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Ion flow is always constrained by interactions. Maxwell’s continuity of current force perfect spatial correlation of current flow everywhere (accuracy 1/1018), at all times in all systems. 




     , no matter what  is!   
Classical chemical and Markov models do not deal with spatial correlations. Models defined by ordinary differential equations in time do not automatically satisfy spatial conservation laws so they cannot be assumed to satisfy continuity of current. For example, (1) Chemical reaction models depending on the law of mass action, or (2) Markov models of stochastic processes, or (3) ordinary differential equations with rate constants that are local functions (or constants), must then be embedded in a spatial model or simulation if they are to be useful in systems in which current flows or its fluctuations are important. (Maxwell equations are valid at much shorter time scales than the time scale of fluctuations in ionic solutions.) 
Simulations of ionic systems are most helpful if they satisfy continuity of current as well as conservation of mass and charge. Ionic devices are usually controlled by ions at very high number densities. Number densities in ion channels and enzyme active sites are often more than 30 molar. (Solid Na+Cl- is 37 molar for comparison.) Variational methods are the safest way to deal with such crowded interacting charges but they lead to differential equations that are difficult to solve in complex structures like proteins (or electrodes of fuel cells or batteries).
[bookmark: _GoBack]Carefully crafted reduced models can give satisfactory results if care is taken to satisfy conservation of charge and current flow while describing steric interactions. Most of electrical engineering is based on such models of current flow. Kirchoff’s law of current flow in semiconductors makes circuit theory and computer science possible. But electrons and holes of semiconductors have zero diameter, unlike ions. Ions have finite diameter and often are found in channels only twice as large. Steric forces and saturation phenomena become vitally important in crowded systems like channels or electrodes of fuel cells and batteries. 
Fermi-like distributions can be joined to Poisson and Nernst Planck partial differential equations. Conservation laws are then satisfied automatically in saturating systems of crowded spherical ions. This approach successfully describes ionic solutions in bulk, and ions in gramicidin and calcium channels.
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