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Sofar we have looked at the microscopic wavefunction

of the FAME and its excitations However we'd like

to understand the longwavelength properties what is the

electrodynamics the long wavelength achoir is there an

order parameter is there an analog of the Ginzburg

Landau theory of superconductors

It turns out that to understand the quantum Hall

effect boththe integer the fractional variety requires
an

emergent electrodynamics
Chera Simons Theory The key

idea is that we integrate out the electronic degrees

of freedom to obtain an effective action
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We want to examine the natureof this emergent action
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The conventional Maxwell action gives us Gauss Amperes

law
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We'll see that the new action the CHERN Simons

achoi gives us the physics of flux attachment

the quantum hall effect
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FLUX ATTACHMENT QUANTIZED HALL CURRENT



RELATIVISTIC ELECTRODYNAMICS

Before we jump into
CS theory let us remind ourselves

about Maxwellian electromagnetism
Fundamental to the physics

is the scalar vector potential it terms of which
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In termsof these fields the classic Maxwell achon is
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where I'm already preparing you for 2 1 dimensions

This is most succinctly formulated
in a relativistic formulation

using the electromagnetic field tenson
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Nou it is very easy
to get into

a mess with minus signs

conventions in relativistic E M and the formalism is much

akin to the theoryof gravity



Ok but a few preliminaries We denote xm ft x

at space hire co ordinates so that
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You can check that in 2 1 D
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In terms of this notation
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and the full action is
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When you
take variations with respect

to An 7 Am 8AM one

obtains
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which gives
Maxwells equation Amp'ere Gauss
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TF µ 3M
Gauss

Ampere
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We will often adopt µ 417 c 1 in our work



HERN Simons THEORY I QUE
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Very strange Breaks time reversal Mirror symmetry

Not obviously gauge
invariant because it involves a naked

vector potential
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Write in coordinates c 1
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It turns out than it yo quantize the
C S theory

on a sphere containing one monopole then one is only

allowed v Z integers Explain's IQHE
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CHERNSIMON

SANDFLUXATTACHMENTHE
found before that if you attach a flux of

strength OI to a boson it acquires a statistical angle

50 it g e attaching m too odd flux quanta to

a boron produces a ternion
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But the C S action leads A NpIN 2Ie
too

Since in units where e k 1 too hle 2M 21T

Thus if k Hm the Chern Simons Theory attaches

m flux quark In this way we can TRANSMUTE

bosons into fermions
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FQHEictiern S.in Theory

Key idea Zhang Hanson Kiveton 1989 building
on earlier

work of Read of Giro.it Macdonald think of

fluxes in the FAKE at an EMERGENT GAUGE FIELD

am Treat the problem as bosons with m flux

hber attached by a Crs theory wth k mt
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