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Small-numbers dynamics in biology and 
nanotech: the Maximum Caliber approach 
to nonequilibrium statistical mechanics
The laws of dynamics — Fick’s law of diffusion, Fourier’s law of heat flow, and the mass-action models of 
biochemistry, for example — are applicable in bulk solutions where the numbers of particles are macro-
scopically large. But, inside biological cells, or in applications in nanotechnology, the numbers of particles 
of a given type is often less than a few hundred. We are interested in the dynamical fluctuations that occur 
in such cases. To explore small-numbers dynamics, we have explored small-numbers diffusion by micro-
fluidics and single-particle two-state chemistry using laser-trap experiments. We find that the dynamical 
distributions are well predicted by a trajectory-based approach that ET Jaynes called “Maximum Caliber”.
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FIG. 2: Sculpted energy landscapes (left, averaged 20 minutes) and the corresponding

microtrajectories (right, for 10 seconds). The black trace is raw data; red is after boxcar

filtering and threshold finding. Top: states are nearly equally populated; low barrier (frequent

transitions). Middle: xx state is more populated; high barrier (infrequent transitions). Bottom:

upper state is more populated; low barrier.

ith conversion from B to A are given by

pi
A∆t = kA∆te−kAti

pi
B∆t = kB∆te−kBτi (14)

where the time spent in state A is t and in B as τ . pi
A∆t is the transition probability of

observing a jump from A to B in time ∆t. kA and kB are the intrinsic rates that govern

the one-step jumps. Thus the probability of observing a microtrajectory having Ns inter-

conversions is given by the product of Ns/2 probabilities pA
i and pB

i , where i = 1, ..., Ns/2.

This follows if the trajectories are Markovian and jumps are independent. Drawing on the


