be 
simulated efficiently using a probabilistic Turing machine. Here, the word efficiently classifies 
algorithms into two main complexity classes - P and NP, where P is a polynomial type algorithm and 
NP the non-deterministic polynomial type algorithm. An algorithm is of the P-class if it has an ‘efficient 
solution’, meaning it runs in a polynomial time the size of the problem to be solved. An NP-class 
algorithm does not have an efficient solution or requires super-polynomial (usually exponential) time. 
For example, prime factorization of an integer is NP-type algorithm because no efficient solution is 
known for solving the problem. Deutsch first showed by a simple example the existence of an efficient 
QC solution for a classically classified NP problem [5]. In 1994, Shor demonstrated that prime 
factorization has an efficient solution in QC. But only a few NP-class problems can be solved efficiently 
with a QC [6]. Numerous NP-class problems exist for which no efficient algorithm is known even in 
QC. Although it is clear that P is a subset of NP, but whether P6 = NP or P = NP is still an unsolved 
puzzle to the QC research community [4]. 

In general, input to a quantum algorithm consists of n classical bits, and the output also consists of 

n classical bits. If the input is an n-bit string x, then the QC takes input as n qubits in state x . Then a 

series of quantum operations are performed, at the end of which the state of the n qubits is transformed 
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to some superposition .yy
y  Afterwards, a measurement is made, which has as output the n-bit 

string y with probability 
2

y [4].  

 
   

5.2 The Church-Turing Hypothesis 
 
The Church-Turing thesis states that any function that can be computed by a physical system can be 
computed by a Turing Machine. Many mathematical functions cannot be computed on a Turing 

Machine such as the halting function  : 0,1h   that decides whether the ith Turing Machine halts 

or the function that decides whether a multivariate polynomial has integer solutions. Therefore, the 
physical Church-Turing thesis is a strong statement of belief about the limits of both physics and 
computation. Some functions can be computed faster on a quantum computer than on a classical one, 
but, as noticed by Deutsch [5,7], this does not challenge the physical Church-Turing thesis itself: a QC 
could even be simulated by pen and paper, through matrix multiplications. Therefore, what they 
compute can be computed classically.  

Several researchers have pointed out that Quantum theory does not forbid, in principle, that some 
evolutions would break the physical Church-Turing thesis [8-10]. Technically, the only limitation upon 
quantum evolution is that it be by unitary operators. Then, as Nielsen argues, it suffices to consider the 

unitary operator, , ( ) ,U i h i b i b  , with i over integers and b over  0,1 , to have a 

counterexample [9].  
The paradox between Deutsch’s and Nielsen’s arguments is only an apparent one as both are valid; 

the former applies specifically to Quantum Turing Machines and the latter to full-blown quantum 
theory. This is not satisfactory; if Quantum Turing Machines are to capture Quantum theory’s 
computational power, it falls short, and needs amending. Unless in contrast, quantum theory itself needs 
to be amended, and its computational power brought down to the level of the Quantum Turing Machine 
[11,12]. Most likely quantum theory will be amended.  

It was known very early on that quantum algorithms cannot compute functions that are not 
computable by classical computers, however they might be able to efficiently compute functions that 
are not efficiently computable on a classical computer [5]. This scenario may evolve also. 

 
 

5.3 Algorithms Based on the Quantum Fourier Transform  
 
The first QC algorithms were called the ‘black-box or ‘oracle’ framework, where part of the input is a 
black-box implementing a function f(x). The only way to extract information about f was to evaluate it 
on the x inputs. These early algorithms used a special case of the quantum Fourier transform, the 
Hadamard gate. This allowed a problem to be solved with fewer black-box evaluations of f than a 
classical algorithm would need [12]. Deutsch [7] formulated the problem of deciding whether a 

function,    : 0,1 0,1f   was constant. If one has access to a black-box implementing f reversibly 

by mapping , 0 , ( );x x f x  one further assumes that the black box does implement a unitary 

transformation Uf mapping 0 ( ) .x x f x  Deutsch’s problem is to output “constant” if f(0) = 

f(1) and to output “balanced” if f(0) f(1), given a black-box for evaluating f. Thus, to determine
(0) (1)f f ( denotes addition modulo 2). Outcome ‘0’ means f is constant and outcome ‘1’ means 

f is not constant [12].  
Classical algorithms would have to evaluate f twice to solve the problem. A quantum algorithm can 

only apply Uf  once to produce 
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1 1
0 (0) 1 (1) .

2 2
f f                        (5.1) 

 
 With an end to the no-cloning theorem by UFM parameter based QC, another basis change will 
probably occur for QC development. 

Under these conditions, if f(0) = f(1), applying the Hadamard gate to the first register yields 0  with 

probability 1, and if f(0) f(1), then applying the Hadamard gate to the first register and ignoring the 

second register leaves the first register in the state 1  with probability 1/2; thus a result of 1  can only 

occur if f(0) f(1) [12].  
Of special interest, given  
 

0 1

1 1
0 1

2 2
                           (5.2) 

 
a ‘Hadamard test’ can be performed if a Hadamard gate is applied to the first qubit. A measurement 

will give ‘0’ with probability  1
0 12 Re   [12]. 

 
 
5.4 Exponential Speedup by Quantum Information Processing 
 
The salient utility of UQC is the offering of algorithms that will provide a fully exponential speed-up 
over classical algorithms, making them the most sought after research avenue for unleashing the power 
of QCs. Let’s follow the work of Aaronson for finding a general theorem for developing exponential 
speedups from quantum algorithms; in recent efforts he makes two advances toward such a theorem in 
the black-box model where most quantum algorithms operate [13].  
 
• First, Aaronson shows for any problem invariant under permuting inputs and outputs that has 

sufficiently many outputs (like collision and element distinctness problems), the quantum query 
complexity is at least the 7th-root of classical randomized query complexity. Earlier he found a 9th-
root [14], resolving a conjecture of Watrous [15].  
 

• Second, inspired by work of O’Donnell [16] and Dinur [17], he conjectured that every bounded low-
degree polynomial has a ‘highly influential’ variable. (A multivariate polynomial p is bounded if 0 
≤ p(x) ≤ 1 for all x in the Boolean cube.) Assuming this conjecture, he then showed that every T-
query quantum algorithm can be simulated on most inputs by a TO(1)-query classical algorithm. 
Essentially one cannot hope to prove P  BQP relative to a random oracle. 

 
Perhaps the central lesson gleaned from fifteen years of quantum algorithms research is this: Quantum computers can 

offer superpolynomial speedups over classical computers, but only for certain “structured” problems. The key question, of 
course, is what we mean by “structured.” In the context of most existing quantum algorithms, “structured” basically means 
that we are trying to determine some global property of an extremely long sequence of numbers, assuming that the sequence 
satisfies some global regularity [13]. 

 
Aaronson offers period finding as a canonical example, the core of Shor’s factoring algorithms and 

computing discrete logarithms [18] where black-box access to exponentially-long sequences of integers 
X = (x1,…,xN) is given; that is, to compute xi for a given i. We find the period of X, that is, the smallest 
k > 0 such that xi = xi−k for all i > k with the promise that X is indeed periodic, with period k N (and 
that the xi values are approximately distinct within each period). The requirement of periodicity is 
crucial: it lets us use the Quantum Fourier Transform to extract the information we want from a 
superposition of the form 
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1

1
.

N

i
i

i x
N 
                                     (5.3) 

 
For other known quantum algorithms, X needs to be a cyclic shift of quadratic residues [19], or constant 
on the cosets of a hidden subgroup.  

By contrast, the canonical example of an ‘unstructured’ problem is the Grover search problem. 

Black-box access is given to an N-bit string    1,..., 0,1 ,
N

Nx x   and we are asked whether there 

exists an i such that xi = 1. Grover formulated a quantum algorithm to solve this problem using  O N

queries [20], as compared to the ( )N  needed classically. However, Bennett et al. showed this 

quadratic speedup is optimal [21]. For other “unstructured” problems see [22-26]. 
This ‘need for structure’ limits prospects for super-polynomial quantum speedups to areas of 

mathematics likely to produce similar periodic sequences or sequences of quadratic residues. This is 
the fundamental reason why the greatest successes of quantum algorithm research have been 
cryptographic, specifically in number-theoretic cryptography. This helps to explain why there are no 
fast quantum algorithm to solve NP-complete problems, or to break arbitrary one-way functions [13,27].  
 

 
 

Fig. 5.1. Quantum walk algorithm graph. Figure adapted from [27]. 
 

Quantum walk algorithms can achieve provable exponential speedups over any classical algorithm 
(in query complexity), but according to Childs et al. only for extremely fine-tuned’ graphs [27]. 

In the 20 years since the appearance of Shor’s factoring algorithm only a few additional quantum 
algorithms like Grover’s search and quantum walks have appeared. Aaronson claims that while there 
are a number of exponential and polynomial speedup algorithms, “there just aren’t that many 
compelling candidates left for exponential quantum speedups” [28].  

 

 
 

Fig. 5.2. Shor-like Fourier transform algorithms. 
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Factoring algorithms can break almost all public-key cryptosystems used today, but theoretical 
public-key systems exist that are unaffected, causing one to ask, ‘Can Shor’s algorithm be generalized 
to nonabelian groups?’ [28]. 

Grover-like algorithms provide Quadratic speedup for any problem involving searching an 
unordered list, provided the list elements can be queried in superposition. This implies subquadratic 
speedups for many other basic problems [21]. For black-box searching, the square root speedup of 
Grover’s algorithm is the best possible approach [29-31]. 

It was shown, if a fast, classical exact simulation of boson sampling is possible, then the polynomial 
hierarchy collapses to the third level. Experimental demonstrations with 3-4 photons were achieved [29-
31]. 

 
 
Fig. 5.3. Boson sampling algorithm. Identical single photons sent through network of interferometers, then measured at output 
modes. Figure adapted from [28]. 
 
 
5.5 Classical Holographic Reduction Algorithms 
 
Yes, holographic algorithms (HA) already exist, a concept originated by Valiant in 2004 [32]. HA 
utilize a process called ‘holographic reduction’ mapping solution fragments ‘many-to-many’ so that the 
summation of solution fragments remains unchanged. Valiant coined the term HA because "their effect 
can be viewed as that of producing interference patterns among the solution fragments” [32]. The power 
of HA comes from the mutual cancellation of many contributions to a sum, analogous to the interference 
patterns in a hologram [33]. So far HA have discovered solutions to previously unsolved polynomial 
problems. Although HA have some similarities to quantum computation, they are currently completely 
classical in nature [34].  

Holographic algorithms occur in the context of what is called Holant problems, which generalize 
counting Constraint Satisfaction Problems (#CSP). A #CSP example is the hypergraph G = (V,E) also 
called a constraint graph. Each hyperedge is a variable and each vertex, v is assigned a constraint, .vf  

A vertex is connected to a hyperedge if the constraint on the vertex involves the variable on the 
hyperedge. The counting problem is to compute 

 

             
 

  
: 0,1

,v v
E v V

f E



 
                               (5.4) 

 
which is a sum over all variable assignments, the product of every constraint, where the inputs to the 
constrain fv are the variables on the incident hyperedges of v. 
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A Holant problem is similar to a #CSP except the input must be a graph, not a hypergraph. For a 
#CSP instance, one replaces each hyperedge, e of size, s with a vertex, v of degree, s with edges 
incident to the vertices contained in e. The constraint on v is the equality function of s identifying all 
the variables on the edges incident to v. For Holant problems, Eq. 5.4 is called the Holant after a related 
exponential sum introduced by Valiant [35]. To further clarify, Holant is a framework of counting 
characterized by local constraints. It is closely related to other well-studied frameworks such as #CSP 
and Graph Homomorphism. An e dichotomy for such frameworks can immediately settle the 
complexity of all combinatorial problems expressible in that framework. Both #CSP and Graph 
Homomorphism can be viewed as sub-families of Holant with the additional assumption that the 
equality constraints are always available [35]. 

Considering holographic reduction, for a bipartite graph G = (U,V,E} the constraint assigned to each 

vertex  is uu U f , likewise for vertex  is vv V f . This counting problem is Holant( , , ).u vG f f  

Thus for a complex 2 x 2 invertible matrix T, there is a holographic reduction between 

Holant( , , )u vG f f  and 
   deg deg1Holant( , , , ( ) ).

u v

u vG f T T f
   Thus, Holant( , , )u vG f f  and 

   deg deg1Holant( , , , ( ) )
u v

u vG f T T f
   have precisely the same Holant value for all constraint graphs, 

essentially defining the same counting problem, which can also be proved using holographic reduction. 
Valiant’s original application of holographic algorithms used holographic reduction which has since 
been used in polynomial time algorithms and proofs of #P-hardness [36]. 

 
5.6 Ontological-Phase UFM Holographic Algorithms 
 

To try to stop all attempts to pass beyond the present viewpoint of quantum physics could be very dangerous for the 
progress of science and would furthermore be contrary to the lessons we may learn from the history of science. This teaches 
us, in effect, that the actual state of our knowledge is always provisional and that there must be, beyond what is actually 
known, immense new regions to discover – de Broglie [37]. 

 
A fundamental theory is needed which would tell us from first principles when quantum speedups are 
possible. There is a related longstanding open problem: Is there any Boolean function with a quantum 
quantum/classical gap better than quadratic? A Boolian function, f is simply 

 

               : 0,1 0,1
n

f                                     (5.5) 

 
with n input bits and a single output bit [4]. We will answer yes below. 

There are new results from Ben-David: If  : 0,1NF S  is any Boolean function of permutations, 

then D(F) = O(Q(F)12). If F is any function with a symmetric promise, and at most M possible results 
of each query, then R(F) = O(Q(F)12(M-1)) [38]. We need a ‘structured’ promise if we want an exponential 
quantum speedup. Exponential quantum speedups depend on structure. For example, abelian group 
structure, glued-trees structure, or relational structure… 

The term Semiclassical in common usage means: intermediate between a classical Newtonian 
description and one based on quantum mechanics or relativity. Semiclassical physics, refers to a theory 
in which one part of a system is described quantum-mechanically whereas the other is 
treated classically. For example, external fields will be constant, or when changing will be classically 
described. In general, it incorporates a development in powers of Planck's constant, resulting in the 
classical physics of power 0, and the first nontrivial approximation to the power of (−1). In this case, 
there is a clear link between the quantum mechanical system and the associated semi-classical and 
classical approximations. 

Now for UFM, we create a new term, semi-quantum where one part will be quantum and the other 
part UFM. This is a small regime of finite radius called the Manifold of Uncertainty (MOU). This is the 
1st step in the realization that the central pillars of quantum field theory, spacetime, locality and unitarity 
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are to be superseded. In assuming the universe is a huge information processor, in terms of unitarity and 
locality (phenomenal) each distinct point is like a central processing unit (CPU), but in the move to 
nonlocality and holographic (ontological) ballistic processing, there is no CPU; there is a simultaneity 
of information at each tessellated node. Clearly, I am trying to say this scenario is not classical or 
quantum, but a unified field mechanical ontology. It is hard to fathom what kind of algorithm, from a 
new class of holographic ontological algorithms able to operate without decohering the wavefunction, 
this leads to.  

Creative thinking has already begun to skirt this empyrean realm:  
 

All we experience is nothing but a holographic projection of processes taking place on some distant surface that surrounds 
us. - Brian Greene 
 
Discovery of the amplituhedron could cause an even more profound shift … That is, giving up space and time as 
fundamental constituents of nature and figuring out how the … universe arose out of pure geometry … In a sense, we 
would see that change arises from the structure of the object, but it’s not from the object changing. The object is 
basically timeless. -  Nima Arkani-Hamed 

 

  
 
Fig. 5.4. 7-point Amplituhedron in P3 with Amplitude for 1 2 3 4 5 6 7 8          and its dual.  The Hubble sphere, HR 

may be one huge geometric Amplituhedron. 
 

Figure 5.4 is a sketch of the basic amplituhedron element, , , ;n k L mA  which lives in ( , ; )G k k m L , the 

space of k-planes Y in k + m dimensions, together with L 2-planes L1, … ,LL in the m-dimensional 
compliment of Y [41], representing an 8-gluon particle interaction using Feynman diagrams. The 
amplituhedron is a newly discovered mathematical object resembling a multifaceted jewel in HD. Encoded in 
its volume are the most basic features of reality that can be calculated - the probabilities of outcomes of particle 
interactions. This, or a similar geometric object, could help remove two deeply rooted physical 
principles: locality and unitarity from quantum field theories’ basic assumptions [39-41]. 

 
The amplitude form is positive when evaluated inside the amplituhedron. The statement is sensibly formulated thanks to 
the natural ‘bosonization’ of the superamplitude associated with the amplituhedron geometry. However, this positivity is 
not manifest in any of the current approaches to scattering amplitudes, and in particular not in the cellulations of the 
amplituhedron related to on-shell diagrams and the positive Grassmannian. The surprising positivity of the form suggests 
the existence of a ‘dual amplituhedron’ formulation where this feature would be made obvious [41].  
 
Locality is the idea that particles can interact only from adjoining positions in space and time, and 

unitarity states that the probabilities of all possible outcomes of a quantum mechanical interaction must 
add up to one. The amplituhedron is not built out of spacetime and probabilities; these properties merely 
arise as consequences of the jewel’s geometry. The usual picture of space and time, with particles 
moving around in them, is a construct. “Locality and unitarity emerge hand-in-hand from the positive 
geometry of the amplituhedron” [39-41]. What is beyond the end to locality and unitarity as we know 
it? 
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In a confoundingly humorous parody Scott Aaronson has this to say about the amplituhedron: 
 

My colleagues and I have been investigating a mathematical structure that contains the amplituhedron, yet is even richer 
and more remarkable. I call this structure the 'unitarihedron'…The unitarihedron encompasses, within a single abstract 
'jewel,' all the computations that can ever be feasibly performed by means of unitary transformations, the central operation 
in quantum mechanics (hence the name). Mathematically, the unitarihedron is an infinite discrete space: more precisely, 
it's an infinite collection of infinite sets, which collection can be organized (as can every set that it contains!) in a recursive, 
fractal structure. Remarkably, each and every specific problem that quantum computers can solve - such as factoring large 
integers, discrete logarithms, and more - occurs as just a single element, or 'facet' if you will, of this vast infinite jewel. By 
studying these facets, my colleagues and I have slowly pieced together a tentative picture of the elusive unitarihedron itself 
[42]. – Scott Aaronson.  

 
Aaronson’s parody is of course justified, especially at this stage of development. The QC paradigm 
until now has been local and semiclassical. Aaronson himself said, ‘UQC will require a new discovery 
in physics’. Our hypothesis non fingo is that this putative discovery in physics is in fact a Gödelization 
beyond quantum mechanics (unitarity and locality) into the 3rd regime of reality dubbed UFM. We have 
seen that holographic computing algorithms are classical; we are not just looking for a quantum 
holography (already exists in NMR spectroscopy), we are proposing a special new class of UFM 
algorithms. In the course of preparing this volume our opinion on this matter has evolved. We thought 
that the existing body of QC research would suffice; and what we had to add to the mix was ontological 
measurement without collapse and violation of the no-cloning theorem. We hope it is obvious that 
opinion has changed. If one has the stamina to read this whole volume, one sees we expend a lot of 
effort skirting around issues without doing much of the math. This is our excuse; NASA flew around 
the moon a couple times before actually landing on it. 

Since the framework of quantum mechanics seems to rest on unitarity, most physicists will tend to 
look for possible ways to get around such a drastic modification. In quantum physics, unitarity is a 
restriction on the allowed evolution of quantum systems that ensures the sum of probabilities of all 
possible outcomes of any event is always 1. 

Giving up space and time as fundamental constituents of nature and figuring out how the 
cosmological evolution of the universe arose out of pure geometry is a fascinating opportunity. In a 
sense, we would see that change arises from the structure of the object. But it's not from the object 
changing. The object is basically timeless. The revelation that particle interactions, the most basic events 
in nature, may be consequences of geometry significantly advances a decades-long effort to reformulate 
quantum field theory, describing elementary particles and their interactions. Interactions that were 
previously calculated with mathematical formulas thousands of terms long can now be described by 
computing the volume of the corresponding jewel-like 'amplituhedron,' which yields an equivalent one-
term expression [39-41]. 

In the quantum world probabilities were expressed as complex numbers, with both a quantity and a 
phase, and these so-called amplitudes were squared to produce probability. This was the mathematical 
procedure necessary to capture the wavelike aspects of particle behavior. Probability amplitudes were 
normally associated with the likelihood of a particle's arriving at a certain place at a certain time [43]. 
Feynman said he would associate the probability amplitude ‘with an entire motion of a particle’-with a 
path. He stated the central principle of quantum mechanics: ‘The probability of an event which can 
happen in several different ways is the absolute square of the sum of complex contributions, one from 
each alternative way’. These complex numbers, amplitudes, were written in terms of classical action; 
Feynman showed how to calculate the action for each path as a certain integral [44-55].  

 
 

5.7 The Superimplicate Order and Instantaneous UQC Algorithms 
 
Who might have guessed there might be a class of QC algorithms better than polynomial and 
exponential speed QIP. Let’s take a peek at the basis for possible instantaneous algorithms. It is 
generally known that information passes instantaneously in systems of EPR correlated photons. We 
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know how to parametric down-convert entangled EPR pairs; what if we can learn parametric up-
conversion utilizing the tenets of UFM? 

Following Bohm, we assume a field, ( , )x t  will take the form of a wavepacket, 

( , ) ( , )c c s sF x t F x t   with ,c s   real and positive proportionality factors; then functions, ( , )x t

orthogonal to Fc(x,t) and  Fs(x,t) will have no effect on the factor in front of 0 , meaning their variation 

will be the same as in the ground state. Thus chaotic variation of the field will be modified by statistical 
tendencies to change around an average form of the wavepacket,   

 
 

             0' k k
k

f q   .                                     (5.6) 

 

In (5.6) the sum is over all k and no restriction made that k kf f 
   because the wave function is 

complex even though f(x) is real. Considering k kq q
   we write 
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where 
'
indicates

k  summation over a suitable half of the total set of k values. With the assumption in 

(5.7) that the space average of the field, f0 = 0 we write 
 
 

  0' exp .k k
k

f q ikt                            (5.8) 

 

Then write  ' expk k
k

g f q ikt  , giving 0R gg      [37].  

 According to Bohm, inside this wave packet the super-quantum potential introduces nonlocal 
connections between fields at different points separated by a finite distance (unlike ground state). Now 
we write the quantum potential as 
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                                   (5.9) 

 
Now we evaluate the quantum potential change from the ground state, 
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               (5.10) 

 
For a wave packet with only a small range of wave vectors, the factor, k on the right reduces to the fixed 
number, k0, while the remaining factors reduce to unity. This term varies with time, but we are only 
interested in the wave packets for which the spread of k makes negligible contributions. But when the 
qk are expressed in terms of ( )x as in 
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 1/ exp ( )kq V ik x x dV                       (5.11) 

 
the quantum potential reduces to  
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       (5.12)  

 
It should be obvious the term implies nonlocal interaction between ( )x  at one point and ( )x  at other 

points where the integrand is substantial. Writing 0 ,Q Q Q    with 0Q the quantum potential of the 

ground state as given in  
 

         0 exp ( ) ( ) ( )x x f x x dVdV                       (5.13) 

 
as taken from (5.11) with the t coordinate suppressed and where 

 ( ) 1/ ' exp ( )
k

f x x V k ik x x      , we can write the field equation  

 

             
2

2
2

Q

t

 



  


                                    (5.14)  

 
as  

2
2 0

2

QQ

t

 
 

 
   


.                          (5.15) 

 
Using (5.13) and expressing Q in terms of ( )x by Fourier analysis Bohm obtains, [37] 
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        (5.16) 

 
 Remember from the ground state, the field is static because the effect of the quantum potential 

cancels out the Laplacian, 2  in the field equation. 2 is the Laplacian or divergence of the gradient 

of a function, ( )f p on a point, p in Euclidean space. Now with (5.16) in the excited state there is an 
additional term causing the wavepacket to move, and as happens with the quantum potential, the field 
equation is nonlocal and nonlinear [37].  
 The point we have been building up to in this section, is that the nonlocality represents an 
instantaneous connection of the field at different points in space. However, as Bohm reminds us, this is 
significant only over the extent of the wavepacket. In the usual interpretation, the spread of the 
wavepacket applies to a region within which, according to the uncertainty principle, nothing whatsoever 
can be said regarding what is happening. Therefore, the de Broglie-Bohm-Vigier causal interpretation 
[56] attributes nonlocality only to situations in which the usual interpretation cannot attribute well-
defined properties [37]. 
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 It is of key importance to note that a wavefunction of the form   0expkq ikt     does not 

correspond to the usual picture of an oscillation. This is shown by (5.16) because the term 2 is absent. 

This result follows because stationary wavefunctions usually correspond to static situations 
contradicting intuitive expectations of a dynamic state of motion [37]. 

But Bohm was only thinking from a 4D Standard Model perspective, in terms of an amplituhedronic-
type (volume) for a Wheeler-DeWitt wavefunction of the universe, 0H   instantaneous EPR-
holographic algorithms should prove possible with sufficient UFM insight. 

When considered in terms of our UFM brane topological additions to the structure of matter and 
Bohm’s superimplicate order, full utility of nonlocal information as hinted by EPR correlations hints at 
the possibility of instantaneous algorithms. 
 
 
5.8 Some Ontological-Phase Geometric Topology 
 
The simplest example of ontological-phase eversion is in the transformation of the ambiguous vertices 
of the Necker cube. The form of a cube by itself is not oriented; any set diagonal pairs could apply to 
eversion. With 6 faces and 4 vertex positions each, this gives 24 possible directed orientations; the 
important point is that the phase eversion must be directed by the topological charge of the unified field. 
 

          
 

Fig. 5.5 a) The two ontological states of the ambiguous or Necker cube, 0 and 1. b) Vertices and ambiguous vertices labeled. 
Solid lines (B) front, dashed lines (H) rear. 
 
With the 8 vertices labeled and 25 orientations, steps to create an algebra to describe rotations or dual-
morphic projections can be taken. In Fig. 5.5a there is no distinction between as to whether 0 or 1 
represents the front or rear face. This is called the Topology of Ambiguity.   
 

 
 

Fig. 5.6 Ambiguous truth table, showing how holographic r-qubits might be built up. 
 
Ambiguous geometric/topology is the most rudimentary indicia of ontological information processing. 
For instantaneity to occur each point (no longer a point but structure beyond in nonlocality) must be a 
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ballistic processor. In simplest form evolution is governed by a Bohmian super-quantum potential or 

force of coherence of the unified field,   ,NF  where   is UFM topological charge, and  the 

radius of action.  

 
 

Fig. 5.7. Topological geometry of an isolated LCU described by the UFM equation. The center might be one oscillating L-R 
static-dynamic ‘Casimirror’ half producing the knotted shadow fermion vertex in an x,y plane in 3-space.  
 

The quaternions, H, are a 4D algebra with basis 1,i,j,k. To describe the product, we could give a 
multiplication table, but it is easier to remember that: 
 
 1 is the multiplicative identity, i,j, 
  and k are square roots of -1, 
 we have ij = k, ji = -k, and all identities obtained from these by cyclic permutations of (i,j,k) [57]. 
 
The last rule is summarized in Fig. 5.8. below: 
 

 
 

Fig. 5.8. Clockwise counterclockwise cyclicality of the quaternion algebra. 
 

When we multiply two elements going clockwise around the circle we get the next one: for example, 
ij = k. But when we multiply two going around counterclockwise, we get minus the next one: for 
example, ji = -k. 
We can use the same sort of picture to remember how to multiply octonions: 
 

 
 

Fig. 5.9. The Fano plane, a) Graph showing the cyclic relationship of the Octonions. b) Index doubling by rotating the Fano 
plane 1/3 of a turn.   
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The Fano plane (Fig. 5.9), a graphic with 7 lines and 7 points, completely describes the algebraic 
structure of the octonions, and the central circle describes the quaternions. The 'lines' are the sides and 
altitudes of the triangle, and the central circle contains all the midpoints of the sides. Each pair of distinct 
points lies on a unique line. Each line contains three points, and each of these triples has a cyclic 
ordering shown by the arrows. Index-doubling corresponds to rotating the plane 1/3 of a turn (right). 
If ei,ej, and ek are cyclically ordered in this way then eiej, = ek, ejei, = -ek. Together with these rules: 
 
 1 is the multiplicative identity, 
 e1,…,e7 are all square roots of -1 [57]. 
 

Can we go deeper? The Fano plane is the projective plane over the 2-element field  2 . In other 

words, it consists of lines through the origin in the vector space  3
2 . Since every such line contains a 

single nonzero element, we can also think of the Fano plane as consisting of the seven nonzero elements 
of 3

2 . If we think of the origin in 3
2  as corresponding to1 O , we get the following picture of the 

octonions: 

 
 

Fig. 5.10. Octonions subalgebras. 
 

Planes through the origin of this 3D vector space give subalgebras of O isomorphic to the 
quaternions, lines through the origin give subalgebras isomorphic to the complex numbers, and 
the origin itself gives a subalgebra isomorphic to the real numbers. This is a description of the 
octonions as a 'twisted group algebra'. Given any group G, the group algebra   G  consists of 

all finite formal linear combinations of elements of G with real coefficients. This is an associative 

algebra with the product coming from that of G. We can use any function  2: 1G    to 'twist' this 

product, defining a new product      : G G G     by  , ,g h g h gh   where 

 , .g h G G    One can figure out an equation involving   that guarantees this new product will 

be associative. In this case we call   a '2-cocycle'. If satisfies a certain extra equation, the product   
will also be commutative, and we call   a 'stable 2-cocycle' [57].  

For example, the group algebra  2Z    is isomorphic to a product of 2 copies of  , but we can 

twist it by a stable 2-cocyle to obtain the complex numbers. The group algebra 2
2Z    is isomorphic 

to a product of 4 copies of  , but we can twist it by a 2-cocycle to obtain the quaternions. Similarly, 

the group algebra 3
2Z    is a product of 8 copies of  , and what we have really done in this section 

is describe a function that allows us to twist this group algebra to obtain the octonions. Since the 
octonions are nonassociative, this function is not a 2-cocycle. However, its coboundary is a 'stable 3-
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cocycle', which allows one to define a new associator and braiding for the category of 2
2Z   -graded 

vector spaces, making it into a symmetric monoidal category [58]. In this symmetric monoidal category, 
the octonions are a commutative monoid object. In less technical terms: this category provides a context 
in which the octonions are both commutative and associative [57]. 
 Figure 5.11 is an adaptation of the Fano plane with many more degrees of freedom. Notice that the 
so-called Fano snowflakes involute into a 3-cube. The Fano snowflake graph also makes use of the 8th 
Necker ambiguous point. The central quaternionic cycle may also progress clockwise or counter-
clockwise. Thus with rotations, mirror reflections, dimensional reduction and expansion of the Necker 
double covering point and other topological moves, there are sufficient degrees of freedom for 
ballistically programming a nonlocal class of instantaneous UFM QIP algorithms. We would like to 
name the full set of moves - Ontological-phase eversion cycles. 
 

           
 

Fig. 5.11. a) Six snowflakes on the rim of fano plane. b) Notice that that the 6 snowflakes involute to form a 3-cube which 

also contains the dual projection  ,    double covering point of the ambiguous Necker cube.  

 
 
5.9 Summation 
 
I recall a critic of Aaronson’s Unitarihedron parody blog of the Amplituhedron calling Aaronson’s 
Unitarihedron a diaperhedron! There is always risk when a ‘bear’goes over the mountain ‘to see what 
he could see’ as the old nursery song goes. I still remember vividly Tom Toffoli chastising Vlasov a 
young Russian postdoc at the time at Physcomp96 regarding his paper putting forth a relativistic qubit; 
now 20 years later, finally, there is more and more talk of r-qubits and a new field of relativistic 
information processing is well under way. In any case there is no need for us to ‘shut up’ because we 
have ‘put up’ viable protocols, much simpler and more revealing than those being processed by the 
CERN LHC.  

Now here’s the rub; let’s consider a general case of n = 500 electron qubits in a linear superposition 
of all 2500 possible classical states, much larger than the number of particles estimated in the classical 
universe (1080): 
 

               
 0,1

.
n

x

x

x

                                        (5.17) 

 
This exponentially huge superposition is ‘the private world’ of the electrons involved and measurement 

only allows us to find the n bits (500) of information, 
2
.x  If our UFM model proves successful in 
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surmounting uncertainty, then measurement does not change the system leaving all 2500 possible 
superposed states intact. This also leads to violation of the no-cloning theorem.  
 I remember a quote by Feynman or Kip Thorne, (I forget which) ‘to be the 1st person on Earth to 
discover a new principle’. That’s the great fun of doing physics; enjoy a tiny moment before the hordes 
mass. I have to admit, ‘ontological-phase eversion cycles for instantaneous algorithms’, puts a spread 
of jam on my toast. I remember what noted Stanford neuroscientist (holographic brain) said to me once 
while we were watching a sunset by the ocean in Long Beach, CA USA arguing about how many images 
there were of the sun on the water surface, “aren’t we all in this together?”. Technological evolution 
continues to move asymptotically faster, 150 years for acceptance of Copernicus’ revolutions, 15 years 
to perform Einstein’s simple photoelectric effect experiment (after he was called an idiot and moron to 
his face). Any chance of getting one of the experiments proposed herein performed in 1.5 years? That 
would be about 2018… UQC could be that close if ‘angel investors’ appear in the midst.  
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