Several other approaches have been used to compute flow in similar physical systems.69, 70, 71, 72, 73, 74, 75 All sphere models have been simulated and analyzed1, 2, 3, 4, 5, 6, 7 in a number of other publications56, 57, 58, 59, 60, 61, 62 with a focus on different questions. 
Various extensions10, 11, 13, 41 of Monte Carlo are useful near equilibrium but have not been examined 8, 9, 10 when large gradients of electrical potential are applied.11, 12, 13, 14 Properties at large potentials seem particularly important to some of us because the robust nonlinear devices of semiconductor physics8, 15, 16 —on which so much of our technology depends, e.g., transistors and thyristors—require large potentials. The possibility that evolution has constructed devices analogous to (for example) bipolar transistors17, 18, 19 cannot be evaluated by calculations close to equilibrium. Calculations of devices have to deal with large potentials and flows as found on the terminals of semiconductor devices. 
[bookmark: _GoBack]Flow can be analyzed in general by the energetic variational approach20, 21, 22, 23, 24, 25 that is automatically consistent (as a result of the mathematics) and includes macroscopic flows of the Navier Stokes equation, as well as electrodiffusion on all scales, at least in principle.25 The several components of flow of classical theory38 arise automatically in a general mathematically consistent treatment. But the variational approach has not yet been computed in three dimensions. Variational models—along with many others—are limited by the time needed to compute steric repulsion forces between all ions. The general variational approach leads includes Boltzmann distributions that in principle allow overlap; steric forces prevent overlap in practice and are expensive to compute.
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