E&M Unit 3: Reading

Mapping Surface Charge Distribution to Explain Current


In standard circuit problems one usually is concerned only with potential drops across resistors, treating wires as perfect conductors across which there is no drop in potential. If that were the case, there would be no electric field in the wires to maintain the flow of charge.  Yet, in the previous lab, you found evidence for the existence of a small electric field in the wires. If we are to account for the flow of charge in a wire, then we must really treat the entire length of wire as a resistive element containing a small electric field due to differences in the distribution of surface charge.  Figures 1a, 1b and 1c below illustrate one way to represent this difference in charge density at various positions along the wire.  Each of these arrangements produces an equal net electric field to the right (producing an equal force on a test charge placed in the field.)  We see that the electrical field within a wire is independent of the sign of the charges but dependent upon the change in charge density.
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It is this difference in charge density that leads to a continuous electrical field in a wire as shown below in figure 2.
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Figure 2

Making A Relative Charge Density Map


How do we modify this representational tool when we include resistors in the circuit?  Simply match the difference in surface charge distribution to the magnitude of the difference in electric potential.  Consider the graph and schematic in step 5 of the previous lab.  You showed strong fields in the interval A – B (battery) and C – D (across the resistor) and weak fields elsewhere.  Thus, the difference in charge distribution should be greatest from A – B, very small from B – C, relatively large from C – D and very small from D – A.  See the diagram below.
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