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Dielectric properties  
Materie in electric field
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χ – dielectric susceptibility
ε - permitivity
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Within electric field, alignment of
electrical dipoles

Dipole moment α– polarisability, atomic property

James Clerk Maxwell
1872 - 1946
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Polarisability is of atomic nature
• Orientation of permanant dipoles
• Ionic polarisation (changing spacing between ions of different charge)
• Electronic polarisation ( relative displacement of electron cloud with respect to ionic core)
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Polarisability = Dipole moment/volume
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Clausius –Mosotti relation between
ε and α (polarisability)
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Polarizability is function of frequence

X-ray
range
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Frequency dependence of dielectric function
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Kramers – Kronig relation
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Orientational polarisation: competition with thermal movement

Energy of dipole in field E θcospEEpU −=−=


Probability to rotate dipole by θ is )cosexp()/exp(
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From Maxwell equations In K-space
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Using external potential φext and atomic potential φ
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For free electrons = electron plasma
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From equation of motion of electron

Dipole moment

dielectric function of electron gas

Polarisation of electron gas





Dielectric function of electron gas
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Defining plasma frequency
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E= A exp(-iωt)exp(iKr)   and D=ε(ω,K)E

• ε is real and >0, ω is real, K is real, 
electromagnetic wave propageates with
phase velocity c/ε^ ½  

• ε is real and <0, ω is real, K is inaginary,   
wave is damped with length 1/|K|

• ε is complex, ω is real, K is complex, wave
damped in space,

• ε =           , finite response without applied
force, ε(ω,K) defines frequency of free
oscillation of medium

• ε =0, longitudinal pol. waves are possible
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Wave function:

solution



Transverse Optical modes of plasma oscillation
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pωω <For one has K²<0

pωω <<1within damping Solution 
exp(-|K|x)

Incident wave does not propagate into the
medium, it is totally reflected

For pωω > DK is positive and real , 
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Dispersion relation
Plasma frequency, plasma wavelength



Simple metals reflect light in visible frequence range
and are transparent in UV

InSb n=4 x 1018 cm-3
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Longitudinal plasma oscillations

For near K=0 

There is a free longitudinal oscillation
mode of electron gas at

Arrows indicate displacement of electrons
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Plasma oscillation in a metal is a collective longitudinal excitation of conduction electron gas   
PLASMON is a quantum of a plasma oscillation

Excited by reflecting electrons or photons from a metallic film or by transmission of electrons
or photons throughout a film   electron energy loss spectroscopy EELS

PLASMONS 

EELS spectrum of Mg, 
combination of surface plasmon at 7.1eV 
and volume plasmon at 10.6 eV

Typical plasmon energies (eV)



Phonon – photon coupling : POLARITONS

Transverse optical phonons are coupling with transverse
electromagnetic waves if both frequencies and wave
vectors are approximately equal. 
Crossover at c k(photon)=ω(phonon)≈1013/s , k ≈ 300cm-1
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Coupling of electric field E of photon with dielectric
polarization of TO phonon is described by wave
equation

At low K,  ωTO is in dependent from K, Polarization is proportional to displacement of ions, u, 
written as P=N q u

EµNqPP TO )/²(² 2 =+− ωω
N number of ion pairs, 
q- charge, µ reduced mass

solving
0

²/
/²²²²

2
0 =

−
−

TOµNq
Kc

ωω
εωω

µ
Nq

TO
0

2 ²²
0

ε
ωω
ω

+=

=
Two
solutions

For Photons
For Polariton
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Two solutions for K ≈0

ωTO

Photon
uncoupled

Phonon
uncoupled

ωLO

frequence
gap

For K >0 two branches

Kimtotal reflection
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Dielectric function is
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Lyddane-Sachs-
Teller relation
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ε(ω) < 0 between ωTO and ωLO=ω/ωTO=1.224
In shadowed region wave cannot propagate in 
medium, becomes totally reflected, because K 
is imaginary

Relative dispacement of positive and negative 
ions for a wave travelling along z-axis
For TO phonon ionic displacement and E-vector
are perpendicular to K vector; For LO phonon
ionic displacement and E-vector are parallel to K
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