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Quantum computation is envisioned as the evolution of a system from an
Initial state to a final state by a unitary transform operator varying with
time and the states are the form of a gbit. Anything able to be expressed as
at least two states in the form of a gbit may be used as the hardware for
guantum computation. Examples include photon phase, photon intensity,
two atomic states, spin-half particles which are fermions entailing quarks
and leptons (e.g. electrons and neutrinos), photon polarization, and an
existing D-Wave Computer with electrons of Niobium at temperatures
approximating absolute zero. The potential of quantum computation is in
the application of quantum properties of superposition, interference,
entanglement, and uncertainty. Problems of decoherence and absence of
data compression may be addressed by topology of 2-D non-abelian anyons
and non-orthogonal states, respectively. There is success of verification and
validation of flight software by Lockheed Martin and Boeing running D-
Wave. Uncertainty is appropriate for Mars drones with quantum artificial
intelligence as is entanglement of 2 atoms and 2 photon modes for
communication, expandable to n-particle states. Machine learning of
robotics will improve by verification and validation backtesting of quantum
algorithms with (1) increasing available data through the eMerge app
concept to enable public participation and (2) using the quantum search in
2-D. Like the acceptance of new and existing physics equations and the
eMerge app, Ease of use and Usefulness lead to quantum computation
acceptance and associated acceleration.

This paper applies and builds and extends foundation publications in Aerospace America

Suggestions are welcome



Research Structure

e Introduction
= Quantum computation is envisioned as the evolution of a system from an initial state to a
final state by a unitary transform operator varying with time and the states are the form of a
gbit.
= Anything able to be expressed as at least two states in the form of a gbit may be used as the
hardware for quantum computation.

» Theoretical background

= Examples include photon phase, photon intensity, two atomic states, spin-half particles
which are fermions entailing quarks and leptons (e.g. electrons and neutrinos), photon
polarization, and an existing D-Wave Computer with electrons of Niobium at temperatures
approximating absolute zero.

= The potential of quantum computation is in the application of quantum properties of
superposition, interference, entanglement, and uncertainty.

= Problems of decoherence and absence of data compression may be addressed by topology of
2-D non-abelian anyons and non-orthogonal states, respectively.
» Detailed exploration of the topic with pictures and formulas

= There is success of verification and validation of flight software by Lockheed Martin and
Boeing running D-Wave.

= Uncertainty is appropriate for Mars drones with quantum artificial intelligence as is _
entanglement of 2 atoms and 2 photon modes for communication, expandable to n-particle
states.

= Machine learning of robotics will improve by verification and validation backtesting of
quantum algorithms with (1) increasing available data through the eMerge app concept to
enable public participation and (2) using the quantum search in 2-D.

e Brief summary

= Like the acceptance of new and existing physics equations and the eMerge app, Ease of use
and Usefulness lead to quantum computation acceptance and associated acceleration.

Abstract organized by research structure



Introduction B

 Quantum computation is envisioned as the
evolution of a system from an initial state to
a final state by a unitary transform operator
varying with time and the states are the form
of a gbit.

 Anything able to be expressed as at least two
states in the form of a gbit may be used as the
hardware for guantum computation.

ly>=c,|0>+c,|1>
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 Currently, quantum computation is envisioned as the
evolution of a system from an initial state to a final state by
a unitary transform operator varying with time and the
states are the form of a gbit.

¢ Quantum computation is currently envisioned as the evolution of a
system. The purpose of creating quantum computation is to enable
fast and secure computation. Understanding quantum mechanics is
essential to understanding quantum computation because quantum
mechanics explains the fundamental operations at the smallest scale.
Applying guantum mechanics to computations has promise
to operate at the smallest scale. Energy is conveyed in discrete of
units called quanta. Objects can be a superposition of different states
simultaneously. Some calculations could be performed fast because of
superposition. For example, lasers may be used to switch a calcium
Ion between two states. Quantum computation has the potential to
revolutionize the economy, research, and physics from the
Information age to quantum age like the information age
revolutionized the industrial age (Many sources for example
Hadhazy, pp. 22-27, 2016; Worden, p. 16, 2015).

Applying quantum mechanics to computations has promise to operate at the smallest scale.
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The purpose of this literature review is to review relevant research and theory, which for this paper
Is the two Physics Today articles, the three research papers by Dr. Masood, and the Zettili
textbook, to formulate the problem as the primary research question. The problem is to apply
guantum mechanics to computation: quantum computation. So, the purpose of this paper is to
describe and demonstrate quantum mechanics’ application to quantum computation.

* A literature review focusing on Physics Today articles indicates quantum computation is
envisioned as the evolution of a system from an initial state. Specifically, the initial state is in the
form of a wave function y with a zero subscript, where alternative sources usually uses un-prime
as the initial state

[$o) or |)
* As time (t) continues, evolution occurs by a unitary operator U transforming the initial state

U=f(
 such that the final state is in the form of a wave function y with a 1 subscript, where the textbook
usually uses prime as the final state

|'~P1> = ﬁ(t)hpo) or |y = U®P)
* 1n which the states are of the form of a gbit

[P} = ¢ol0) + ¢4 [1)
* where cis complex. The general form for n gbits is untangled

11...1
1/) 2.x=00..0 Cx | %)

= ¢o|0) + ¢41|1) forn=1
= Co0|00) + c10/10) + c¢1101) + ¢441]11) forn =2
= COO...O |00 0> + Clo_._ollo 0> + ...+ C11___1| + C11___1|11 1) fOT n

" =Cpo.0 |OO O) + -+ C11_.1|11 1) for n
Untangling the general form for n gbits
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« The transformation consists of an operator and a wave function. Either one or the other or both may be a function
of time t. The unitary transformation operator may be a function of time known as the Heisenberg picture, or the
wave function may be a function of time known as the Schrodinger picture, or both the may be a function of time
known as the Dirac picture, also known as the Interaction picture. For a unitary transform operator J(t)
varying with time, the Helsenberg picture is appropriate. The time dependence of the state is frozen. The Dirac
picture may be appropriate if the wave function is also a function of time. In either case, the nature of the unitary
transform operator U(t) is worth reviewing (Zettili, 2009, p. 572).

» The time evolution of a state [1(t)) can be expressed by means of the propagator, or time-evolution operator,
U(t,ty), as follows:

Y () = UL, to)[ho (1))
*  With
U(t, to) — e—i(t—to)ﬁ/h
» The operator U(t, ty) is unitary,
Ut(t, to)U(t, ty) =1
* and satisfies these properties as delineated in the textbook (Zettili, 2009, p. 572)
Ut,ty) =1
Ut(t, ty) = U7L(t, ty) = Uty t)
U(ty, t2)U(ty, t3) = U(ty, t3)

* As asystem absorbs or emits radiation, it undergoes transitions from one state to another (Zettili, 2009, p. 571,
810.1). States may be represented as wave functions, transitions may be represented by operators, and there are
many representations of wave functions and operators in quantum mechanics. The connection between the
various representations is provided by unitary transformations (Zettili, 2009, p. 571, §10.2). The three pictures
encountered most frequently in quantum mechanics are the Schrodinger picture, the Heisenberg picture, and the
Interaction picture. The Schrodinger picture is useful when describing phenomena with time-independent

Hamiltonians, whereas the Interaction and Heisenberg pictures are useful when describing phenomena with
time-dependent Hamiltonians. (Zettili, 2009, p. 571, 810.2)

Dirac picture: [Y(t)) = U(t, to) |, (1))
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* As an example of unitary transformation operator, all rotation operators are unitary (Zettili, 2009, Chap 7,
(7.41), p. 396). Specifically Exercises 2.16, p. 157, 2.40 & 2.41, p. 161 show

cosf sinf O 1 -1 0 0 0 -1
(— sinf cos6@ O),(l 0 0) 90" counterclockwise, (0 1 0 ) 90" clockwise
0 0 1 0 0 1 1 0 O
* An advantage of unitary operators is the original state is returned by operating with the adjoint
fory' = Uy then operating with the adjoint
Uty =Uutup =Uutuy =9
= Another example is the transformation matrix formed by Clebsch-Gordan coefficients, which is also unitary
(Zettili, 2009, Chap 7, Example 7.3 pp. 411-415). Specifically, Clebsch-Gordan coefficients are matrix elements of

a unitary transform (Zettili, 2009, Chap 7, (7.122), p. 406). An example unitary transformation depending on time
is worth considering where E,, are the energy eigenvalues and |y;) are the eigenfunctions of the Hamiltonian H only if

[¥1) = o)
U(t) = e {CHM 5o |p) = et g) or [ihy) = e~ {E-t)En/y))
» More generally, where Q or A an operator with @, or a,, as the eigenvalues, the unitary transformation is
O(t) = e U2/h or U(t) = e~ itA/R

e If “Quantum data processing consists of applying a sequence of unitary transformations to the state vector ¥”
(Bennett, 1995, p. 24)

= Uy where Uy operates on N number of unknown gbits (p.26),

* then the sequence of unitary transformations may be a series of unitary transformations that do not
depend on time. Therefore the unitary transformations may not be time dependent. In addition, the sequence
may not be time dependent. But according to Das Sarma, Freedman, and Nayak (2006, p. 32), the unitary
transform may be any unitary transform operator applicable and needed for each situation and is a function of
time

= U(t) where U = f(t)

» Quantum mechanics should be successfully applicable to computation (successfully meaning small, fast,
encrypted, and economical), using unitary transform of states, resulting in successful quantum computation.

Uy applying a sequence of unitary transformations
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Anything able to be expressed as at least two states in the form of a gbit may be used as
the hardware for quantum computation.

= Are we limiting computation to an old paradigm? The research of quantum computation starts with
many questions and questions remain unanswered. Assuming computation is limited to forms of
states expressed with at least ones and zeros may be too limiting. Maybe there is another way?

e Spin orientations up and down of electrons or nuclei are suitable gbits, as are atoms which can be
excited to a higher energy states. The literature uses many formulations for the gbit. This paper
considers converting alternative forms of the gbit to a common formulation of the form 1's and O’s.
Specifically, consideration is given to using the same gbit formulation throughout the paper by
replacing spin-up |%2,%2>, spin-down |%2,-%2> and nuclear spin up |0) and down |1), and ground
state |0; | —)4 or |Gy, a) excited state: 0; |+)p or |E4, a) where |a) are superposed spin states (Chamoli
& Masood, 2010, p. 4) or ground state | I) or excited state | T) ( Masood and Allen Miller, 2014, p.1)
with the same gbit equation

[P} = ¢ol0) + ¢4 [1)

« Parametrization and compactification are approaches to quantum mechanics problems and are
applicable to quantum computation. A gbit as 1's and O’s for spin-up and spin-down particles may be
considered parametrization. The reader naturally links the connection to 1's and O’s when given two
clearly independent options such as spin-up and spin-down or ground state and excited state. Spin-up
as |¥2,%2> compared to 1's and O’s indicates compactification.

* What is the storage mechanism? What is storing the data? The answer is a quantum bit known as
gbit, which is a two-state system, a quantum two-level system with states |0> and |1> which can be
controlled (Das Sarma, 2006, p. 32). Specific examples of physical phenomena that can be expressed
in the form of gbit include an electron, instantaneous transportation (Bennett, 1995, p. 24), a
polarization of a photon (Bennett, 1995, p. 24) left or right circular polarization, all spin-¥2 particle
(Bennett, 1995, p. 24) such as electrons, an arbitrary superposition of two atomic states and in theory
with quarks up, down, charmed. Additional examples and specifics are in the Theory section next.

The reader naturally links the connection to 1's and O’s
when given two clearly independent options
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« Examples include photon phase, photon
Intensity, two atomic states, spin-half particles
which are fermions entailing quarks and leptons
(e.g. electrons and neutrinos), photon
polarization, and an existing D-Wave Computer
with electrons of Niobium at temperatures

approximating absolute zero.

 The potential of guantum computation is in the
application of guantum properties of
superposition, interference, entanglement, and
uncertainty.

* Problems of decoherence and absence of data
compression may be addressed by topology of 2-

D non-abelian anyons and non-orthogonal
states, respectively.

lyw>=c,||>+c,|—=>




e 2

T h e O ret i C a. I B aC kg ro u n d Quantum Computation am_eMerge_Phys5632Qm2AiaaAts_20170503

 Examples include photon phase, photon intensity,
two atomic states, spin-half particles which are
fermions entalllng guarks and leptons (e.g.
electrons and neutrinos), photon polarization, and
an existing D-Wave Computer with electrons of
Niobium at temperatures approximating absolute
Zero.

« Examples of potential gbits include photon phase, photon
Intensity, two atomic states, spin half particles which are
fermions: quarks, leptons: electrons, and neutrinos;
polarization of photon and an existing D-Wave Computer
with electrons of Niobium at temperatures approximating
absolute zero. Applications of quantum mechanics to
guantum computation focus on superposition, interference
parallel computation paths, entanglement, and uncertainty.

D-Wave Computer
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 Figures T-1, T-2, and T-3 show existing quantum computer with electrons e- of
Niobium Atoms Nb at temperatures apprOX|mat|ng absolute zero T~0. K
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Figure T-1 D-Wave Computer (Hadhazy, AIAA 2016, July August p. 24)
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e Figures T-2, T-3, and T-4 show existing quantum computer with electrons e- of
Niobium Atoms Nb at temperatures approximating absolute zero T ~ 0 K.
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Figure T-2 D-Wave Cooling Niobium Atoms (Hadhazy, AIAA, 2016, July-August, p. 25)
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e Figures T-2, T-3, and T-4 show existing quantum computer with electrons e- of
Niobium Atoms Nb at temperatures approximating absolute zero T ~0 K

=
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Figure T-3 D-Wave 128 Qbit Chip (Hadhazy, AIAA, 2016, July-August, p. 23)
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The potential of quantum computation is in the application of quantum properties of
superposition, interference, entanglement, and uncertainty.

Quantum computation is a vast subject covering everything a computer can do now or in the future
applying quantum mechanics.
= An early definition may be limiting.

In Das Sarma, Freedman, and Nayak, Physics Today article, quantum computation is defined as the

process of initialization, evolution, and measurement of states (2006, p. 32 from J. Preskill’s
“Lecture notes in quantum computation” at Caltech).

A better definition may be needed than those published in Physics Today articles.

Quantum computation is the application of guantum mechanics to computation, specifically advancements using
superposition, entanglement, quantum parallelism, and uncertainty.

Quantum computation is a process consisting of the evolving development of each state incrementally
one by one from the

= nitial state |p,>to a

s final state |yp,>=U(t) |py,> with

= unitary transforms varying with time

= U(): |w’>U1) |wp>, or

o Y >=U@® >,

= or|yp’) =U®Iyp)or

oY) =U®[P)

Quantum computation may include the storage and retrieval of data in simultaneous states using
superposition. So alternatively, a definition in the early stage of development of a new theory and
accompanying technology may focus on its potential. The potential of quantum computation is in the

application of quantum properties of superposition, interference, entanglement, and uncertainty is
untangled thoroughly in the Detailed Exploration section next.

Quantum computation is defined as
the process of initialization, evolution, and measurement of states
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* Problems of decoherence and absence of data compression may be addressed by topology of 2-D non-abelian anyons and
non-orthogonal states, respectively.

* Inan article in Physics Today (2006), Das Sarma, Freedman, and Nayak address quantum computation problems of decoherence
and absence of data compression with topology. Aspects of waves canceled in superposed wave functions, known as interference, may
allow control of problems associated with decoherence. Topology provides alternative ways of grouping and viewing gbits.

e Many publications seem to begin the discussion of quantum computation by mentioning the quick computation of cryptographic
keys based on factoring large numbers. Physics Today articles “Quantum information and computation” (Bennett, 1995) and Aerospace
America article “New-age computing” (Hadhazy, 2016, July-August) are no exceptions. This is likely because some of the more
promising applications of quantum mechanics to computation include instruction execution, storage, cybersecurity encryption, and
authentication using encryption like QKD quantum key description where a hacker will observe a changed state and precise clocks at
the subatomic quantum level.

e Quantum mechanics applies to computation naturally since computational hardware, the computer, is becoming smaller and
smaller approaching the realm of quantum mechanics and computational software is becoming more probabilistic, again approaching
the realm of quantum mechanics. Moore’s observation, sometimes called a law, which every couple of years, half the size and double
the speed of chips, may break down due to electron leakage. So there may a possible breakdown of Moore’s Law while trying to cross
the barrier and bridge from classical computation to quantum computation.

* Quantum mechanics is more general than classical mechanics, so it contains classical mechanics as a limiting case (Zettili, p.189, §
3.8.2). Therefore, this paper shows the application of quantum mechanics more than explaining a measurement of an observable
classically.

* Application of quantum mechanics in general may apply to any situation where discreet instead of continuous measurements are
found in reality. Like the failure of classical physics to apply to the quantum of energy, radiation including light, particles, particle-
wave duality, uncertainty principle and blackbody radiation, the photoelectric effect, atomic stability, and atomic spectroscopy (Zettili,
2009, Chap. 1: Origins of Quantum Physics, pp. 2-54; Shankar, 1994, Chap. 3: All Is Not Well with Classical Mechanics, pp. 107-113),
quantum computation is such that quantum mechanics applies when classical mechanics cannot.

- Quantum computation consists of applying a sequence of unitary operator transformations to a state vector y
or ¥ (Bennett, 1995, p. 24). The process consists of unitizing

a state |yy,> evolving by a unitary transform operator varying with time U(t) to the final state U(t)|y">, such that
H|ypy>=U(t)|yp'> (Das Sarma, Freedman, and Nayak, 2006, p32).

« The time dependence may be expressed in the form of a Schrodinger’s picture, a Heisenberg picture, and an Interaction
picture. Software applications may build on this ability as discussed next.

So, do the quantum computation transformation operators need to be unitary?
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There is success of V&V of flight software by Lockheed
Martin and Boeing running D-Wave.

Quantum software to simulate reality at small scales uses
the strength of quantum mechanics, as does
Incorporating quantum uncertalnty as a strength instead
of ellmlnatlng probability.

Uncertainty is appropriate for Mars robotics with
qguantum artificial intelligence as is entanglement of 2
atoms and 2 photon modes for communication
o |yp>=Sqgrt(*2)*Exp(-iEt/h)[Cos(E|A|t/h)
(l@>+[@,>)+iSin(E|A|t/R) /]| (lps>+|@,>)], expandable
to n-particle states.
Machine learning of robotics will improve by increasing
available data with the eMerge app concept to enable
public participation and the quantum search in 2-D,
defined by
o |W>=2_ p,|—,a>+y,|—5,a> with
|a>= /zTO O >+|O 1 >+|1 0,>+|1,1,> for V&V backtesting
quantum algorith

|+4,1405)
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There is success of verification and validation of flight
software by Lockheed Martin and Boeing running D-Wave.

Lockheed Martin and Boeing have success with Verification and
validation (V&V) running D-Wave (Adam Hadhazy, 2016, July-
August, p. 22-27).

Quantum computation should be more suited for artificial
Intelligence not only because of sophistication in the underlying
mechanics but also in the uncertainty inherent in both quantum
mechanics and artificial intelligence. In simplest terms, quantum
mechanics, which describes units of energy transfer known as quanta,
(derived from Suplee, 1999, pp. 84-85), Is applied to quantum
computation, (1) for faster storage by bit flips using superposition
with objects existing in two different states simultaneously, (2) for
faster execution than sequential instruction execution by using
guantum uncertainty to evaluate large numbers of possibilities
simultaneously, and (3) for faster communication with
entanglement of particles, providing immediate interaction.

Fast storage, execution, communication
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* Uncertainty is appropriate for Mars drones with quantum artificial intelligence asis
entanglement of 2 atoms and 2 photon modes for communication, expandable to n-particle
states.

- Entanglement is the linking of two states, usually, but not necessarily different. Linking here means a strong
correlation in measurement. Entanglement applications exist now because of discovery and experimental
results, for example spin-up, with another spin-up particle. Therefore, as a thought experiment, if particles
are separated with one on Earth and one put on robotics sent to Mars as shown in Figure D-2, then any
change in spin to down, for example, results in the other changing to spin-down on Mars. Entanglement
particles are separated by space and interact by something other than signals (Derived from Sarfatti, 1977 in
Zukav, 2012, pp. 310-311) and are explained by quantum jumps between states being discrete. In general,
entanglement could involve subspace overlapping or states overlapping such that independence is gone
(Masood, §7.3 p. 403 during Phys5632Qm2 Class Notes 2017-1-26-Thursday).
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Entanglement is the linking of two states, usually, but not necessarily different.
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e Starting the application of qguantum mechanics to quantum computation entanglement with the calculation of a 2-atom and 2-photon mode
system with the Hamiltonian seems appropriate as performed by Masood and Miller (2007) by extending the Jaynes Cummlngs Model

(1963) for entanglement. The entanglement calculations begin with the Hamiltonian. The Hamiltonian,

o

o

o

o

o

o

for N Case

for two atoms A and B,

two modes also A and B

with atom A interacting with mode A only and
atom B interacting with mode B only, is

time

H=H, + Hp where the only dif ference is the subscript T3 2 3 a4 s
1 1 + Figure D-2.1 Derved from Masood and Miller (2014, Fig. 4. p. 7)
= - - Orange photon mode entropy. Blue alom-atom entropy
HA th (NA + 2) I + 2 EA Oz4 + hKA (aA g-a + aA O_+A) With the horizontal axis in strength § multiplied by time ¢

« Akey variable in the Hamiltonian is the strength of interaction between atom A and mode A symbolized by S,. Perhaps entanglement may
be defined as interaction strength.

The ground state is |—)4 and the excited state is |+)4 for atom A.
Atoms go to an excited state due to the absorption of a photon and back to ground state by emission of a corresponding mode photon.
The atomic energy difference for atom Ais E,.

st Entropies in Entanglement

The Pauli matrices are o,.. The identity matrix is I. The number operator for mode Ais Ny = a;{aA. 10h
The strength of interaction between atom A and mode A is contained in a dimensionless parameter 4, oz //\ p—
Mg = hES—A with the definition of Strength S, implied by this equation (2007,p.4 (6)) Y

A 0.4 /
Sy = :—hEA at resonance q4 = A4 from Masood and Miller (2014, p.4) with entropy E & S 02 \j/ \pmu Singst)?
Entropyasp = sin?St  for atom — atom entropy (2014, p.7 (11 — 18a)) 3 s :

Figure D-2 Derived from Masood and Miller (2014, Fig. 4, p. 7)

Entropya/b = cos? St for photon mode entropy (2014, p.7 (1 - 18&)) Orange photon mode entropy, Blue atom-atom entropy

With the horizontal axis in strength § multiplied by time ¢

«  Extending research of Masood & Miller (2014, Fig. 4, p. 7) by solving for the strength of entanglement S

o

o

Sap = (nn + sin_l( [Entropy,p ))t‘l atom — atom entropy for interger n
Sap = (27rn + cos_l( [Entropya p ))t‘1 photon mode entropy for interger n

e Operating the Hamiltonian on a state results in the eigenvalues E and the eigenfunctions with the fully superposed system state at time t =

O as wa (t) Strength of Entanglement
1 _—iEt/h ( |hs| ) ( |hs| ) ; b
° W’a(t)) = \/;e cos (l(pl) + |¢2)) - lSln |hS| (l(pB) + |¢4)) ?é H"*-m‘\ Plot 2 7+ ArcCos [m]
e Consistent with Zettili (2009, 29, (9.48)*, p. 496), a is one or more quantum numbers. st

ak
/ Plot 7 + A_rc:Sin["-.l' entropy ]

Periodic strength of entanglement S N T T N
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* The wave function containing the ground state and the
excited state looks similar to a gbit. Applying the
guantum mechanics postulate for an observable, there
Is a linear Hermitian operator, which Is the
Hamiltonian in this case; whose eigenvectors form a
complete basis. Specifically, there are four vector
space bases for the two atoms A or B Iin ground state —
or excited state +, a two mode system with two atoms
A or B In ground state — or excited state +, and two
photon modes O or 1 expressed In the form of

= |¢p,) = |photon mode 0 or 1; |at0m’s ground — or excited +)at0mA,B|m0de; |state)qrom
° 1) =10;[=)al1; | -)a and |@2) = |1;|—)4]0; | )
= |@3) =10;[+)4l0; |—)p and |@4) = |0; |—)4|0; | +)p

The wave of ground state and the excited state is applicable to quantum computation as a gbit
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* The probability of entanglement if a photon in mode A or B is absorbed or
emitted by an atom in state |[—) or |+), respectively (Samina S. Masood and Allen
Miller, 2007, p. 3) is the square of the modulus of the coefficients of the wave
function |y, (t))

hS1] .\ |2
p, = | |Xp-iEst/h (E1|E—1 t) —1N- .
N 1= [Z€ * COS h for |@1) = 0;|=)all; | —)a
1
— ECOSZ(Slt) forreal E and S
o P, = P; with the subscript 2 for E and k for |@,) = |1;|—-)410; |—)5
1
= Ecosz(Szt) for |o2) =11;1-)4l0; |-
1 E3 h&|t il
o Py = Ee“E3t/h * isin( 53 ) Ffi33| for |@3) =10; |+)410; [—)p
E3
1
— 5Sjnz (S5t) forreal E and S
s P, = P; with the subscript 4 for E and k for |ps) = |0;[=)410; |+)5
1
= Esin2(54t) for @) =10;1-)410; | +)p

The probability of entanglement if a photon in mode A or B is absorbed or emitted
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e As summarized by (Samina S. Masood and Allen Miller, 2007, p. 10), ifatom Aisina
ground state, then we know, with certainty, that atom B is excited, and vice versa. In other
words, it is impossible for both atoms to be in their ground states, at time t = t,. There is
a periodic increase and decrease of the strength S of the entanglement, as expressed by
the equation for |, (t)) above. The period P for a full cycle of the strength S of the
entanglement S(t) is

P = 21th it

hSgtom
Eatom

atom

21

o = forreal E and S S

Satom

- Entanglement is not a function of distance. So, continuing the thought experlment stated with
Figure D-2, if one entangled atom is on Earth and the other entangled atom is with the Mars robotics,
a change in one atom may be observed as the opposite change in the other in the case of a 2-atom and
2-photon mode system. Since the calculation and equation for |y, (t)) above is expandable to n-
particle states, communications from Earth to Mars is expandable to n-gbits, with one system instead
of n-separate systems.

* The timing of communication can be aligned with entanglement. The periodicity of the strength of
entanglement can be used to determine the best timing for communication. Simply knowing which
two particles are entangled, without knowing why, may seem sufficient to apply quantum mechanics
to quantum computation, but since strength of entanglement varies with time, knowing why two
particles are entangled becomes key to knowing the periodicity of the strength of entanglement. Two
particles may be observed by experiment to be entangled. Through calculations in this paper, knowing
why two particles are entangled becomes clear. Specifically, both probability and strength of
entanglement are periodically oscillating functions of time, so there are best times to measure
entanglement. This timing of measurement becomes useful in practical application for public
participation in space exploration

Entanglement is not a function of distance.
So if one atom is on Earth and the other atom is with the Mars robotics, a change in one atom may be observed in the other.
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 Machine learning of robotics will improve by verification and validation backtesting of
guantum algorithms with (1) increasing available data through the eMerge app concept
to enable public participation and (2) using the quantum search in 2-D.

* For example, the eMerge app concept could increase data availability to improve machine
learning of robotics in space. The eMerge app consists of five levels of engagement (Alex
Monchak, Ki-Young Jeong, and James C. Helm, 2013, p. 1-19), each with a separate app,
with increasing engagement capabilities for additional cost The five separate apps are
Observation, Interaction, Participation, Empowerment, and Competition as shown in
Figure D-3 with a plcture logo and a word logo.

clirge

— i - - ———y- - —s — —
.
| -
Wl o T & b Do T
. Y = ¥ :l tH i k. ' i p—— —— e | AT e —
- - MBodtg Ay Borgain o igption. R e St
VBT O g "It - — - —
- i .
Evampls ' T b iy i [
Tamggmivim —— = —
b — oy —b “
SRR - - "2 o - -
i

-
Oogval on ikp
\
o *

Eodl o 1 Lanoar g Site
s
e

Shurde; Lund” 306 . § -
_ ) s (TR L 1 ik ey =
Planetary g 5 — . e
:rﬁ..lll.l.lT“l;r L ¥ s il ] _— =

A Ipu s i’
i e, Lisnar rolbobe: roved races
N T AT Sowce Moonbase Alph,

A,
ey ol . - T—— o b . - =

Observation Interaction Farticipation PP oWl ompetition
Figure D-3 eMerge Engagement Levels and Logos

* With the establishment of the professional aerial Drone Racing League (DRL), Mars drone
races via eMerge will likely require machine learning unless entanglement speeds
communication back to the drone operators on Earth.
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For a specific example of quantum parallelism since energy states and nuclear spin states commute, the quantum search
in two-dimensions (Chamoli & Masood, 2010, p. 4) is defined by the superposition of all possible states in the database

s WYy =3YN_ (a)|—a4 a) +Py(a)|—p,a)  for N number of entries in the data base
* For |a) representing the superposed nuclear spin states of atoms A and B
° |a>=%(|0AOB>+|0A18>+|1AOB>+ |1415))
e For the ground state as — and the excited state as +
1
o W) = 5[¢A(a)(|—A,0AOB> +1=4,0415) + |—4,1,0) + | —4, 1A18>) + wB(a)(l_BrOAOB> + |—p5,041p) + |—p5,140p) + |_B,1A13>)]

* To demonstrate different sizes of information in database fields for a 2-D quantum search, there are two values for the first
search term and four values for the second search term. A successful search occurs when all database entries are identified with
atom A in an excited state + and nuclear spin states of atom A down, symbolized by 1, and atom B up, symbolized by O, so the
state of each found entry is of the form

+4,1405)

e The initial superposition state representing the items in the database is

s W) = [Za ola) for N number of entries in the data base

< A photon in mode A excites atom A when the first search term is found. Energy states and nuclear spin states commute.
Therefore, simultaneously a quantum phase flip operator inverts the spin when the second search term is found. Then another
guantum operator repeatedly conducts an inversion about the mean of the amplitude of all base states to provide amplitude
amplification, increasing the probability for more accurate measurement of a successful search. Prime indicates the updated
state

W), [l,bA(a)(l +04 0g) + [+4,0415) + |[+4,140p) + | +4, 1A13))+1p3(a)(|—3,0A03>+|—B,OA13)+|—B,1AOB)+|—B,1A13))] Bold indicates successful search state

« The measurement of the atom A’s excited state with a measurement of nuclear spin states reveals the database entries
containing the two search terms. The quantum parallelism in quantum search in two-dimensions may be extended to more
dimensions, which are the search terms, and should improve machine learning of robotics when used for the verification and
validation (V&V) backtesting of quantum algorithm. Quantum mechanics improves machine learning by the potential to
improve storage speed and instruction execution speed, especially needed for robotics on Mars.

For a specific example of qguantum parallelism since energy states and nuclear spin states commute is the
quantum search in two-dimensions (Chamoli & Masood, 2010, p. 4)
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e Like the acceptance of new and existing
physics equations and the eMerge app, Ease
of use and Usefulness lead to guantum
computation acceptance and associated
acceleration.

= A summary of this paper may be expressed as
justification for realizing that quantum computation is
still in the early stages of technology development and
acceptance by potential users.

Acceleration of quantum computation acceptance
a=d?A/dt?
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Like the acceptance of new and existing physics equations
and the eMerge app, Ease of use and Usefulness lead to
guantum computation acceptance and associated
acceleration.

A summary of this paper may be expressed as justification for
realizing that quantum computation is still in the early stages
of technology development and acceptance by potential users.
Since quantum mechanics successfully matches observations at the
small, fast, and encrypted scale (and matches the large, less fast, and
less encrypted scale in the limiting case) and computers are becoming
smaller, faster, and more encrypted (and mathematics is a tool used
to increase precision in quantum mechanics); quantum mechanics
should apply to computation, resulting in quantum computation.

Similar to how Ease of use and Usefulness of any physics equation
and apps like eMerge determine their acceptance, the same is true for
guantum computation. Specifically, Ease of use and Usefulness of
guantum computation lead to its acceptance.

Quantum computation is still in the early
stages of technology development
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 Asisdiscussed in this paper, developments in quantum computation are
proceeding. New technologies often transition from prior technologies
building on prior advances. New technologies may also disrupt prior
technologies. Prior technologies are often in the later stages of
acceptance when the transition or disruption occurs. The
developments in quantum computation may lead to transition, disruption,
or both as shown in the Figure.
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Prior technologies are often in the later stages of
acceptance when the transition or disruption occurs



sl

S' I I I II I Iary Quantum Computation am_eMerge_Phys56320Qm2AiaaAts_20170503

Acceptance of guantum computation depends on

Ease of use E A=E+U Conceptually

= w E +wyU Specifically
Usefulness U = 50% * E + 50% x U More Specifically

Usefulness Acceptance of Quantum Computation
u
wl=0.50
Acceptance A
Attitude w=1.0 Intention w=1.00 of Quantum
Computation
w2 =0.50 Legend: —Relationship with weight——
E f
aee DE Hee The proportion of variability explained by the path
Variable leading into latent variables are shown by the
weight coefficient

Attitude leads to intention to use, which in turn leads to acceptance of quantum computation.
Ease of use ranges from O to 1. Zero is no Ease of use, while 1 is completely easy to use.
Usefulness also ranges from O to 1.

Zero is no Usefulness, while 1 is completely Usefulness.

Each is equality weighted and contribute 50% to Acceptance, which also ranges from O to 1
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* Acceptance A of quantum computation also changes with time t
. A=f(E U1

* For Acceptance A represented by a specific type of S-curve in time t known as a
sigmoid curve

o A=1+eH?

* The velocity v of acceptance is the first derivative with respect to time t

d
® V= aA
. _a —ty-1
= (1+e™)
o =el(1+e")2
* The acceleration a of acceptance is the second derivative with respect to time t
d2
® a = EA
. _ a* —ty—-1
=3 (1+e™)
. _4a ¢ t\—2
=—e (1+e")
o =et(1—e)(1 +e"H)3

Acceptance of guantum computation changes with time
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um

Acceptance of quan computation is still early. This paper supports identification of the
current status of quantum computation at the lower knee of the acceptance S-Curve
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Acceptance of quantum computation is still early
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Maximum acceleration of quantum computation

Aooeleration of Acceptance of Quantum Compuntation

--l--ll-l---l--.q..> 040}

Acceptance and Acceleration of Quantum Computation
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5 -4 -3 -2 - 1 2 3 4 [

i Plot (1+e&")7"
Plﬂt[ (1 8 ) | 0.6 -/ Acceptance of Guantum Computation
{ -I-E:}3 —ﬂ.ﬂﬁ-:
0:d |-
-0.10r 0.2 : Acceleration of Acceptance
e [ E‘lc::te {1 e}{1+e:|n
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Acceptance of guantum computation is approaching maximum acceleration

Early acceptance difficulties are discussed in the literature without focusing on the
mathematical observation and phyS|CaI limitations of i mcreasmg
acceleration to maximum acceleration, which may be

causing the underlying explanation of these difficulties.
It is like riding a bike too fast when you are just learning how to ride
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Diffusion of quantum computation
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As acceptance of guantum computation
approaches maximum acceleration, often
Innovations fail to cross over the chasm to

achieve larger acceptance with early adopters.
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summary

Acceptance of
guantum

computation

Lee Morin, Sandra Magnus,
Stanley Love, Donald Pettit, and
Mary Lynne Dittmar (Lunar
Settlements, 2010), may not
have anticipated the use of
guantum computation for initial
robotic lunar resource
development. But the
Importance of a mobile
application concept such as
eMerge should help

Hopefully qguantum

computation CroSSes

the diffusion chasm

Quantum Computation am_eMerge_Phys5632Qm2AiaaAts_20170503
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summary Future Research: Experiment

* The paper builds from hardware to software to acceptance of quantum computation. This
leads to consideration of building and testing software applications. For further study,
consider an educational research experiment focusing on an application software
development with remote access to the D-Wave at Boeing or Lockheed.

* An extension of this research focusing on entanglement is also hopeful. More rigorous
research is in order. Dr. Masood’s entanglement research, which extends the Jaynes-
Cummings Model in an optical cavity to include entanglement, may be extended further.
This extension is a more demanding analysis. The analysis should consist of four section.
= Section 1: Definition of Entanglement such as extending this paper’s entanglement

definition as interaction strength to flow form quantum mechanics to entanglement to
mathematical calculations. Then

= Section 2: Summary of Jaynes-Cummings Model in an optical cavity.
= Section 3: Calculations:
+ Calculate cavity loss by a straightforward calculation or
calculate an n-particle extension for an n-body system or

combine both to calculate the cavity loss in a laser cavity for an n-particle extension for an n-
body system by incrementing the number of gbits in a single state or

calculate the change in energy with the change in time for possibly 2-modes or

calculate the energy losses corrected with electromagnetic (EM) entanglement since some
energy is not losted and

expanding research with access to the D-wave quantum computer is a bonus by extending the
current confirmation of entanglement (Lanting et. Al, 2014) to n-particle entanglement
for an arbitrary n. Finally,

= Section 4: Conclusion Drawn.

Access to the D-Wave: Extending the current confirmation of entanglement
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Quantum computation is envisioned as the evolution of a system from an
initial state to a final state by a unitary transform operator varying with time
and the states are the form of a gbit. Anything able to be expressed as at least
two states in the form of a gbit may be used as the hardware for quantum
computation. Examples include photon phase, photon intensity, two atomic
states, spin-half particles which are fermions entailing quarks and leptons
(e.g. electrons and neutrinos), photon polarization, and an existing D-Wave
Computer with electrons of Niobium at temperatures approximating absolute
zero. The potential of quantum computation is in the application of quantum
properties of superposition, interference, entanglement, and uncertainty.
Problems of decoherence and absence of data compression may be addressed
by topology of 2-D non-abelian anyons and non-orthogonal states,
respectively. There is success of verification and validation of fllght software
by Lockheed Martin and Boeing running D-Wave. Uncertainty is appropriate
for Mars drones with quantum artificial intelligence as is entanglement of 2
atoms and 2 photon modes for communication, expandable to n-particle
states. Machine learning of robotics will improve by verification and
validation backtesting of quantum algorithms with (1) increasing available
data through the eMerge app concept to enable public participation and (2)
using the quantum search in 2-D. Like the acceptance of new and existing
physics equations and the eMerge app, Ease of use and Usefulness lead to
guantum computation acceptance and associated acceleration.

Expandable to n-particle states



Quantum Computation am_eMerge_Phys5632Qm2AiaaAts_20170503

Question, Answers, & Suggestions?
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