
This is called a Kramers - Kronig relation .

By definition . ✗(w) = ✗Tw) ti ✗
"(w)

where ✗
' Lw) and ✗

" Lw) are the real

and imaginary parts of
XLW) .

since 1- = P (E) + in 8cal
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where P denotes the principal part ,
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Therefore . ✗
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which is another way
to write the

Kramers- Kronig relation .

This relation is

experimentally quite useful
if one has

access only to ↳ayy the imaginary

part of a response function of a function

of frequency .
Then , one may be

able to

obtain the real part using above relation .



Linear Response to density perturbations
for non-interacting electrons .

Consider the following setup :

Hot) = Eek ctncntzvcr.tl ctcrlecrl
r

We turn on vcr.tl smoothly at 1- = to⇐→)

and we are interested in change in local

density1=88 ) at arbitrary times
due to this

change in the Hamiltonian .

To linear order in V
, we

know the

answer from our discussion
above ,

8pcr.tl = / ✗ Cr-rst -t
') verst 's
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where ✗ cr.tl = - i octkcpcr.tl , poop>

Fourier transforming ,

8ps (Kw) - ✗ (Kew) Vckew)



Where ✗Cknw)

iwt

= - i J Oct) ( (pret ) , fkco)]> e at

Assuming that initially lie
before V is

turned on ) .
the system is in

the ground

state of Ho = Esk ctkck ,
one can now

explicitly calalate the above expectation

value using Wick's theorem .

Using Pk = fetcher , eiknr

= f- I ctqcytkq

After a bit of albgebra ,
one finds .

XCK.io ) = - i fact, eiwgtti
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Jt or

•

dwi
, this becomes

using out = Em. /%e
→
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