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COMING FULL CIRCLE WITH QUANTUM HALL EXPLANATIONS 
 

Evert J. Post, Westchester CA; email<evertpost@aol.com> 
       

The vast majority of attempts at describing how the two quantum Hall effects fit existing theory have started out by view-
ing the phonemena in a Copenhagen-Schroedinger perspective. In the course of time extraneous adaptations had to be 
made ranging from fractional charge, composite fermions all the way to a Chern-Simmons 3-forms invoking strings. Yet 
this step of entering the field now reveals a structural topology not conveyable by statistical Schrödinger methods. Ironi-
cally, the 1- and 2-form components of a physical 3-form used by Kiehn unify integer and fractional effects. More ironic is 
that this option had already been reported in ref.12 prior to the announced discovery of the fractional effect in 1982.  

 
        PACS numbers 73.43-f; 73.43.Nq; 03.75.Nc   

 
The quantum Hall effect was discov-

ered by von Klitzing et al [1] by injecting 
charge carriers in the 2-dimensional inter-
action layer of a Mosfet transistor at very 
low temperatures and very high magnetic 
fields. The QHE manifests itself as a strik-
ing (plateau) discreteness of the Hall im-
pedance (ratio of Hall voltage over Hall 
current) ZH = (1/s) (h/e2) with s an integer 
and h, e action- and charge quanta. 

Thereafter, several teams at the Bell 
Telephone Laboratories [2,3,4] discovered 
an interesting variant by varying instead 
the applied magnetic field. Their findings  
showed two quantum numbers were 
needed to describe the appearance of this 
more frequently occurring plateau dis-
creteness of ZH. The plateau states of both 
quantum Hall observations jointly obeyed 
with great precision the empirical formula: 
        ZH =(n/s)(h/e2); n and s  integers   (1) 
The ratio n/s is naturally cited as a reduced 
fraction, e, h are the charge and action 
quanta. For n=1, it is said to be the integer 
effect and for n>1 it has been called the 
fractional effect.  

The actual verification reveals a repro-
ducibility and precision of the above for-
mula ranking in the category of photoelec-
tric- and Josephson effects. Their joint ap-
plications initiated a new era in the metrol-
ogy of fundamental physical constants. Re-
sults of quantum Hall-Josephson observa-
tions appeared more consistent than using 
high precision QED data. 

For future reference it is important to 
note that Eq.1 consists solely of numbers 

and fundamental physical constants, which 
means ZH is a scalar, or pseudo scalar if 
you will. Eq.1 therefore can be regarded as 
a Diffeo(4) invariant; i.e., a general relativ-
istic invariant, whereas metric independ-
ence makes it a possible topological in-
variant. Last but not least, the observations 
collected by Eq.1 seem non-statistical. 

In the process of discovering the frac-
tional Hall effect, people at Bell Labs 
[2,3,4] made a crucial observation about 
the enumerator n as prevailingly odd. 
Since the experimentally observed ratio n/s 
is naturally cited in its reduced form, a 
prevalently odd n points at a prevalence of 
an even physical s'; i.e., s' prior to ratio 
reduction. An even physical s' points at a 
boson formation, a condition for super-
conductivity, as indeed observed in the 
plateau states! This interpretive aspect ac-
counts for the odd enumerator, as tying in 
with an observed superconductivity. It also 
shows experimentally how superconduc-
tivity is induced not only for the ground 
state n=1, but also for n>1; putting integer 
and fractional effects in the same two 
quantum number category. 

Citing the austere mathematical nature 
of Eq.1 as an experimental end result as 
metric-independent and Diffeo(4) invariant 
is very remarkable. It should give reason 
for questions as to how it could relate to 
known well established, but mathemati-
cally less austere physical laws. 

If Copenhagen doctrine is held as rul-
ing supreme the Schrödinger equation is a 
first candidate that comes to mind and that 
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is exactly what happened. Yet 
Schrödinger's equation is at best R(3) in-
variant and metric-dependent. Copenhagen 
holds its quantization to be statistical yet 
applicable to single systems.  

From that point onward a principal 
physics' effort became using Copenhagen's 
statistical tool explaining a non-statistical 
phenomenon. This undertaking became a 
difficult uncertain endeavor. The Wikepe-
dia reveals an explosion of publicity that 
shows how difficult it was.  

First people felt that fractional charge 
was clear evidence of accommodating 
quark theories. Then when, despite many 
efforts, no evidence of actual fractional 
charge was forthcoming, the next idea was 
that that more flux could have the same 
effect as less charge. This led to the com-
posite fermion by Jain [5]: e.g., electrons 
with attached flux quanta.  

The same result was obtainable by in-
stead considering higher quantum states 
for the cyclotron charge carriers; an alter-
native rejected, because charge carriers 
above the ground state might not be ex-
pected to be compatible with the induced 
superconductivity observed in the plateau 
states. Together attached flux- and orbi-
tally linked flux units gave values for n and 
s as required by Eq.1. 

 Not quite satisfied with the ad hoc na-
ture of the existing state of affairs, people 
kept looking for a more fundamental back-
ground of that n/s ratio. A next item to ac-
commodate this remarkable n/s discrete-
ness became a Chern-Simons 3-form [6]. It 
had come up in the integrability classifica-
tion of Pfaffian one-forms and theory of 
characteristic classes of geometric mani-
folds. The principal thrust of physical ideas 
now moves to quantum discreteness as 
topological structure. Here is a first sign of 
abandoning assessing macro order with a 
Copenhagen tool, i.e., breaking away from 
the past and turning a new leaf.  

At this point pioneers of string theory 
start entering quantum Hall theory. Since 
string theory holds an esoteric geometric 
position in theorizing, permit me to intro-
duce here a more physical intermediate.  

R.M. Kiehn [7] has introduced three 
cyclic integrals that have the advantage of 
an already existing degree of applicability 
in physics; here is an overview: 
 Path & period (residue) integrals Ic,IIc,IIIc 
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An inspection immediately shows how the 
empirical formula for ZH equals the flux 
over charge ratio of the Aharonov-Bohm 
path integral over the Gauss-Ampère pe-
riod integral.  

A cyclic path integral is simultaneously 
a time- and a space closure doubling the 
flux period contribution h/2e. The applica-
bility of period integration rests on c1 and 
c2 residing in field-free interiors, which for 
c1 calls on electrons as having an E,B field-
free interior. 

Using overlapping arguments, Carver 
Mead [8] arrived at identical results. Mead 
and the present author [9] have so far re-
mained alone in this minority pursuit. They 
have taking exception to using the 
Schrödinger process in dealing with the 
QHE. Both call in essence on a pre-
statistical collective status of quantization, 
naturally calling on a two-quantum number 
description. Action quantization of the 
Schroedinger equation can't do it, neither 
the 3-form IIIc, but its components do! 

Yet despite a considerable handwriting 
on the wall, these experiences show the 
AB integral is still held in question by Co-
penhagen doctrine by holding Schrödinger 
as a primary law statement. That primary 
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position is the reason why a derivation of 
Schrödinger's equation is outstanding. 

Copenhagen orthodoxy and undue em-
phasis on claiming the fractional effect as 
different in nature from the integer effect 
may have led the Bell teams to putting 
aside their crucial odd n observations. Yet, 
the obstinate reality is that those odd enu-
merator observations surprisingly match 
the dissenting expositions [8,9].  

Mindful of Copenhagen's nonclassical 
Ψ function claiming a non-adaptive, ever-
present, statistical nature, it is difficult to 
see how Schrödinger assessments can ren-
der service in creating a superconducting 
order. The odd n, revealing Boson forma-
tion, can be taken as uncovering a classical 
Bose-Einstein type statistics. The latter can 
condense into superconductive order.  

To account for the quantum Hall effect, 
the [8,9] descriptions need to step outside 
the Copenhagen realm. The majority using 
the Schrödinger many-body technique of 
Laughlin [10] has to show how composite 
fermions cover fractional charge. 

The processes [8,9] call for a, de facto, 
already accepted single system adaptation 
of quantization in the sense of Aharonov-
Bohm, not a Schroedinger quantization. 
Ref.9 does so following ref.7 and ref.8 
calls on earlier work by Barut [11] using 
collective notions.  

The photoelectric effect does not per-
mit Schroedinger treatment* and neither 
does QHE. Quantization laws [Ic,IIc] are 
strictly global; their local counterparts are 
Maxwell field equations that no longer 
have explicit references to h/e and e.  

Hamiltonians in a Schrödinger context 
deal with locally randomnized ensembles. 
The AB and GA integrals strictly globally 
explore single systems. The period inte-
                                                 
* This fact became already apparent during a 1927 
seminar by Schrödinger in Munich when Heisen-
berg queried him on exactly that point. 
 

grals follow from global conservation. For 
references to de Rham theory and the rami-
fications for Copenhagen doctrine see [9].  

 A preliminary outline of needed Co-
penhagen reprogramming and its impact 
on the now unified QHE and other promi-
nent single system manifestations are dis-
cussed in ref.[9]. 

So ironically the two quantum number 
quantization is a compellingly simple end 
result for the QHE odyssey hiding behind a 
3-form. More ironic is that the components 
of Kiehn's 3-form hold the key to that solu-
toion. Even more ironic is that this solution 
was published [12] prior to to the publica-
tion of the fractional quantum Hall effect. 

 Ref.[12] entitled "Physical Dimen-
sions and Covariance" was pending with 
Foundation of Physics: Its publication 
though had been delayed when editor 
Yourgrau passed away. His successor, edi-
tor van der Merwe offered me an opportu-
nity for further remarks on the subject in 
the fall of 1981. I gratefully accepted that 
offer and inserted on page 194 of ref.[12] 
the here-cited passage related to the QHE: 

(Quote) Experimentalists deserve the 
credit for having made the "global" voice 
of nature more audible than the local voice 
of expediency. I am referring to the many 
experiments on quantum-interferometry. 
These experiments were made with a 
minimum of guidance from accepted main-
stream theoretical ideas. Central among 
these discoveries are the quantization of 
flux and more recently the quantization of 
the Hall impedance. Precision measure-
ments are more and more homing in on 
extremely accurate measurements of the 
quanta of charge and action and their ra-
tios h/e flux and h/e2 impedance. Their di-
mensional and numerical correspondence 
to the residues of the period integrals [Ic, 
IIc, IIIc] and the absolute dimension of 
the constitutive tensor(16) can hardly be 
argued an idle coincidence.(End of quote) 
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I am truly sorry if the interjected pas-
sage did not elicit a public discussion of its 
potential. Yet, it could not all have been 
my shortcomings. An overly Copenhagen-
dominated frame of mind has manifested 
itself throughout this history of quantum 
Hall phenomena.  

Peer-reviewed media have shown an 
almost outrageous preference for far out 
unchecked ideas, whereas simple moves, 
merely aiming at having available mathe-
matical-physics speak louder, seemed stu-
diously avoided. A minority added mostly 
detail, such as: 1) The period integral quan-
tization is Diffeo(4) invariant and metric-
free, thus extending viability from macro 
to micro domain; 2) meeting period inte-
gral conditions some charge carriers re-
quire field-free interiors; 3) an energy gap, 
which is not necessarily a ground state gap, 
suffices for superconductivity. 

 
Epilogue on Reductionism  
Reductionism is the art of reducing a 

given phenomenon to a set of what are be-
lieved to be simpler and more basic phe-
nomena. It is a cornerstone of reasoning in 
mathematics and in the exact sciences in 
general. Seen from this angle the story of 
the quantum Hall effect presents itself as 
an imperfect reduction. From the begin-
ning, the event of a simple and precise em-
piric ratio of integers reducing to an inte-
ger itself was taken out of proportion. 

While physical transparency was still 
shrouded in theory, the discoverers some-
how insisted on basic physical distinctions 
between integer s/n and fractional s/n. 

Whenever a chain of reduction-based 
reasoning runs into trouble, the choice and 
decision as to what is basic is likely at 
fault. In the QHE case the cause of the 
longtime trouble was overrating the basics 

ranking of Schroedinger's equation; not an 
unlikely happening in judging a gift from 
heaven: Weil's favor of fortune.  

Invariance criteria help ranking QHE 
effect as more basic than Schrödinger. 
Aharonov-Bohm, Gauss-Ampère and QHE 
have a same invariance ranking, yet QHE 
is compounded, AB and GA are not. Inte-
ger effects simply follow charge injection 
and fractional effect flux injection. 

Finally realizing that QHE is as basic 
as AB and GA, vast majorities have been 
constructing approximations showing how 
Copenhagen assessments are asymptoti-
cally related to the QHE law. That was al-
ready known in the light of simpter impli-
cations. Only an adapting classical statis-
tics can clarify the dynamic relations be-
tween Schrödinger and AB integral. The 
erstwhile Schrödinger priority now be-
longs, through derivation, to the AB inte-
gral. Nonclassical statistics had made us 
mistake the effect (Schrödinger) for cause. 
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