
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…” 

an outline of the history of generalized quantum impedances and their 

application to the unstable particle spectrum, gravity, the measurement problem 

and non-local state reduction, the black hole information paradox, time symmetry 

in QM, quantum interpretation of the impedance model, the 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 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 



• single force - electromagnetic [ohms] = [kg-m2/coul2-s]  

  or mechanical [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 quantum impedances cannot transmit energy, communicate 

only quantum phase (not a single measurement observable) 

• conjectures – all quantum impedances are topological?  

   all classical impedances are geometric? 

Define ‘Impedance’ 

Impedance - a measure of the amplitude and 

phase of opposition to the flow of a current 

‘One Slide’ 

mass flow, deBroglie wave,… 

given The Essential Point,  

conversion factor 

from mechanical 

to electrical 

impedance 

EPR paradox,  

non-locality,… 



This is it  

‘One Slide’ 

given the Essential Point and ‘Impedance’ 



 

Presentation Goals  - Understand, then Explore    
• understand the ‘One Slide’ 

• essential point - impedances govern the flow of energy 

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

• origin of the coherence length plot – Malcolm MacGregor 

• implications of their strong correlation – personal paradigm shift 

• explore the Implications ~ ten reasons one might want to know about 

quantum impedances: 

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

• 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 

Italics connote material in preparation 

Optical Society of America 

sponsored and refereed 
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first posted July 2012 

a challenge – find the near-field photon impedance in any of the standard grad school E&M texts 
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given the Essential Point and ‘Impedance’ 
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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 



‘One Slide’ 

given the Essential Point and ‘Impedance’ 



eta and eta’ branching ratios 

calculated from impedance matches 

eta .393 .326 .227 .046 

model .410 .312 .220 .057 

eta’ .393 .293 .216 .050 

excellent fit to the data (however, factors of 2) 

no factor of  in the numerator 

true for all photon branches 

from the chiral 

anomaly note  



from the chiral anomaly note  
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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 



conversion factor 
[kg/sec] to [ohms] 

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

n=1 has centrifugal impedance but no angular 

momentum! analogy to Landauer conductance 

(the ‘linear’ form of quantum Hall impedance) 



a challenge – find the near-field photon impedance 

in any of the standard grad school E&M texts 

impedances govern 

the flow of energy 



‘paradox’ is in reference to 

origin of Bohr magneton 
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November 2012 

 

 

July 2012 

this  

is synthesis of 

these 



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 

it 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


first draft posted 

March 2013 



Rochester Conference 

OSA refereed, as was 

Berlin Conference 
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MacGregor – The Power of Alpha 

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



Full Spectrum (neutrino?) of 

Unstable Particle Lifetimes

boson on a 

fermion plot 

~300000 km 

From previous 

slide with 

horizontal axis 

reversed 

W,Z 

weak decay 
electromagnetic 

decay 

strong 

decay 

decay impedance mismatch in powers of alpha 

Electromagnetic decays are possible only when the impedance 

match is reasonably good, Unstable particles that exist on longer 

time/length scales than the Rydberg cannot impedance match to 

the photon, require parity violation and the neutrino 

from 2011  

making the  

connection between 

impedances and lifetimes 



‘One Slide’ 

given the Essential Point and ‘Impedance’ 
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accepted for presentation at the  

2014 Berlin Conference on  

Quantum Information and Measurement 

OSA refereed, as was the 

Rochester Conference.  This paper 

was motivated by Lev Vaidman’s 

excellent talk at Rochester. 



OSA refereed, as was the 

Rochester Conference 

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  



Observable Only 

Observable + Dark 

bonus - EDM 

the product of electric charge e and  

distance h/mc define EDM, not MDM. 

in near field the electric flux quantum couples 
to magnetic impedance, and magnetic flux 
quantum to electric impedance.  

There is simultaneous topological 

and electromagnetic symmetry 

breaking at the Compton wavelength 



cndnsd mttr 

• 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 deBroglie impedances to the graphene lattice 

• 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 potentially 

useful in understanding possible roles of 

generalized quantum impedances 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/potentials experienced by massive particles via these 

background independent mechanical impedances 

• The impedance 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 

• 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 

 

 



 

Conclusion 
“The hardest part will be getting physicists to think in terms of impedances” 

Richard Talman (2011) 

• 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 

• need for regularization and renormalization is removed 

• weak ‘force’ appears to be an impedance mismatch to the photon 

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

• given the phase-only character of chiral impedances, both electroweak and 

QCD mass generation via chiral symmetry breaking look implausible 

• mass generation via field energies in the impedance approach looks good 

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

of magnetic modes of the impedance network,… 

• impedance approach includes gravity, dark matter, EDM, state reduction, 

non-locality, time asymmetry,… 

• impedance approach is surprisingly simple once the initial unfamiliarity is 

overcome. One had hoped for something a little more exotic, a little more 

esoteric, more fancy mathematics, higher ‘dimensions’,… 



Thank You for Your Time and Attention 


