Electric Charge


(get out your calculators!)





Matter is composed of electrically charged stuff.   All matter is made of particles called protons, neutrons, and electrons.  Below is a picture of an atom (it is actually a pretty bad cartoon, but when these particles were discovered, scientists thought this was an accurate picture).  Which particles would you expect to find at each point in the picture?  Label some of the particles.
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We call the charge on an electron “-e” and the charge on a proton “+e”  (this e is a unit of electrical charge and is NOT related to the “e” of natural logarithms which is the number 2.71828…).





Below is a segment of copper wire.  Moving electrons in the copper wire can carry electrical charge from place to place (atomic nuclei don’t move far in solids).
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If the radius of the wire is 0.2 mm, find the cross-sectional area of the wire.


Assume that the electrons are moving to the right at a speed of 1 cm per hour (this sounds slow, but it is not unreasonable).  Think of the electrons as a fluid moving through the wire.  What is the flow rate of the fluid through the wire?  What are the units of your answer?  How useful do you suppose these units are for measuring the flow of electricity?


�
It turns out that there are about 8 ( 1028 of these mobile electrons per cubic meter of copper (there are almost thirty times as many electrons, but most don’t move).  What is the flow rate of electric charge through the wire?  Now what are the units of this flow rate?


Using the units above, what is the direction of flow of electric charge? 


The number above is pretty high.  It is often easier to define the unit of electric charge so that these flow rates don’t appear quite so high.  The SI unit of electric charge is defined to be the Coulomb:


1 e = 1.6 ( 10-19 C = 1.6 ( 10-19 Coulombs


What is the flow rate in terms of Coulombs/second?





The SI unit of charge is chosen so that SI units of electrical flow rate will be of reasonable size.  We usually refer to “electrical flow rate” as “electrical current” and the SI unit of current is the Ampere or the Amp:


1 Ampere = 1 Amp = 1 Coulomb/second = 6.25 ( 1018 e/s


This makes the SI unit of electric current reasonable, but it makes the SI unit of electric charge (the Coulomb) unreasonably huge.


In a wire this thin, it is hard to get the electrons moving very fast, but just imagine that we could get them zipping along with a speed of about 1 mm/s.   With these “super-fast” electrons what would the new flow rate be?


If we were to get the electrons moving as fast as 1 mm/s, the wire would become very hot.  What does this tell you about the nature of the flow of electrons through these wires?


Electric Charge	GRCC Physics	page � PAGE �2�











