Electricity & Magnetism 

Introduction.  The purpose of this chapter is to make a connection with the bulk world and the macromolecular world.  A recurring theme for any molecular scientist, is that most of the world—including many friends in other science, engineering or math disciplines—just don’t function in molecule land.  For them, the world is made up of “substances” and both simple and elegant tools have been devised to study “stuff”.  Our job in this chapter is to get molecularly useful information out of the “stuff” view.  

Work, Charge, Fields and Displacements.  We begin with the equation


W = Q(E(D = Charge(Electric Field(Distance
We can break this up in different ways to identify what things mean.
W = Q(E(D = Something( Distance 

Of course, it is force times distance that gives work or energy, so Q(E must be a force:  F= Q(E.  Sure, that’s how we learned it back in Physics, right?  The electric field is defined as the force on a unit test charge.  


( E has units force/charge or nt/coul.  
W = Q ( E ( D  = Coulombs(Something
This something is electrical potential energy per unit charge, otherwise known as Volts.  Thus, E(D=V and W=Q(V.  Don’t remember that one?  Maybe its time derivative will be more familiar:  
P=I(V 
where P = power (work by time) and I = current (charge by time).  Anyway, you can see that Volts have the meaning of energy per charge.

( 1 Volt = Joule/Coulomb.  
W = Q ( E ( D = Some(E(Thing
This something is Q(D, also known as dipole moment (symbol ).  Dipole moment has the units of charge(distance (coul(meter), which is also known as a Debye.  Eventually, we will use the fact that a dipole moment multiplied into a field gives work.  
Let’s see, what else?  While we have P=I(V close by, let’s remember that the voltage across a resistor is V=I(R (equivalently, I=V/R), so we can write:  

P = I(V = I 2R = V 2/R 
A lot of equipment gets burned up because people don’t appreciate what a square law does to power consumed and dissipated.  
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Soon, we will introduce another electrical system that doesn’t use coulombs and the E units in that system will show us additional significance.





Caveat:  E and m and D should really be written as vectors.





Depending on your math background and age, you may have seen QED at the bottom of every math proof in every book; it is Latin for “which was to be proved”.  It is easy to remember W=QED because you are here to prove you can do work.   








