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A. Kubo’s Theorem: Quantum Form

e [n the last lecture we derived the expression for the quantum
mechanical linear response function:
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e Expand the trace in an eigenbasis of Ho:
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e (22.2) can be re-arranged to yield
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e Now we consider the Fourier transform of the response function...
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Where the last I|ne foIIows because the integral definition of the delta
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e Now we consider the quantum mechanical correlation function...
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e We similarly consider the Fourier transform of (22.5)...

Gop () = | dte™ gy (1 (22.6)

e Combining (22.5) and (22.6), and proceeding analogously as in
(22.2)-(22.4) we obtain

V4 (1+ g /o )

GBA (a)) = Q Zeiﬂhwmé‘(w_ wnm ) Ann Bnm (227)
e Combining (22.4) and (22.7) we get
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where we have used the definition tanh(x) = x 2_
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Equation (22.8) is Kubo’s theorem. It shows that the Fourier transform of the

response function is related by a factor of tanh (;TC_T_) to the Fourier

transform of the correlation function.
e Combine (22.5) and (22.8)
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e Equation (22.9) is the quantum mechanical fluctuation-dissipation
theorem. We can recover the classical limit by evaluating (22.9) at infinite

temperature. Using the fact that I|mtanh( )=x
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which is identical to the classical fluctuation- d|SS|pat|on theorem obtained
earlier...



