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Classical model of a free electron gas: Drude model

Assumptions in the Drude model:
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Response functions in Drude model

Parameters for a typical metal:
m, q ~ free electron
~1/33A3~ 1028 cm3
T~ 100 fs .. 1 ps (e.g. from resistivity)
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Response functions in Drude model

Parameters for a typical metal: y.- 765 i i‘“}q | (
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Drude model at high frequencies

High frequency limit: w>>y £ = { e {- { Y / \
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At w=w, €=0, plasma oscillations:
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Drude model at high frequencies

High frequency limit: w>>y - { g {;- { Y ( ‘)
T T w T,
£
> ;
_ @, {L
E=&, — -
) - > s
Q =2
p \/7 Y-
&, EP

At w=w, €=0, plasma oscillations:

D=0 Magnetic field component
O — I - cannot couple to such oscillations:
P =k L | '
< S q-&,6E=0
P . oy, | -
im X :ﬁ»mc]:Xﬁ, ) |- qxE = ou,H
3 q.lLlOH:O q‘H:O

Rz qxH =-w¢,eE qxH=0



Drude model at high frequencies

wr b8
Above w>w, Je=n ‘R-;-, [ ._._-——-/g_-

| L
Below w<w, /¢ =ix R.;_ (4-—: K/...




Surface plasmon

Boundary conditions:
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H fields are the same
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TE mode (E,,=E,,=0, but E,#0)
localized on the surface cannot exist
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Maxwell egs.
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Surface plasmon

Boundary conditions:

Dzl — Dz2
Exl,yl — ExZ,y2
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xl,yl — x2,y2
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D,=D,
Exl,yl = Ex2,y2
HoH =t H )
Hxl,yl — HxZ,y2

TM mode (satisfies Maxwell egs.)

E, =(E,,. 0, E,;)exp [i(k,x — wt)] exp (ik,:2),

E . #FE,

z1

H fields are the same

0) exp [i(k,x — wt)] exp (ik,2),
E, = (E,,, 0, E,;) exp [i(k,x — wt)] exp (ik,, 2)
H, = (0, H,,, 0) exp [i(k,x — wt)] exp (ikz z).

9 parameters: 1 intensity, 2 E,(E,;)&E,,(E,,), 2 H,,(E,;)&H,,(E,,), 3 boundary conditions for E,, E,, H,
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Surface plasmon

d | Boundary conditions:
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Surface plasmon

Boundary conditions:

D,=D,
Exl,yl = Ex2,y2
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Surface plasmon
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Surface plasmon
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Surface plasmon

Momentum conservation along the surface L P " a} Prism
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Surface plasmon
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A method to measure the dielectric function

A. Otto, Zeitschrift flir Physik 216, 398-410 (1968)
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Surface plasmon

d,, - decay length in metal (feature size)

d4 - decay length in dielectric o
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Surface plasmon
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Coupling by grating (surface roughness) is also possible
A grating on the surface: crystal for plasmons
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Drude model: low frequency limit

Low frequency limit: w<<y (_:." = £ 4 10, . jO:,
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Drude model: low frequency limit

Low frequency limit: w<<y £ = £ + 10, o L‘_ﬁ-_"’
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Drude model: intermediate frequencies

Intermediate frequencies: y<<w<<w,
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Reflectivity of metals in the Drude model

Reflectivity
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Reflectivity of metals in real life

»All that glisters is not gold” - William Shakespeare, Merchant of Venice

... but it may have free electrons!
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Classical model of bound charges: Lorentz oscillator model

Assumptions in the Lorentz model: M \< S /) gt e / \( e
« electrons obey Newton equation g : . "E o ‘?f
1. restoring force —
2. dampi ' [ /2 /
: ping proportional to velocity W A 7o A
3. external field accelerates VS } "

* oscillators are independent (dilute limit) ,
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Classical model of bound charges: Lorentz oscillator model

Assumptions in the Lorentz model: M \< S /) gt e / \( e
« electrons obey Newton equation g : . "E o ‘?f
1. restoring force —
2. dampi ' [ /2 /
: ping proportional to velocity W A 7o A
3. external field accelerates VS } "

* oscillators are independent (dilute limit) ,
* parameterst,m,q,n, D ((_& t b
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Dielectric response in the Lorentz oscillator model:
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Classical model of bound charges: Lorentz oscillator model
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Classical model of bound charges: Lorentz oscillator model
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Applications of Lorentz oscillator model
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Lorentz oscillator model of phonons

Depolarizing fields in a dense material (e.g. crystal):

E =FE+F + F
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neighbor medium
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Lorentz oscillator model of phonons

Classical equation of motions for phonons:

lux — —IUQ)OX o ILl}OC + ZeEloc

where u is the reduced mass, Z is the effective ionic charge

Oscillator model for a phonon:
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Lorentz oscillator model of phonons

Classical equation of motions for phonons:

luié — —IUQ)OX o ILl}OC + ZeEloc

where u is the reduced mass, Z is the effective ionic charge

Oscillator model for a phonon: nZ’e’
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Free electrons in a magnetic field






