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A. The Complex Susceptibility

In the last lecture we found that the linear response to a force F(t) is given
by

AB(t) = j dt'F (t') gea (t - t') (17.1)
where the after effect orﬁnear response function is given by
don (1) = [ AX T, {B(t), A(0)} =({B(t), A(0)}) 17.2)

The after-effect or linear response function ¢,, (t —t’) has a property
called causality. If t’ is the time of application of the perturbation and t is
the time of response, ¢,, (t—t")=0 if t<t’. That is, the effect cannot

precede the cause. Causal functions have important properties called
Kramer-Kronig relations, discussed below.
Assume the applied force has the form

F(t)=F,cosot=F, Re(e") (17.3)
then (17.1) assumes the form...
t t
AB(t) = j dt'F (t") dea (t—t') = F, Re{ j dt'e " g, (t —t’)} (17.4)

Now we apply the change of variable 7 =t —t" and (17.4) becomes
Mt 0

AB(t)=F, Re| [ dte g, (t —t’)} =F, Re[e‘wtjdre—‘”fqﬁBA (z‘)} (17.5)
) 0

Finally (17.5) can be reduced to

AB(t)=F,Re e""tTdrei””gﬁBA (z‘)} =F,Re[e” 7o (0) ] (17.6)

where... yg, (@) = jdre"””g/}BA (7) is called the complex susceptibility.
0

We identify two components of the susceptibility...



XA (a)) = Xoa (a))— | 76 (a))

where... 75, (@ Idr¢BA Jeoswz and x4,
SO that

AB(t)=F, [;(BA Jcoswz+ xg, (@)sin a)r] (17.8)

The term 4, (@) is called the in-phase response because it is in phase
with the applied force. The term yg, (@) is the out-of-phase response.

Jd 7 Bga (7)sin 07 7.7

B. Absorption/Dissipation

The physical meaning of the two components of the complex susceptibility y will

now be discussed. The potential (free) energy of the system in the field of the applied
force at time t for A=B and

e The reversible work performed over one cycle at angular frequency o is
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If the perturbation to the system is -F(t)AB(t)the average rate of energy
dissipation over one cycle is —dF/dtAB(t)
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The second line is obtained by integrating the first line by parts and
neglecting the boundary conditions. In the second line in (17.10) the
integrant is clearly the rate of work done on the system per unit time and
thus is the energy absorbed by the system from the field per unit time..



