Chapter  26  Electric Fields and Conductors
Before this chapter the electric field was not passing through any material.  We only drew electric field lines in the space between charged objects.  This chapter will discuss the behavior of electric field when a conductor is present.
Electric Field Inside a Conductor (for static electricity)
A conductor has roughly one electron per atom that is free to move in the conductor.  Experiments show that these electrons in a conductor (metal) move when the conductor is placed in an electric field.  The electrons in the conductor move until the force on the electrons is zero. The arrows in Figure 2 show the electric field outside the conductor.  

*Why are there no arrows inside the conductor?

page 2  Surface Charges

For the case of static electricity, there is no electric field inside a conductor.  Recall Gauss’ Law, 

Φ = qinside/ εo  .    Figure 3 shows a conductor, a charge Q.  The dotted line is a portion of the three dimensional Gaussian surface.  

*What is the value of the charge, Q, in Figure 3?
Figure 4a shows an electric field applied to a conductor.  What is the approximate amount of time that this drawing is accurate?                         What questions do you have on Figure 4b?

Do the electric field lines drawn in Figure 4c conform to our rules for sketching E field lines?

page 3  Surface Charge Density

Make your own sketch of a portion of the surface of a conductor similar to Figure 5.  Put some – signs on the surface to show the presence of extra electrons on the surface.  Sketch one electric field line that has an angle of 45 degrees to the surface.  Does this E field line have a component parallel to the surface?  

Would the electrons experience a force parallel to the surface?   

Would the electrons move?
Figure 5 is drawn correctly.  The E field is perpendicular to the surface of the conductor for static electricity.  A pillbox is just a short cylinder.   dA represents the area of the flat top of the pillbox.
What questions do you have on the derivation of equation 1?

page 4  Field in a Hollow Metal Sphere 

Figure 6 is a cross-section drawing of the sphere.  You should use your imagination to picture a spherical shell.  Imagine a tennis ball made of a metal shell instead of the fabric/rubber shell.

The shell is carrying a net charge, Q.  Figure 7 shows the placement of a Gaussian surface around the shell.  Why are electric field lines shown in this sketch?

The shell has some thickness to the metal.  Figure 8 shows the placement of a Gaussian surface inside the metal of the shell.  What is the value of E inside a conductor?

Why is the net charge inside the shell 0?

Figure 9  What is the value of E inside the empty space in the volume of the object?

Why?

Work Exercise 1

Work Exercise 2

page 6  Van de Graaff Generator

I will give one bonus point to the first person that sends me email with 1) the correct sign of charge on a comb after being run through a human’s hair and 2) a description of the experiment you did to determine the sign of the charge.
We will run a Van de Graaff generator is class.  What questions do you have on the principles of operation of the Van de Graaff generator?

page 7  Electric Discharge

What is your estimate of the voltage of our Van de Graaff generator?   Don’t put your finger in the gap between the dome of the generator and the grounded metal sphere.

What is the approximate net charge of the dome of our generator?

page 8  Grounding

The base of our generator will be connected to a water pipe that I know is all metal into the earth.  Where else could I connect to earth ground in our lab room?  The next time you have opportunity (warm day, no snow on the ground, at home) look for the ground rod outside your home.  I suspect you will see a copper wire (probably bare) exiting the basement wall near the place where the utility wires enter the house.  This copper wire probably goes underground a few feet until it attaches to a 4 to 5 foot long copper rod that is driven into the ground (so its top does not protrude above the ground).  Don’t dig up or cut the wire!  Don’t dig up the copper rod or detach the copper wire from the copper rod!  This rod provides an electrical ground for the 3-prong outlets in your house.  It is a safety mechanism that should not be tampered with.

Wires that are attached to “ground” are assigned a voltage value of 0 volts.

pages 8 – 10 The Electron Gun
Figure 17  Why would creating a high temperature on the filament cause electrons to be “boiled” off the filament?

pages 10, 11  What questions do you have on the sketches of the E field and equipotentials?

page 12  eV   electron volt              A mass that falls in our lab room looses PE and gains KE as it falls.  An electron leaving the negative filament of the electron gun and moving towards the positive metal looses PE and gains KE as it moves.  An electron that moves between two locations that have a potential difference of 1 volt gains KE of 1 electron volt (1 eV).   1 eV = 1.6 x 10-19 Joules

Calculate the KE (in Joules) of an electron that starts from rest and moves through a potential difference of 12 volts.
Calculate the speed of this electron in meters/second.

As long as the electron has a KE of less than .1Mev I will not apply Special Relativity to the calculations.  As a general rule, you can skip Special Relativity considerations when the KE is less than the rest energy, m0c2, of the particle.
page 14  The Parallel Plate Capacitor

A battery is a device that uses chemical energy to separate charge.  The separated charge creates a potential difference between the two poles of the battery.  In Figure 25, which plate of the capacitor has extra electrons (this plate has a net negative charge)?

We will make a drawing of an ideal capacitor (large area, small separation of the plates, i.e. Figure 27).

If the charge on the upper plate is Q then the E field has a strength of Q/( εo A) in between the plates.

Suppose you wanted to move a positive charge from very near the bottom plate to very near the top plate.  Would you have to do work on the charge?

For charges in general (not unit charges) the work done is calculated with   Work = q V    where V represents the potential difference between the start and end locations of the charge, q.

Calculate the work done in moving an electron across a 1.5 volt potential difference.

The potential difference, in Volts, between two locations can be found from  V = E d  , IF the electric field is constant between the two locations.    d is the displacement in meters between the locations.  It turns out that E = 26 N/C = 26 Volts/meter  .    1 N/C = 1 Volt/meter.
Substitute equation 8 into equation 9 to eliminate E.

The quantity  ( εo A)/d is called the “capacitance, C”  This quantity has units of Farads.  Note that it depends on the geometry of the capacitor, not the Q or E or V values.
What would happen to the voltage value between the capacitor plates if the capacitor was disconnected from the battery and the d value was increased?

Calculate the area for a capacitor in which d = 1 mm and the capacitance value is 1 Farad.

pages 16,17 Optional (if time)  Deflection Plates
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