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The work reported here was stimulated by intensive discussions with Chun Liu, Pennsylvania State University, and would not have occurred without them. The particular formulation of the Poisson Nernst Planck system I use here is that being used in work in collaboration with Allen Tzyy-Leng Horng, Feng Chia University, Taichung, Taiwan, Tai-Chia Lin 林太家 of the National Taiwan University Taipei, and Chun.



	Biology and chemistry occur in ionic solutions for the most part. Water without ions is lethal for cells and most proteins. Chemistry is often done in ionic solutions. Little more needs to be said about the significance of ionic solutions beyond references XXXXX.
	Ions in water like Na+, K+ and Cl move approximately as hard spheres in a resistive dielectric as described by the implicit solvent (so-called) primitive model of electrolyte solutions. A good representation of this model is given by the Poisson Nernst Planck equations modified to deal with finite size ions.
	Partial differential equations of this sort couple diffusion, migration, and the electric field and form a system that must be mathematically well defined if they are to be solved. The formulation of a wll posed version of these equations, starting at time zero, progressing to time infinity, including multiple species is addressed here. I am unaware of previous treatments of this problem that produce wellposed mathematical problems for all mixtures of ions on this complete time scale, although such treatments may well exist beyond the horizon, of my knowledge and experience.
	The equations we consider are just the PNP equations themselves, with ions treated as points, since as far as I can tell the issues of well posedness are the same as in more realistic models.
	The central issue is that boundary conditions are always set using electrical variables, electrical potential and electrical current. But the PNP equation specify the flux of ions, not the current. The system is then ill posed. The current is the sum of the (weighted) fluxes of the PNP equation, plus the capacity current. There is a tension then between the obvious boundary conditions for PNP, which specify all of the fluxes, and not the current.
	The solution proposed replicates the laboratory situation. it includes a ‘shunt’ pathway for current flow in addition to boundary conditions for the current and all but one of the fluxes. The shunt pathway is chosen so it only conducts the neglected flux (the one left out of the set called “all but one”) and conducts it with a flux very much less than the peak flux of that ion during experiments. The total current then consists of the weighted average of all but one ionic fluxes, plus the shunt flux (of the ‘one flux’) and the current through the stray capacitance. The current of interest is recovered by subtracting the ‘one flux’ and the capacitive current from the total. The total current can be resolved into its flux components by procedures used in experiments.
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