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Studies of the dielectric function  (K, )̟ by optical spectroscopy are very 

useful in the determination of the overall band structure of a crystal, and 

optical spectroscopy has developed into the most important experimental 

tool for band structure determination. In the infrared, visible, and ultraviolet 

spectral regions the wavevector of the radiation is very small (Kḗ0) compared 

with the shortest reciprocal lattice vector, and therefore it may usually be 

taken as zero. We are concerned then with the real Ωand imaginary parts έ 

of the dielectric function at zero wavevector; ( )̟ = Ω( )̟ +ƛ έ( )̟. However, 

the directly accessible functions from optical measurements are the 

reflectance R( )̟, the refractive index n( )̟, and the extinction coefficient K( )̟. 

Our first objective is to relate the experimentally observable quantities to the 

real and imaginary parts of the dielectric function. The reflectivity coefficient 

r( )̟ is a complex function defined at the crystal surface as the ratio of the 

reflected electric field E(refl) to the incident electric field E(inc): 

Here, (́ )̟ and —( )̟ are the amplitude and phase components of the 

reflectivity coefficient, respectively. 

Macroscopic Properties



At normal incidence, the reflectivity r and reflectance R in the crystal can be 
expressed as

By definition, n( )̟ and K( )̟ are related to the dielectric function ( )̟ by 

,  where N( )̟ is the complex refractive index. 

The transmitted wave in the medium is attenuated because, by the 

dispersion relation for electromagnetic waves, the wavevector in the 

medium is related to the incident wavevector k in vacuum by (n + iK)k: 

From the experimental we can measure the intensity of the reflected wave, 

which is termed the reflectance R( )̟ = r* ( )̟r( )̟. We also need to know the 

phase —( )̟ of the reflected wave in order to obtain n( )̟ and K( )̟, but It is 

difficult to measure —( )̟. We show below that it can be calculated from the 

measured reflectance R( )̟ if this is known at all frequencies. 

and



Kramers-Kronig Relations

(a) The poles of h ( )̟ are all below the real axis. 

(b) The integral of (h )̟/˖vanishes when taken around an infinite semicircle 

in the upper half of the complex -̟plane. It suffices that (h )̟ 0 

uniformly as ᷄ ˖᷄ қ. 

(c) The function h Ω( )̟ is even and h έ( )̟ is odd with respect to real ̟ . 

Then

eҍi t̟  , F̟  is the applied force and x  ̟the displacement. 

From the equation of motion, 

The KramersςKronig relations are bidirectional mathematical relations, 

connecting the real and imaginary parts of any complex function that 

is analyticin the upper half-plane. The relations are often used to compute 

the real part from the imaginary part (or vice versa) of response 

functionsin physical systems. The response of any linear passive system can 

be represented as the superposition of the responses of a collection of j 

damped harmonic oscillators with masses Mj. Let the response function (h )̟ 

=ʰΩ( )̟ + ƛʰέ( )̟ of the collection of oscillators be defined by 



Consider the Cauchy integral in the form 

Substitute p for ҍs and use property (c) that hέ(ҍǎύ Ґ ҍ h έ(s), then

=

where P denotes the principal part of the integral and the right-hand side is 
to integrate over the semicircle at infinity in the upper half-plane. We 
equate the real parts of the equation to obtain 

The segments (1) and (3) are by definition the 

principal part of the integral between ҍқ and қ. 

Because the integral over (1) + (2) + (3) + (4) must 

vanish, 

ҍ


