Scientific laws are sometimes vague, sometimes precise. They tend to be landmarks of scientific revolutions, marking increasing knowledge of the world around and within us, as resolution of our measurements increase, along with our ability to analyze their results. Scientific laws are usually learned early in our careers before our critical skills are mature, before we learn to referee papers, review grants. The restrictions in knowledge of our scientific ancestors is clear to all of us, but sometimes we forget that the laws we inherit as the landmarks of their progress are restricted too.
I write to discuss two scientific laws, conservation of charge, and conservation of mass,. Both seem precise laws of science, not limited landmarks, and in context certainly are. But when mass conservation is applied to charged molecules in chemical reactions, in the form of the law of mass action, as usually used, I show that conservation of charge is not obeyed. I argue that the law of mass action is limited in validity to strictly uncharged, nearly ideal systems, and that it must be extended to deal with charge and interactions. Conservation of charge implies that the flow of charge is continuous without loss. Kirchoff’s current law should then apply in the one dimensional systems of chemical reactions. I show it does not. Kirchoff’s current law in fact requires global theories and simulations in which distant structures change all currents. In our electrical age, most of us know personally that current flow from plugs in the wall must be maintained for electrical systems to work, even though that current flow may be many meters from the nanometer sized devices it powers. I argue then that the law of mass action needs to be extended to include the global properties of the electric field, using appropriately general mathematics, for example, field theories and variational principles.
Conservation of Charge.  The many powerful textbooks of electricity and magnetism teach that conservation of charge is universally true, exact from very small to very large scales and very small times to very large times, although its interactions with quantum and particle physics produces phenomena like the Casmir effect not obvious in classical formulations. What is not so clearly stated in most texts—I ask forgiveness for my ignorance of the exceptions—is that charge flow in real systems is an abstract idea. It is not simply the physical movement of particles of definite charge.
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