Einstein’s Fluctuation-Dissipation Relation ..

Consider a colloid of volume V suspended in a fluid.
Excess mass: m = V(peonl — Phiuid)-
External (gravitational) force directed vertically down: Fey = —myg.

Smoluchowski equation [nln66]:
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Stationary solution: On/dt =0 = n = ny(z).
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Comparison with law of atmospheres (thermal equilibrium state) [teX150],
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implies

D=— (Einstein relation).

This is an example of a relation between a quantity representing fluctuations
(D) and a quantity representing dissipation (7).

The Einstein relation was used to estimate Avogadro’s number Ny:

e Colloid in the shape of a solid sphere of radius a.

Motion in incompressible fluid with viscosity 7.

Stokes’ law for drag force: Fyag = —6mnav = —yv.
e Damping constant v = 67na (experimentally accessible).
e Diffusion constant D (experimentally accessible).

e Ideal gas constant R = Nakp (experimentally accessible).
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e Avogadro’s number: Np =



