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Brownian motion goes ballistic1

ERNST-LUDWIG FLORIN, University of Texas at Austin

It is the randomness that is considered the hallmark of Brownian motion, but already in Einstein’s seminal 1905 paper on
Brownian motion it is implied that this randomness must break down at short time scales when the inertia of the particle
kicks in. As a result, the particle’s trajectories should lose its randomness and become smooth. The characteristic time scale
for this transition is given by the ratio of the particle’s mass to its viscous drag coefficient. For a 1 µm glass particle in
water and at room temperature, this timescale is on the order of 100 ns. Early calculations, however, neglected the inertia
of the liquid surrounding the particle which induces a transition from random diffusive to non-diffusive Brownian motion
already at much larger timescales. In this first non-diffusive regime, particles of the same size but with different densities
still move at almost the same rate as a result of hydrodynamic correlations. To observe Brownian motion that is dominated
by the inertia of the particle, i.e. ballistic motion, one has to observe the particle at significantly shorter time scales on the
order of nanoseconds. Due to the lack of sufficiently fast and precise detectors, such experiments were so far not possible on
individual particles. I will describe how we were able to observe the transition from hydrodynamically dominated Brownian
motion to ballistic Brownian motion in a liquid. I will compare our data with current theories for Brownian motion on fast
timescales that take into account the inertia of both the liquid and the particle. The newly gained ability to measure the
fast Brownian motion of an individual particle paves the way for detailed studies of confined Brownian motion and Brownian
motion in heterogeneous media.
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