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gaselectronDegenerate_______________________

benotwouldgaselectron2DdegenerateaofpropertiestheofmostthatobviousappearsIt
radiusofsphereaofsurfacethetoconfinedweregastheifdifferentsignificantly R rather

wellquantumplanarathan – thatprovided R >∼ λin where λin pathfreemeaninelastictheis
electrons.of

densitysurfaceof2DEGaofbehaviorkinematicThe n narrowainelectronsbydeterminedis
band δE levelFermithenear E F where,

E F =
m

π h_2 n______ (1.1)

iselectronsactivekinematicallyofdensityTheincluded).degeneracyspin(two-fold

δn =
πh_2

m δE_____ (1.2)

magnitudeofordertheBy δE ∼ kT ∼ h_⁄τin where,

τin ≡
v F

λin___ =
h_ √2π n

λin m________ (1.3)

thatassumeshallWe δE << E F thereforeand δn << n .

spaceHilberttheofsubspacetheintoscattertoforbiddenareelectronsactiveKinematically
below E F toupfilledshellsofnumberatocorrespondssubspaceforbiddenthesphere,aOn.

momentumangularan h_ (L F − by†defined1),

4π R 2 n = 2
l = 0
Σ

LF − 1

(2l + 1) = 2 L F
2 (1.4)

filled)(partiallyactivekinematicallythebetweenseparationenergyThe L F theandshell-th
([filledcompletelyhighest L F − shell1)-st]

∆F = E F − ELF − 1 =
Rm 2

h_2 L F______ =
Rm

h_2
_____ √2π n (1.5)

theinstatesofdensitytheand L F isshell-th

δn F =
4π R 2

(22 L F + 1)___________ =
L F

2

(2L F + 1) n___________ ∼∼
L F

2 n____ (1.6)

settoreasonableisIt δn ∼∼ 1⁄2 δn F this(withdefinitionsofconsistencytheensureto
theidentification L F pairgivenafromstartweifThus,filled).halfapproximatelyisshell-th

(n , δn ([equivalently,) E F , δE radiusspheretheboththen)], R numbershellFermitheand L F
(6):and(4)Eqs.byfixedare

L F =
δn
n___ 2; π R 2 =

(δn )2
n______ (1.7)

________________

definecanweAlternatively,† L F filledpartiallywithinresideslevelFermithethatrequiringby L F level:-th

2 Rm 2

h_2 L F (L F + 1)____________ = E F 4giveswhich π R 2 n = 2 L F
2





1 +
L F

1___




(1.8)

orderoftermswithintoequivalentaredefinitionstwoThe

L F

1___ ∼
R √2π n

1________ <∼ (λin kF) ∼
2
1__

E F

h_⁄τin_____ << 1 (1.9)
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analogy.Magnetic________________ ofSuppression L F − theofcentertheatplacingbyachievedbecanshells1
chargeofmonopolemagneticasphere g

h_c
eg___ = L F (2.1)

theat(2.1)monopoleawithsphereaonmotionelectronicthethat(Tamm)knownwellisIt
ofvaluesallowedthethatexceptmonopole,thewithoutsphereaonthattoidenticaliscenter

fromstartmomentumangularthe L F quantizedisexists,ifcharge,magneticThe0.fromrather
integer.halforintegeris(2.1)combinationthethatso(Dirac)

chargemagneticofdefinitionthe(2.1)intoSubstituting g ≡ RB 2 where, B normaltheis
findwesphere,theofsurfacetheatfieldmagnetic

L F =
l 2
R 2
___ (2.2),

where l 2 ≡
eB
h_c___ expresscanwe(1.7),Eqs.Using. l assumedtheoftermsiin δn :

l 2 =
2 δπ n

1______ (2.3)

spacing:energycyclotronatoidenticalbecomesshellsadjacentbetween(1.5)separationThe

∆F =
Rm 2

h_2 L F______ =
ml 2
h_2
____ ≡ h_ωc (2.4)

torusaongasElectron______________________

benotwouldgaselectron2DdegenerateaofpropertiestheofmostthatobviousappearsIt
torusenoughlargeaofsurfacethetoconfinedweregastheifdifferentsignificantly – rather

wellquantumplanarathan – thatprovided L ( i ) >∼ λin where λin freemeaninelastictheis
andelectronsofpath L ( i ) (i = torus..theofperiodsprincipaltheare2)1,

analogy.Magnetic________________ largetheIn "straigt" (limittorus L )1( >> L )2( >> l in2DEGaofeigenstatesthe),
inloopwirechargemagneticallyawithtorusaonthosewithcoincidemustfieldmagnetica

middle.the

conditions.boundaryPeriodic_________________________ ofsetcompleteafindingofproblemgeneraltheConsidering
aonstateslocalized "straight" fieldmagnetictheviewcanwetorus, B object,artificialanas

operatorsthedefineushelpsthat â , â †, b̂ , b̂ † ofHamiltoniantheintoenternotdoesbutetc.,,
system.electronicthe

torustheondefinedfunctionswaveThe must mechanicsquantumotherwiseperiodic;be
sense.nomakewould

ψ (x + L )1( , y + L )2( ) ψ= (x , y ) . (A2.1)


