
KRAMERS-KRONIG RELATION
and applications



Fourier transform of pulse functions
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Fourier Transform, properties



Example:  Use the symmetry property of the Fourier transform to 
obtain FT of the product.  
The FT for a rectangular pulse is given by:



EXAMPLE:



Pairs of Fourier transforms
Peter Olver: 
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Pairs of Fourier transforms



f̂(k) = F [�(x)] =?

f

e

(x) = e

�a|x| lim
a!0

fe(x) ⌘ 1

lim

a!0
ˆfe(k) = lim

a!0

r
2

⇡

a

k2 + a2

=

⇢
0 for k 6= 0

1 for k = 0

Remind that



F(�(x)) =
1p
2⇡

Z +1

�1
e

�ikx

�(x)dx

= lim
✏!0

1p
2⇡

Z +1

�1
e

�ikx

e

�✏x

�(x)dx

= lim
✏!0

1p
2⇡

1

ik + ✏

f̂(k) = F [�(x)] =?

= lim
✏!0

1p
2⇡


✏

✏2 + k2
+

�ik

✏2 + k2

�

estimated as for an exponentially 
decaying right-handed pulse... 

FOURIER  TRANSFORM OF  THE  HEAVISIDE FUNCTION



EXAMPLE:  After-effect and polarization 

relative permittivity
dielectric constant

The polarization response is not instantaneous (the charges take time to redistribute 
themselves in an instantaneous application of an external electric field).

C. F. Bohren,  „What did Kramers and Kronig do and 
how did they do it ?,” Eur. J. Phys. 31 (2010) 573
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Causality of the response: 
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Evaluation of F [�(t)�(t)]
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Kramers-Kronig relations:
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POWER  ABSORPTION
... we have defined
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Sochocki-Plemelj formula
can be used to derive the above longly calculated integrals...



Sochocki-Plemelj formula
wide application in physics...


