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Terms to Know: electrostatics, net field, perpendicular

Learning Objectives from the beginning of the chapter in OpenStax College Physics
18.7. Conductors and Electric Fields in Static Equilibrium
• List the three properties of a conductor in electrostatic equilibrium.
• Explain the effect of an electric field on free charges in a conductor.
• Explain why no electric field may exist inside a conductor.
• Describe the electric field surrounding Earth.
• Explain what happens to an electric field applied to an irregular conductor.
• Describe how a lightning rod works.
• Explain how a metal car may protect passengers inside from the dangerous electric fields caused by a downed line touching the car.
18.8. Applications of Electrostatics
18.7 Conductors and Electric Fields in Static Equilibrium
Conductors roughly have one free electron for each atom in the conductor.  There is an extremely large number of electrons that can move in a typical conductor.  These electrons (and any additional electrons added to the conductor) quickly ( less than a billionth of a second) move to establish static equilibrium if they are ever out of equilibrium.  After this short time the charges are not moving and are not accelerating.

What is true about the net force on an object that is not accelerating?

For a conductor in static electricity, why does the component of the electric field that is parallel to the conductor have a value of 0 N/C?

For the case of electrostatics, when a neutral conductor is placed in an external electric field, the charges in the conductor move briefly to an arrangement such that the electric field inside the conductor is zero.  This has been known since the late 1700’s.  In Figure 18.31 imagine the electric field before the conductor is inserted into the electric field.  The electric field lines would be parallel lines directed to the right.  Imagine the instant in time when the conductor is inserted.  The electric field lines would be parallel lines in the conductor.  How do the charges have to move in the conductor to produce a net electric field of zero?  To produce a zero net electric field a second electric field directed to the left needs to be in place.  This accomplished by electrons in the conductor moving to the left.  The second electric field due to charge separation (polarization) in the conductor will cancel the original electric field inside the conductor.   Ask me in class if this explanation is not clear.

Note that excess charge will reside on the surface of a conductor for the case of static electricity.  This has been confirmed experimentally.   The excess charges repel each other.  The charges can move in a conductor.  The charges move to the surface around the object to establish equilibrium.

From the previous discussion you should be able to answer these questions.

1.  What is true concerning the value of the electric field inside a conductor (for electrostatics)?

2. Where does excess charge reside on a metal object (for electrostatics)?

3. How is an electric field line drawn at the surface of a conductor (for electrostatics)?

For a single charge the electric field lines diverge from the location of the charge.  Figure 18.33 shows how a uniform electric field can be produced.  We will ignore the curved field lines at the left and right edge of the sketch.  Describe how the sketch indicates that the electric field is uniform between the two lines of charge.

Sunlight can ionize atoms at the top of the Earth’s atmosphere.  Some of the electrons from these atoms can escape into space.  What is the net charge of the ionosphere?

The Earth is a conductor.  Electrons in the Earth can migrate to the surface of the Earth to try to get nearer to the ionosphere.  Does this lead to an electric field (150 N/C)  in the atmosphere of the Earth?

Large air currents in thunderstorms can cause a separation of charge.  When the electric field gets large enough (3 x 106 N/C) the atoms in the atmosphere ionize and lightning occurs.

You should know that the strongest electric field occurs at the sharp points of a conductor. A lightning rod is not used to draw a lightning bolt, but rather to reduce the net charge in the vicinity of the building to reduce the electric field and make a lightning strike less likely.

Describe the excess charges and electric field in a Faraday cage.

18.8 Applications of Electrostatics
Van de Graaff Generator

This device has a large smooth conductor at the top.  An insulating belt has electrons removed at the bottom.  The belt removes electrons at the top of the device.  A large positive charge is developed on the top dome of the device.  We will learn in a future chapter that this develops a large potential (voltage) on the top dome.  Positive ions released near this dome can be accelerated as their potential energy near the dome changes to kinetic energy.

You should read through the other examples of electrostatics (photocopier, laser printer, pollution control) in this section.
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