
The ‘One Slide’ Introduction to  
Generalized Quantum Impedances 

 

Peter Cameron  

“To understand the electron would be enough” 
Einstein     

“If you had only one slide 

to get your point across…” 



Abstract 

an outline of the history of  

generalized quantum impedances  

and their application to  

• the unstable particle spectrum 

• gravity  

• non-locality and entanglement 

• the black hole information paradox   

• time symmetry in quantum mechanics   

• the chiral anomaly,… 

with a view towards proton spin 



• fundamental forces - electromagnetic [ohms] = [kg-m2/coul2-s]  

 and mechanical/inertial/gravitational  [kg/s] 

• coupled forces - electromechanical, magnetomechanical,… 

• for now stay with electromagnetic - resistance, inductance, capacitance 

• distinctions between ‘classical’ and ‘quantum’ 

• ‘classical’ resistance is incoherent (heat, noise,…) 

• ‘quantum’ resistance is phase-coherent (no dissipation)  

• phase is not a single measurement observable in quantum mechanics 

• scale invariant impedances (quantum Hall, centrifugal, chiral,…) communicate 

only quantum phase, cannot transmit energy, like gravity cannot be shielded,…  

 

Define ‘Impedance’ 

Impedance - a measure of the amplitude and phase 

of opposition to the flow of a current; 

the ellipticity of phase space trajectories 

     mass flow, deBroglie wave,… 

conversion factor from 

mechanical to electrical 

impedance, 

the inverse square of 

line charge density.  

scale invariant impedances appear in the EPR paradox (non-locality), time asymmetry, 

Aharonov-Bohm effect, chiral anomaly,… 



 

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 

 
                   

‘One Slide’ 

Generalization of quantum impedances extends the concept 
from the photon impedance and the scale invariant Lorentz 

impedance of the electron in the quantum Hall effect  
to all quantum potentials  

and their associated forces and impedances 



this is it  

‘One Slide’ 

given the Essential Point 



 

Presentation Goals    
Understand the ‘One Slide’ (you will see it again) and  

Explore the Implications 
• essential point - impedances govern the flow of energy 

• elementary particle spectrum, chiral anomaly, axions, EDM… 

• origin of impedance network – two body problem & Mach’s Principle 

• gravity – extend the model to the Planck particle 

• state reduction and non-locality   

• black hole information paradox – Rochester, Fields,… 

• weak measurement and time symmetry – Berlin 

• quantum interpretations – Berlin 

• dark matter 

• condensed matter 

• implications of impedance approach – paradigm shift 

Italics connote material in preparation 

Optical Society of America 

sponsored and refereed 
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November 2013 

 

 

October 2013 

 

 

June 2013 

 

 

April 2013 

 

 

April 2013 

 

 

March 2013 

 

 

November 2012 

 

 

July 2012 



first posted July 2012 

a challenge – find the near-field photon impedance in any of the standard grad school E&M textbooks 



‘One Slide’ 
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motivated by  

Michael Creutz 



Stephen Adler 



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

0 branching ratio calculation – experimental values in parentheses 

‘unitary’ 



eta and eta’ branching ratios 

calculated from impedance matches 

eta .393 .326 .227 .046 

model .410 .312 .220 .057 

eta’ .393 .293 .216 .050 

2% fit to for all 8 points! (however, factors of 2) 

no factor of  in the numerator 

true for all photon branches 

from the chiral 

anomaly note  

‘unitary’ 



‘One Slide’ 



from the chiral anomaly note  

this inversion of SI units for mechanical 

impedance from the intuitive sec/kg to the 

non-intuitive kg/sec seems to be non-trivial  
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vibratory 

piledriver/extractor 

 the foundation of all 

that followed 

It took 35 years to 

understand where it fits 

submitted to AJP August 1975 

published as an appendix to the  

electron impedances note 

http://redshift.vif.com/JournalFiles/V18NO2PDF/V18N2CAM.pdf 

http://redshift.vif.com/JournalFiles/V18NO2PDF/V18N2CAM.pdf


what waves in the deBroglie wave? 

r 

v= r 
0 

‘moon’ 

‘earth’ 

equating inertial and gravitational forces 

integrated over one month 
gives the mass of the ‘moon’ 



conversion factor 
[kg/sec] to [ohms] 

this is the ‘quantum centrifugal impedance’,  
equal to the quantum Hall impedance 

equating inertial and Coulomb forces 



a challenge – find the near-field photon impedance 

in any of the standard grad school textbooks 

quantum Hall impedance 
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first posted on vixra November 2012 

Planck particle 

Planck particle model 

is electron model at 

Planck length 

from the ‘unstable particles’ note 



http://vixra.org/pdf/1306.0102v1.pdf 

Figure 4 of the Rochester Conference Poster 

drawing in error 

top, Higgs,… line should be  

immediately adjacent to classical, 

as in ‘One Slide’  

G is gone – one less fundamental constant 

cancels out in the impedance calculation 

What is the origin of 10.23 offset? 

impedance continuity at 

event horizon suggests 

impedance model sees 

gravity in ‘flat space’ 

http://vixra.org/pdf/1306.0102v1.pdf
http://redshift.vif.com/JournalFiles/V18NO2PDF/V18N2CAM.pdf
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Michael Creutz 



first draft posted 

March 2013 – 

leader in number 

of downloads 

• state reduction = decoherence (phase information is lost) 

• decoherence means phase shifts - impedances shift phases 

• scale invariant impedances shift phases only  

• phase is not a single measurement observable in QM 

• non-locality requires entanglement 

• non-locality requires no communication of information (special relativity) 

• phase communicates no information in a single quantum measurement 

• scale invariant impedances are responsible for non-locality 
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this  

is synthesis of 

these 



Rochester Conference 

OSA refereed, as was 

Berlin Conference 

http://www.opticsinfobase.org/abstract.cfm?URI=QIM-2013-W6.01 

http://www.opticsinfobase.org/abstract.cfm?URI=QIM-2013-W6.01
http://www.opticsinfobase.org/abstract.cfm?URI=QIM-2013-W6.01
http://www.opticsinfobase.org/abstract.cfm?URI=QIM-2013-W6.01
http://www.opticsinfobase.org/abstract.cfm?URI=QIM-2013-W6.01
http://www.opticsinfobase.org/abstract.cfm?URI=QIM-2013-W6.01
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accepted for presentation at the  

2014 Berlin Conference on  

Quantum Information and Measurement 

This paper was motivated by Lev 

Vaidman’s excellent talk at Rochester. 

TSVF – the time symmetric Two State Vector Formalism of Aharonov et al 
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accepted for presentation at the  

2014 Berlin Conference on  

Quantum Information and 

Measurement 
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the constituents of the impedance model 

from the chiral anomaly note  

from the Electron Impedances note  



magnetic monopole coupling to the photon 

due to the factor-of-alpha difference in coupling strengths and the consequent  
reversed hierarchy of characteristic lengths, the magnetic monopole couples  
extremely weakly to the photon. The energetics and impedance matches are wrong. 
 
can this rationale be extended  
to the electric dipole moment?  
the electric flux quantum? 

electric charge 
 

inverse Rydberg 
 

Bohr radius  
 

reduced Compton wavelength 
 

electromagnetic radius 
 

??? 

magnetic charge 
 
??? 

 
electromagnetic radius 
 
reduced Compton wavelength 
 
Bohr radius  
 
inverse Rydberg 



Observable + Dark 

By definition, the product of an 

electric charge e and a distance 

h/mc define an electric dipole 

moment, not magnetic. This is 

one example of a well hidden 

paradox, one that extends into 

our systems of units. 

there is simultaneous topological 

and electromagnetic symmetry 

breaking at the Compton 

wavelength 

Observable Only 

in near field the electric flux 

quantum couples to magnetic 

impedance, and magnetic flux 

quantum to electric impedance.  

origin of the paradox 



 

Paradox in our Systems of Units 
• SI units of mechanical impedance are [kg/s] 

• counter-intuitive – [kg/s] suggests a flow rate, which would be proportional to 

conductance, not impedance 

• this is what led Bjorken (slide 17) and those who followed astray 

• non-trivial – is there a deep conceptual error in our worldview/units systems? 

• EDM and MDM (previous slide) – placement of c in CGS vs SI 

• what symmetries are broken at the Compton wavelength? 

• how are they related to broken symmetries in standard model? 

• another broken topology (flux quantum = monopole) - again, placement of c 

http://redshift.vif.com/JournalFiles/V18NO1PDF/V18N1CAM.pdf http://redshift.vif.com/JournalFiles/V17NO3PDF/V17N3CA2.pdf 

placement of c 

http://redshift.vif.com/JournalFiles/V18NO1PDF/V18N1CAM.pdf
http://redshift.vif.com/JournalFiles/V17NO3PDF/V17N3CA2.pdf
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cndnsd mttr 

• if the concept of generalized quantum impedances is eventually 

perceived and accepted to be of some value, the practical realizations 

will likely be in condensed matter.  

• a good place to start is perhaps impedance matching all (or as many as 

possible) of the electron deBroglie impedances to the graphene lattice 

• a limited selection of helpful references can be found in the bibliography 

of the chiral anomaly note, as shown on the following slides 

at right is a plot of  

‘relevant papers per year’ of the 

references on the following three slides, 

where ‘relevant’ is taken to mean  

‘useful in application of the impedance 

concept in condensed matter’.  

coverage ends mid-2012. 

trending upwards nicely at that time.    





from the chiral anomaly note 



from the chiral anomaly note 



a. title of project – Electron Impedances                    Photon Sciences LDRD Proposal - May 2011 

b. name of lead PI – Peter Cameron 
c. statement of the problem to be solved and why it is important 

consolidate and refine present knowledge on quantum impedance matching 

d. impact on development of core competencies quantumdots/pointcontacts/wires/ 

resonators/wells/computing, nano/molecular/bioelectronics, superconductivity,... 

e. statement of approach, including any original concepts – impedances as  

fundamental particle properties, applications to graphene, room temperature,… 

f.  collaborations planned – TBD (Tsu, Zeldovitch, Kasha, MacGregor,…) 

g. estimated project duration and funding to be requested – 3 years, 40% PI plus 

collaborators and students as appropriate 

h. potential for follow-on funding – excellent       http://redshift.vif.com/JournalFiles/V18NO2PDF/V18N2CAM.pdf 

http://redshift.vif.com/JournalFiles/V18NO2PDF/V18N2CAM.pdf


Photon Sciences and Center for Functional Nanomaterials 

Call for workshop proposals at the  

Joint User Meeting - May 2012 



Schedule conflict 
International Particle Accelerator Conference 

vs  
PS/CFN User’s Group annual meeting 

preliminary agenda for the world’s first workshop on generalized quantum impedances 
emphasis on condensed matter – particle physics equally or more interesting 
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Summary 
• impedances govern the flow of energy. This is a fundamental concept, 

of universal validity 

• Mach’s principle permits calculation of background independent 

mechanical impedances 

• the concept of quantum impedance can be generalized to all forces 

and potentials experienced by massive particles via these impedances 

• the network that results when applying this concept to a simple 

electron model is intricately woven into the unstable particle spectrum 

• when applied to the Planck particle, it gives an identity between 

gravity and impedance mismatched electromagnetism 

• the impedance approach finds additional application in state reduction 

and non-locality, quantum information theory, time symmetry in QM, 

interpretation of the formalism of QM, the chiral anomaly,… 

• the possibilities in condensed matter look exciting 

• thus far there is no disagreement between the impedance approach 

and experimental data in any of the many areas investigated 



 

not necessarily in this order: 

• condensed matter – match the deBroglie wave to lattice impedances 

• particle physics  

• add dynamics to the presently static impedance network  

• need phases and couplings in the network of the ‘One Slide’  

• analytical too difficult?  

• need iterative EM solver? (matlab/simulink/gate array farm?) 

• look at the only particle absent (by virtue of its ~infinite lifetime) from the 

 ‘One Slide’ – the proton 

• understand proton spin 

• impedance matching in the nucleus 

• cold fusion, quark-gluon plasma,… 

• start with the deuteron 

• axion, EDM,… 

• the equivalence principle as stated by Heisenberg Physics and Philosophy p.95 

“…gravitational forces can be put on the same level as centrifugal or other 

forces that arise as a reaction of the inertia.” 

• else? 

What Next?  



 

Conclusion 
• hardest part is getting physicists to think in terms of impedances  

• impedance approach is a paradigm shift  

• what we are learning is that paradigms don’t shift easily 

• individuals resist change, institutions more so, often fiercely 

• impedance approach deconstructs the standard model 

• finite and gauge invariant - need for renormalization is removed 

• weak ‘force’ is an impedance mismatch to the photon – no need for W, Z 

• chiral ‘force’ is phase only – invariant impedances can’t communicate 

energy/information 

• consequently both electroweak and QCD mass generation via chiral 

symmetry breaking look implausible – no need for Higgs, DCSB,… 

• mass generation is via field energies in the impedance approach  

• superheavies (top, Higgs, Z, W) appear to be incredibly short-lived 

excitations of magnetic modes of the impedance network,… 

• impedance approach includes unstable particle spectrum, gravity, dark 

matter, EDM, state reduction, non-locality, time asymmetry,… 

• impedance approach is simple once the initial unfamiliarity passes  



Thank You  

for Your  

Time and Attention 





MacGregor – The Power of Alpha 

MacGregor’s lifetime plot with his factor of 2, 3, and 4 corrections 


