“If you had only one slide
to get your point across...”

The ‘One Slide’ Introduction to
Generalized Quantum Impedances

Peter Cameron

“To understand the electron would be enough”
Einstein



‘One Slide’
The Essential Point

Impedances govern the flow of energy

Classical or quantum impedances,
mechanical or electromagnetic,
fermionic or bosonic,
topological or geometric,...

Impedances govern the flow of energy

This is not a theoretical musing
This is a fundamental concept, of universal applicability

Generalization of quantum impedances extends the concept from
the Lorentz impedance of the quantum Hall effect and the near and
far-field photon impedances to all quantum potentials and their
associated forces and impedances



given The Essential Point,

Define ‘Impedance’

‘One Slide’
Impedance - a measure of the amplitude and
phase of opposition to the flow of a current conversion factor
_ _ from mechanical
single force - electromagnetic [ohms] = [kg-m?/coul?-s] to electrical

or mechanical [kg/s] mass flow, deBroglie wave,... mpedance
coupled forces - electromechanical, magnetomechanical,...
for now stay with electromagnetic " e I
resistance, inductance, capacitance R & C

distinctions between classical and quantum
 classical resistance is incoherent (heat, noise,...)
* guantum resistance is phase-coherent (no dissipation)
* phase is not a single measurement observable in quantum mechanics

« scale invariant quantum impedances cannot transmit energy, communicate
only quantum phase (not a single measurement observable) EPR,

conjectures — all qguantum impedances are topological? non-locality, ...
all classical impedances are geometric?
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Presentation Goals - Understand, then Explore
* understand the ‘One Slide’

| boint_imped e Aowof

origin of impedance network — two body problem & Mach'’s Principle
origin of the coherence length plot — Malcolm MacGregor
iImplications of their strong correlation — personal paradigm shift

» explore the Implications ~ ten reasons one might want to know about
guantum impedances:

elementary particle spectrum, chiral anomaly, axions, EDM...
gravity — extend the model to the Planck particle
state reduction and non-locality ltalics connote material in preparation
black hole information paradox — Rochester, Fields,...
weak measurement and time symmetry — Berlin
guantum interpretations — Berlin  Optical Society of America
sponsored and refereed
dark matter

condensed matter
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Generalized Quantum Impedances:
A Background Independent Model for the Unstable Particles

Peter Cameron*
Strongarm Studios

Mattituck, NY USA 11952 first posted July 2012

(Dated: April 26, 2013)

The discovery of exact impedance quantization in the quantum Hall effect was greatly facilitated
by scale invariance. This letter explores the possibility that quantum impedances may be generalized,
defined not just for the Lorentz force and the quantum Hall effect, but rather for all forces, resulting
in a precisely structured network of scale dependent and scale invariant impedances. If the concept
of generalized quantum impedances correctly describes the physical world, then such impedances

govern how energy is transmitted and reflected, how the hydrogen atom is ionized by a 13.6eV
photon, or why|the my branching ratiolis what it is. An impedance model of the electron is presented,

and explored as a model for the unstable particles.

INTRODUCTION

The model presented here [1-6]comprises

e quantization of electric and magnetic flux, charge,
and dipole moment

e interactions between these three topologies - flux
quantum, monopole, and dipole

e the photon

e confinement to a fundamental length, taken to be
the Compton wavelength of the electron

Calculated transfer impedances of the interactions are
presented as a hunction of spatial scale/energy. Possible
roles for these impedances in the creation and structure
of the unstable particles are discussed.

‘classical Compton Bohr Rydberg
108
quantum Hall we \l\
10 1 —
3
S
103 |
) i
E photon >——-
L.
102
e quantum Hall
— electric 1/.02
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/’
: /
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photon energy
FIG. 1. Photon and electron impedances as a function of

spatial scale as defined by photon energy
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An Impedance Approach to the Chiral Anomaly

Peter Cameronf*]
Strongarm Studios

Mattituck, NY USA 11952

(Dated: May 25, 2014)

The chiral potential is inverse square The family of inverse square potentials includes the vector
Lorentz potential of the quantum Hall and Aharonov-Bohm effects, and the centrifugal, Coriolis, and
three body potentials. The associated impedances are scale invariant. quantum Hall being the most
familiar. Modes associated with scale invariant impedances communicate only quantum phase, not
an observable in a single quantum measurement. Modes associated with scale dependent impedances,
including among others those of the 1/r monopole and 1/1“3 dipole potentials, communicate both
phase and energy. Making this clarifying distinction between phase (relative time) and energy
explicit presents a new perspective on the anomaly This approach is introduced via the Rosetta
Stone of modern physics, the hydrogen atom. Precise impedance-basec 7°, 17, and " branching ratio
calculations are presented as ratios of polynomials in powers of the fine structure constant, followed

by discussion. [Mass generation via chiral symmetry breaking is not addressed |in the present paper.

INTRODUCTION

Anomalies may be defined as “...breakings of classical
symmetries by quantum corrections, which arise when
the regularizations needed to evaluate small fermion loop
Feynman diagrams conflict with a classical symmetry of

the theory.”[1] Stephen Adler

axion implications,...

In a fimte quantum theory chiral symmetry appears
to be broken only by weak interactions. The presence of
the anomaly in strong and electromagnetic quantum field
theory (QFT) calculations|1}{8] seems to be an inevitable
result of the regularization needed to remove infinities
before mass and charge renormalizations can be accom-
plished. However, one has a choice - in the presence of
the anomaly either chiral symmetry or gauge invariance
must be broken.



gauge invariant (no covariant derivative) and finite (no renormalization)

The rmpedance approach 1s gauge invariant.
Gauge invariance is built in. Complex impedances shift
phases. Complex quantum impedances shift quantum
phases. The scale invariant impedance associated with
the chiral potential[9] [10] communicates quantum phase
and only quantum phase[11H13]. No need for the co-
variant derivative. One need only take the appropriate
impedances into account.

The phase-only character of inverse square potentials,
their incapacity to do work, is emphasized in the related
case of the centrifugal potential of the free Schroedinger
particle by Holstein[14]. The symmetry is understood to
be scale invariance (unbroken sans regularization).

The mmpedance approach is finite Impedance is
a geometric concept, depends on size and shape. In the
limit of the small, the point/singularity is infinitely mis-
matched to you and I. We cannot share energy with it.
While presumably equally decoupled, the quantum limit
of the large is more subtle, in the emergent realm of
the classical, and ultimatelv the cosmological. In both
limits, small and large, divergences are removed by the
impedance mismatches. Regularization and renormaliza-
tion are not necessary.

The anomaly does not arise in the impedance ap-
proach, a result of the finiteness and gauge invariance.

70 branching ratio calculation — experimental values in parentheses

1 Z

Z = 5 = 188370 (1)

o | 1
Zo T Zo

and that of the eTe™y mode as

1 Zo

1 1 da? — A~2
i il el

Zoery = — 128130 (2)

where Ry = % 1s the quantum Hall resistance, so that
1 Zo

Z.0= = = 185.64 Q2 3

T L4 4a?t4a+2 )

for photons
no o in the numerator

and the branching ratios are

Z 0 1
I, = = = 0.9855 (0.988 4
Z0 202 + 2a
ooy = Zoe = %t 0.0145 (0.012) (5)

98.8%
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DISCUSSION

Historical Perspective on Quantum Impedances

Impedances govern the flow of energy. This 1s a fun-
damental concept of umiversal applicability. Historically,
i1t has been overlooked in quantum theory.

The 1980 discovery[22] of a new fundamental constant
of nature, the Nobel Prize discovery of exact impedance
quantization in the quantum Hall effect. was greatly fa-
cilitated by scale invariance. This classically peculiar
impedance is topological, the measured resistance being
imdependent of the size or shape of the Hall bar. Prior to
that discovery, impedance quantization was more implied
than explicit in the literature|23H28].

In the 1959 thesis of Bjorken[25] i1s an approach
summarized|29] as “...an analogy between Feynman dia-
grams and electrical ciremits with Feynman parameters
playing the role offresistance Jexternal momenta as cur-

rent sources, and coordinate differences as voltage drops.
Some of that found its way into section 18.4 of...” the
canonical text|26]. As presented there, the units of the
Feynman parameter are [sec/kg], the units of mechan-
ical Iconducmncelli . Form factors are proportional to

conductances, inversely proportional to resistances.

from the chiral anomaly note

[With the confusion]that resulted from interpreting con-
ductance as resistance, andfmore importantly flacking the
concept off quantized 1mpedance | the anticipated intu-
itive aclvan‘ur.mg?{l the circuit analogy[26] was lost and

the possibility of the jump ffom well-considered analogy
to a photon-electron impedance model was not realized.

Like the first Rochester Conference on Coherence and
Quantum Optics in 1960, the 1963 paper/thesis by Ver-
non and Feynman|27| on the “Interaction of Systems”
was motivated by the mvention of the maser. It 1s a
particularly suggestive combination of the languages of
the electrical engineer and the physicist. The authors
devoted a thesis to the concepts needed for mmpedance
matching to the maser. However, lacking again was the

explicit concept of jJquantized impedance}in the maser.

Had exact impedance quantization been discovered
in 1950 rather than 1980, one wonders whether the
impedance concept might have found its way into the

foundation of QED ht that time, before it was set in the

bedrock, to underpin rather than illuminate electroweak

theory, QCD, and gravity[12| [30-39].
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THZ THO BODY PROBLEM AND MACH'S PRINCIPLE

Peter Cameron
2210 Water Street

Port Huron, Michigan 48060

The classical analysis of the two-body voroblem is
freauently complicated by the introduction of a system of
co-ordinates which is independent of either of the bodies.
The validity of such an analysis rests’upon the »nremise

that the co-ordinate frame does not interact with the

physical system via any known nhysical laws, and that one

is therefore free to chocse whatever reference frame seems \ﬂbralory
most useful. piledriver/extractor

A strong evistemological argument might be advanced the foundation of all
against this reasoning. If sufficently rigorous constraints that followed
are placed upon the spatial onroperties of the interacting It took 35 years to
bodies, the introduction of an indenendent observer will understand where it fits

have a radical e“fect upon the form of the ecuations which
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> V=r
0 - what waves in the deBroglie wave?

F = d(mv)/dt = m¢/r v

The first term has no meaning and must be discarded. The
secennd term won'd 2780 seem to be meaningless, ¥e have no

reagson to susnect that my varies in time, and nothing in our
1

initial conditions seems to resuire that m, hbe 2 point mass,
a cirecumstance which wonld denrive us of the ability to ohserve
radial veloecity. sither we accent the second force term as
eonnter-balancing the gravitational attraction op we regard
the whole situation as senseless., wothing in the initial
eonditions resnires that the problem is senseless, so we
write

Veagdm/dt = Gm1m2/r2 or

dm,/dt = (Gmlme/vrad)(l/rQ) (1)
In writing this we note that it was neccessary to take
V=V,.q to maintain the co-linearity of forces. The n~uantity
Gmymy/V,..q has units of aneular momentum, which sugeests

dm,/dt = L/r? (2)



~
/

svstem comnosed of elementary narticles. The Bohr =.iel o
the hydrogen atom is a familiar examnle. is tefore, we
consider uniform cirealar motion (n=1), we ennsider the rraton
to be the centar of mass, and we require that ralativistic
corractions be negligible and that the intrinaic ansvlan
momentim and magnetic fields 0° the artipcles h- $mored, The
law of forece isg

dn/dt = q2/4ne,r?

Following the 1ine of rezsoning rrevionsly develored, we write

this as
dm_/dt = (q2/4ne.v 1/¢2y | conversion factor
© V490V peq(1/1°) [kg/sec] to [ohms] (3)
which for the Bohr atom n=1 2
Z o= 0 Phate | B 5 5812807554 x 10% ol
dme/dt = ﬁ/r? centri 5 5 - 2—~-~- = J2Jg X olum
}"ubare e e

a result which is similar in form to the nrevionusly analvzed

U

gravi tationally bound system, this is the quantum ‘centripetal impedance’,
equal to the quantum Hall impedance
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a challenge — find the near-field photon impedance
In any of the standard grad school E&M texts

Photon Impedance Match to
a Single Free Electron

Peter Cameron

Brookhaven National Laboratory
Upton, NY 11973
cameron@bnl.gov

Apeiron, Vol. 17, No. 3] July 2010

reminder — impedances govern
the flow of energy

Possible Origin of the 70MeV
Mass Quantum

Peter Cameron

Brookhaven National Laboratory
Upton, NY 11973
cameron@bnl.gov

It is not surprising that consideration of impedance matching
the photon to the electron, or more specifically to the quantum
of resistance at the length scale defined by the mass and
angular momentum of the electron, fhas been long ignored in|

[The absence of three fundamental entities| from the
experimental evidence 1s notable. The search for two, the
|magnetic monopole and the electric dipole moment,| is

extensively documented in the literature.|The third. the electric |

[quantum_electrodynamics.| Conceptually the development of

QED preceded the discovery of ‘exact quantization’ and the
associated von Klitzing constant by many decades.
Additionally, the relevance of the resistance quantum to
photon interactions with a single free electron has only
recently begun to be appreciated. In this note we offer a
simple presentation of such an impedance match, briefly

[flux quantum,| is remarkably absent. One is tempted to
speculate that these circumstances are related, and that
exploration of the electric flux quantum might shed light upon,
and beyond, the absence of the magnetic monopole and the
electric dipole. This note presents a tentative early effort to
find a guidepost or two along the road to such an exploration,
or at least a compass that permits the choice of direction. What

discuss the unexpected |emergence of the fine structure|

|emerges 1s a possible origin of the /0MeV platiorm state]

constant Jfrom these simple first principles, and suggest how
the procedure can be inverted to deliver a first principles
| calculation of the mass of the electron. |

While documentation of this mass quantum (it 1s simply the
mass of the electron divided by the fine structure constant) in
the literature is not so starkly absent as for the electric flux
quantum, it 1s surprisingly sparse.
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Magnetic and Electric
Flux Quanta: the Pion Mass

Peter Cameron cameron@bnl.gov
Brookhaven National Laboratory
Upton, NY 11973

‘paradox’ is in reference to
origin of Bohr magneton

The angular momentum of the magnetic flux quantum is
balanced by that of the associated supercurrent, such that in
condensed matter the resultant angular momentum is zero. The
notion of a flux quantum in free space is not so simple,
needing both magnetic and electric flux quanta to propagate
the stable dynamic structure of the photon. Considering these
flux quanta at the scale where quantum field theory becomes
essential, at the scale defined by the reduced Compton
wavelength of the electron, exposes variants of al paradox |that
apparently has not been addressed in the literature. Leaving
the paradox unresolved in this note, reasonable
electromagnetic _rationales are presented that permit to
calculate the masses of the electron, muon, pion, and nucleon
with remarkable accuracy. The calculated mass of the electron
1s correct at the nine significant digit limit of experimental
accuracy, the muon at a part in one thousand, the pion at two
parts in ten thousand, and the nucleon at seven parts in one
hundred thousand. The accuracy of the pion and nucleon mass
calculations reiniorces the unconventiional common notion
that the strong force 1s electromagnetic in origin.

Apeiron, Vol. 18, No. 2] April 2011

Electron Impedances

Peter Cameron
Brookhaven National Laboratory

Upton, NY 11973
cameron(@bnl.gov

It is only recently, and particularly with the quantum Hall
effect and the development of nanoelectronics, that
impedances on the scale of molecules, atoms and single
electrons have gained attention. In what follows the possibility
that characteristic impedances might be defined for the photon
and the single free electron is explored is some detail, the

premise being that the concepts of electrical and mechanical
impedances are relevant to the elementary particle. The scale
invariant quantum Hall impedance is pivotal in this
exploration, as is the two body problem and Mach’s principle.

To understand the electron would be enough - Einstein




MECHANICAL IMPEDANCE

While the concept of electrical impedance is comfort-
ably familiar to any electrical engineer and many physi-
cists, mechanical impedance [1] is more obscure. It is
defined as [19|

F
Zmech. =

where F' is the applied force and v the resulting velocity.
The form is similar to Newton’s second law written as
F
m= —
a
where m is the mass to which the force is applied and a
is the resulting acceleration.
Taking the force F' to be, for example, the centrifugal
force

muv?
Feentri =
T
gives the centrifugal impedance
muv
Zcenfr‘i =
T

where 7 is the radius of curvature of the path of the mass
acted upon by this force.

From the ‘Unstable Particles’ note

The centrifugal force is in some sense a mechanical
equivalent of the vector Lorentz force present in the quan-
tum Hall effect. Like the Lorentz force, it is velocity de-
pendent. Unlike velocity dependent forces other than the
Lorentz and centrifugal forces, it is not dissipative. Like
the Lorentz force, it is perpendicular to the direction of
motion, and hence can do no work.

Defining v by the deBroglie relation v = % yields the
simple form

h

Zr:cntrt' = )
P

The units of mechanical impedance are [kg/s], those of
electrical impedance [ohm] = [(kg/s)(m/Coul)?]. Taking
the second term on the right hand side, the line charge
density term, to be a conversion factor between mechan-
ical and electrical impedances and the charge to be the
charge quantum e gives

2
ZCETT,f]"‘i — ?%:_2 = E% ~ 25 812.8(2
This impedance is numerically and symbolically identical
to the scale invariant quantum Hall impedance, and is
plotted in figure 2 (green dots).

The method presented in the above example can be
used to calculate quantum impedances for forces other
than the centrifugal and vector Lorentz forces. The
impedance plot of figure 2 shows results from such cal-
culations [2].
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Background Independent Relations between Gravity

and Electromagnetism

Peter Cameron

Planck particle model
Is electron model at
Planck length

Received: date / Accepted: date

first posted on vixra November 2012

quantization

The mo(lollpresent.ed here [1-6]comprises

of electric and magnetic flux, charge,

and dipole moment

interactions

quantum, monopole, and dipole

the|photon

confinement

between these three|topologies|- flux

to a fundamental length. taken to be

the Compton wavelength of the Planck particle

Calculated transfer impedances of the interactions |are

presented as a function ol spatial scale/energy. Possible

Abstract As every circuit designer knows, the flow of energy is governed by
impedance matching. Classical or quantum impedances, mechanical or electro-

magnetic, fermionic or bosonic, topological,... To understand the flow of energy
1t 1s essential to understand the relations between the associated impedances.

The connection between electromagnetism and gravitation can be made ex-
plicit by examining the impedance mismatch between the electrically charged

Planck particle and the electron

This mismatch 1s shown to be the ratio of

the gravitational and electromagnetic forces between these particles.

Keywords background independence -
impedance - network theory - scattering matrix -
particle - state reduction - information theory

scale Invariance - quantum

near field - Planck
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Quantum Impedances, Entanglement, and State Reduction

Peter Cameron*® _
Strongarm Studios first draft posted

Mattituck, NY USA 11952 March 2013

(Dated: May 11, 2013)

The measurement problem,|the mechanism of quantum state reduction, has remained an open
question for nearly a century. The|'quantum weirdness’|of the problem was|highlighted|by the intro-
duction of the|Einstein-Podolsky-Rosen paradox in 1935] Motivated by|Bell’s Theorem| nonlocality
was first |experimentally observed in 1972 by Clauser and Freedman [in the entangled states of an
EPR experiment, and is now an accepted fact.| Special relativity requires|that no energy is trans-
ferred in the nonlocal collapse of these entangled two-body wavefunctions, that no work is done, no
information communicated. In the family of quantum impedances those which are scale invariant,

the Lorentz and centrifugal impedances, satisfy this requirement. This letter explores their role in
the collapse of the wave function.
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A Possible Resolution of the
Black Hole Information Paradox

Peter Cameron
Strongarm Studios, PO Box 1030, Mattituck, NY 11952

petethepop @ aol.com

Abstract:  Nonlocal reduction of entangled states is clarified by considering the role of
background independent scale-invariant quantum impedances in decay/decoherence of un-

stable elementary particles. providing simple resolution of the black hole information paradox.
© 2013 |Dptical Society of America |

OCIS codes: 030.1640 Coherence, 270.5585 Quantum information and processin OSA I‘Efe I’GEd, asS wWas
P g
Ber|il | CO| |fere| 1ICe

1. Introduction

Decay of the unstable particles offers the possibility of informing nonlocal reduction of entangled states. Both follow
from phase decoherence (with the resultant complication that phase is not an observable in state reduction). Unlike
entangled states, where unitary evolution of the two (or more) body wave function requires nonlocal phase coherence,
in the case of the unstable particles the essential coherence is self-coherence.

4. The Black Hole Information Paradox

An earlier note [8] calculated the impedance mismatch between the electron and the Planck particle. This mismatch
is precisely equal to the ratio of the gravitational and electromagnetic forces between these two particles, indicating
that the quantum impedance approach is valid at the event horizon, and perhaps beyond, to the singularity (which is
completely decoupled by the infinitely large impedance mismatch at the dimensionless ‘point’).

As regards the paradox, if the scale invariant impedances are valid at the event horizon and responsible for nonlocal
state reduction, and the holographic principle applies, then the paradox is removed.
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Delayed Choice and Weak Measurement
in the Nested Mach-Zehnder Interferometer

OSA refereed, as was the

accepted for presentation at the Peter Cameron :
. < ok Rochester Conference. This paper
2014 Berlin Conference on Strongarm Studios . . ,
Mattituck, NY USA 11952 was motivated by Lev Vaidman’s

uantum Information and Measurement
Q petethepop@aol.com excellent talk at Rochester.

Abstract: This note discusses interpretation of recent weak nested interferometer measure-
ments in terms of state vectors traveling both forward and backward in time. A compatible
quantum impedance interpretation is presented. Delayed choice variants are proposed.
OCIS codes: (00.2658, 270.5585

5. Conclusion

There appears to be a connection between invariant impedances, weak measurement, and time symmetry. Invariant
impedances transfer no energy, only phase. Weak measurement measures phase, which is acausal. Thus the impedance
model is compatible with a TSVF of state vectors coupled by invariant impedances only. A test of the TSVF interpre-
tation would then look for f1 and f2 with insertion of BS2 after the photon has passed (!) and before t=3+/2.

Physics

spotlighting exceptional research

Home About Browse APS Journals

Viewpoint: What Can we Say about a Photon’s Past?

Jeff Lundeen, Department of Physics, University of Ottawsa, MacDonald Hall, 150 Lowis Pasteur Road, Ottawa, Ontario KTN 8NS5, Canada
Fublished December 9, 2013 | Physics 6, 133 (2013) | DO 10.1103/Physics.B.133

An experiment demonstrates that even when physicists think a quantum particle has followed a single path it might not have.



Quantum Interpretation of the Impedance Model

accepted for_ presentation at the Michaele Suisse and Peter Cameron OSA ref d th
2014 Berlin Conference on Strongarm Studios oo oo e
Quantum Information and Mattituck NY USA 11952 Rochester Conference

michaele.suisse @ gmail.com, petethepop@ aol.com

Measurement

Abstract: Quantum Interpretations try to explain emergence of the world we observe from
formal quantum theory. Impedances govern the flow of energy, are helpful in such attempts.
We include quantum impedances in comparisons of selected interpretations.

OCIS codes: 000.6800, 270.5585

hidden wavefcn wavefcn universal observer unique

: non- -
? . :
Index _ Interpretation Authors local? probabetic? variables? real? collapse? wavefcn?  role?  history?

Objective GRW 1986,

30 Collapse Penrose 1989 Yes Yes No Yes Yes No No Yes
30 | Transactional Cramer 1986 Yes Yes No Yes Yes MNo No Yes
30 T Cgmeron & Yes Yes No Yes Yes No No Yes
Impedances Suisse 2013
25 Relational Rovelli 1994 - Yes No - Yes No No | agnostic
23 Qt?]gtigm Birkhoff 1936  agnostic  agnostic No agnostic - No No Yes
17 lthaca Mermin 1996 Yes No - No No
15 Cc_nsment Griffiths 1984 agnostic No agnostic No
Histories
Bohr &

15 | Copenhagen Heisenberq 1927 - Yes No Yes No

. Caves, Fuchs,
9 Qb Y, N Y

=m Schack 2002 - = ? ==
6 Orthodox ven I\:g;rznan" Yes Yes No Yes

-3 | Many Worlds |  Everett 1957

18 de Broglie — | de Broglie 1927,
Bohm Bohm 1952

- - -

Fig. 1. Comparison of the Interpretations. The Index parameter quantifies the strength of agreement
between a given interpretation and the rest of the table. Values in the Index column are calculated by
adding a point for entries that agree with a given interpretation, subtracting for entries that disagree,
and giving half values for the agnostics.
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from the Electron Impedances note

‘spinor’
flux quantum

monopole
charge quantum

dipole
dipole quantum

magnetic observable _ observable

the constituents of the impedance model

from the chiral anomaly note

‘Dark’ Modes and Anomalies

The 1mmpedance plot of figure 2 is not complete.

Absent are the longitudinal dipole-dipole impedances,
the longitudinal and transverse charge-dipole impedances
(the charge-dipole impedances are a subset of the scale
invariant three body impedances), and the Coriolis
mmpedance. There may be others, and likely are. Given
the spin dependence of the weak interaction, one would
expect that adding the longitudinal impedances to the
figure would give additional insight into the weak de-
cays, probably essential for instance in impedance-based
calculations of those branching ratios.

[88] T. Datta, “The fine structure constant, mag-
netic monopoles, and the Dirac charge quanti-
zation condition”, Lett. Nuovo Cim. 37 2 (1983)

http://link.springer.com/article/10.1007

Present in the plot are several impedances that (ex-
cepting the unstable particle spectrum) are absent in our
observations of the world, do not couple to the photon,
namely those associated with the electric flux quantum,
magnetic monopole, and electric dipole. Figure 6 shows
the alternation with topological complexity.

We see the magnetic flux quantum, electric monopole,
and magnetic dipole in the stable particles which com-
prise our physical world, but not their electromagnetic
complements. It seems that the only place we see these
‘dark’ components i1s in the unstable particle spectrum.
This broken symmetry 1s partially understood in terms of
the relative strengths of the magnetic and electric charge
quanta[l12] 88|, and might have a not-yet-obvious role in
the chiral anomaly.
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condensed matter

« if the concept of generalized quantum impedances is eventually
perceived and accepted to be of some value, the practical realizations
will of course be in condensed matter.

« a good place to start is perhaps impedance matching all (or as many as
possible) of the electron impedances to the graphene lattice

* helpful references might be found in the bibliography of the chiral
anomaly note, as shown here and on the following pages

[86] L. Brillouin, Wave Propagation in Periodic Structures -
Electric Filters and Crystal Lattices, 2nd Ed., McGraw
Hill (1946).

[87] R. Collins, “The Doppler Origin of deBroglie Waves”,
APS preprint server (1998)

Vs

1985 1990 1995 2000 2005 2010 2015

of the references on the following three slides, where relevant is taken to
mean potentially useful in understanding possible roles of generalized
guantum impedances in condensed matter. Coverage ends mid-2012.

 atrightis a plot of ‘relevant papers per year’ §g

Trending upwards nicely.



[40] A. Khondker et.al, “Transmission Line Analogy of
Resonance Tunneling: The Generalized Impedance
Concept,” J. Appl. Phys., 63 (10) 5191-5193 (1988)

[41] S. Luryi, “Quantum Capacitance Devices”, Appl. Phys.
Lett. 52 6 (1988)

[42] S. Girvin, “Quantum Fluctuations and the Single-
Junction Coulomb blockade”, PRL 64 26 (1990)

[43] S. Kabir et.al, “Application of Quantum Mechanical
Wave Impedance in the Solution of the Schrodinger

Equation in Quantum Wells”, Solid-State Electronics 34
(12), 1466-1468 (1991)

[44] J.  Rosner, “The Smith Chart and Quan-
tum Mechanics” Am. J. Phys. 61 310 (1993)
http://dx.doi.org/10.1119/1.17262

[45] H. Tung and C. Lee, “An Energy Bandpass Filter Using
Superlattice Structures”, IEEE Jour. Quant. Elect., 32
(3) 507-512 (1996)

[46] V. Privmana et.al, “Quantum computation in quantum-
Hall systems”, Phys. Lett. A 239 (3) 141146 (1998)
http://arxiv.org/abs/quant-ph/9707017

[47] C. Chang and C. Kou, “Electron-wave quantum well
energy band-pass filters”, J. Phys. D 32 139146 (1999)

[48] Y. Imry and R. Landauer, “Conductance Viewed as
Transmission”, Rev. Mod. Phys. 72 (2) 306-312 (1999)

[49] T. Datta and R. Tsu, “Quantum Wave Resistance of
Schrodinger Functions” (2003) http://arxiv.org/abs/
cond-mat/0311479

[50] F. Delahaye and B. Jeckelmann, “Revised technical
guidelines for reliable de measurements of the quantized
Hall resistance”, Metrologia 40 217 (2003)

[51] K. wvon Klitzing, “25 Years of Quantum Hall
Effect”, Seminaire  Poincare 2 1-16  (2004)
http://www.bourbaphy.fr/klitzing.pdf

[52] F. Fischer and M. Grayson, “Influence of voltmeter

impedance on quantum Hall measurements” Jour. Appl.

Phys. 98 013710 (2005)
[53] K. Pham, “Probing the intrinsic shot noise of a Lut-
tinger Liquid through impedance matching” (2005)
http://arxiv.org/abs/cond-mat/0504389
[54] Modeling
Proe. 5th
(2005)

Y. Katayama, “Physical and Circuit
of Coupled Open Quantum Systems”
IEEE Conf. on Nanotechnology, Nagoya
http://arxiv.org/abs/cond-mat/0504389
[55] J. Gabelli et.al, “Violation of Kirchoffs Laws for a
Coherent RC Circuit”, Science 313 499-502 (2006)

[56] P. Burke et.al, “Quantitative theory of nanowire
and nanotube antenna performance”, IEEE
Trans. Nanotech. 5 (4) 314-334 (2006) http:

//arxiv.org/pdf/cond-mat/0408418. pdf
[57] S. Corlevi, “Quantum effects in nanoscale Josephson
junction circuits”, KTH PhD thesis, Stockholm (2006)

[58] C. Day, “Tiny oscillating circuit exhibits new quan-
tization of electrical conductance”, Physics Today
(Sep 2006) http://www.phys.ens.fr/~placais/
publication/2006_PhysicsToday_C.DayN&V.pdf



[59] E. Nelin, “Impedance model for quantum-mechanical
barrier problems”, Physies-Uspekhi 50 3 293 (2007)
http://www.mathnet.ru/php/archive.phtml ?7wshow=
paper&jrnid=ufn&paperid=440&option_lang=eng

[60] J. Seminario, “Quantum Current-Voltage Relation for a
Single Electron”, J. Phys. B 40 F275F276 (2007)

[61] K. Novoselov et.al, “Room-Temperature Quantum Hall
Effect in Graphene”, Science 315 (5817) 1379 (2007)
http://arxiv.org/abs/cond-mat/0702408

[62] D. Ferry, “Semiconductor Device Scaling: Physics,
Transport, and the Role of Nanowires”, Int. Jour. High
Speed Electronics and Systems 17 3 (2007)

[63] K. Pham, “Exact Green’s Functions and Bosoniza-
tion of a Luttinger Liquid Coupled to Impedances”
(2007), Prog. Th. Phys. 118 3 (2007) http:
//arxiv.org/abs/0709.0475

[64] S. Shevchenko, “Impedance measurement technique

for quantum systems”, EPJ B 61 187-191 (2008)
http://arxiv.org/abs/0708.0464

[65] R. Schoelkopf and S. Girvin, “Wiring up quantum sys-
tems”, Nature 451 664-669 (2008)

[66] B. Zeldovich, “Impedance and parametric excitation of
oscillators”, Physics-Uspekhi 51 (5) 465-484 (2008)

[67] A. Compston et.al, “A Fundamental Limit on Antenna
Gain for Electrically Small Antennas”, IEEE Sarnoff
Symposium, Princeton (2008) http://ieeexplore.
ieee.org/xpl/articleDetails. jspTarnumber=4520113

[68] H. Torres-Silva, “New Interpretation of the Atomic
Spectra of the Hydrogen Atom: A Mixed Mechanism
of Classical LC Cirenits and Quantum Wave-Particle

Duality”, Revista Chilena de Ingeniera 16 (numero
especial) 24-30 (2008)

[69] R. Tsu and T. Datta, “Conductance and Wave
Impedance of Electrons”, Prog. in Electromagnetics Res.
Symp., Hangzhou, China, (2008)

[70] A. Villegas et.al, “Longwave Phonon Tunneling Using
an Impedance Concept”, PIERS Online, 4 (2) 227-230
(2008)

[71] E. Nelin, “Impedance Characteristics of Crystal-like
Structures”, Tech. Phys. 54 (7) 953-057 (2009)

[72] E. Nelin, “Resonance Parameters of Double-Barrier
Structures”, Tech. Phys. Lett. 35 (5) 443-445 (2009)

[73] D. Timofeev et.al, “Electronic Refrigeration at
the Quantum Limit”, PRL 102 200801 (2009)
http://arxiv.org/abs/0902.2584



[74] M. Afzelius and C. Simon, “Impedance-matched cavity
quantum memory”, Phys. Rev. A 82 022310 (2010)

http://arxiv.org/abs/1004.2469

[75] C. Mora and H. LaHur, “Universal resistances of the
quantum resistance-capacitance circuit”, Nature Phys.
6 697701 (2010) http://arxiv.org/abs/0911.4908

[76] J. Griffet et.al, “Impedance of a Nanoantenna and a
Single Quantum Emitter”, PRL 105 117701 (2010)

[77] D. Yoh et.al, “Single-walled carbon nanotubes as ex-
citonic optical wires”, Nature Nanotechnology 6 51-56
(2011) http://www.nature.com/nnano/journal/v6/n1/
full/nnano.2010.248 . html

[7T8] V. Sorger et.al, “Experimental demonstration of low-loss
optical waveguiding at deep sub-wavelength scales”,
Nature Communications 2 331 (2011)

[79] R. Ottens et.al, “Near-Field Radiative Heat Transfer
between Macroscopic Planar Surfaces” PRL 107 014301
(2011) http://arxiv.org/abs/1103.2389

[80] R. Tsu, Superlattice to Nanoelectronics, 2nd Ed.,
Elsevier, Chapter 11 (2011)

[81] L. Novotny, “From near-field optics to opti-
cal antennas”, Physics Today pd7 (July 2011)

http://www.optics.rochester.edu/workgroups/
novotny/papers/novotnylib. pdf

[82]

[83]

[84]

[85]

[86]

[87]

K. Ando, “Electrically tunable spin injector free from
the impedance mismatch problem”, Nature Materials
10 655659 (2011) http://www.optics.rochester.edu/
workgroups/novotny/papers/novotnylib. pdf

D. Ferry, “Ohm’'s Law in a CQuantum Waorld”,
Science 335 (6064) 45-46 (Jan 2012) http:
//www.asu.edu/news/Science-2012-Ferry-45-6.pdf

C. Bruot et.al, “Mechanically controlled molecular
orbital alipnment in single molecule junctions™, Nature
Nanotechnology 7 3540 (2012) http://www.nature.
com/nnano/journal/v7/ni1/full/nnano.2011.212. html

H. Vasquez et.al, “Probing the conductance superposi-
tion law in single-molecule circuits with parallel paths”,
Nature Nanotechnology (2012)

L. Brillonin, Wave Propagation in Periodic Structures -
Electric Filters and Crystal Lattices, 2nd Ed.., McGraw
Hill (1946).

K. Collins, “The Doppler Origin of deBroglie Waves”,
APS preprint server (1998)



Presentation Goals - Understand, then Explore
* understand the One Slide

Italics connote material in preparation



Thank You for Your Time and Attention



