Chapter 32  Maxwell’s Equations

This semester our studies of electricity and magnetism have been guided by three laws and a force calculation.

Gauss’ Law (1835) is the formal statement that includes Coulomb’s law (1784).  Gauss’ Law discusses the amount of electric field through an area (due to a charge).

Ampere’s Law (1820) discusses the magnetic field on a path (due to a current).

Faraday’s Law (about 1831) discusses the electric field on a path (due to a change in the magnetic flux).

F = qE + qvB

This chapter discusses how Maxwell modified Ampere’s Law.  The chapter also discusses Gauss’ Law for magnetism, the fourth major law of electricity and magnetism.

In 1860 Maxwell slightly revised Ampere’s Law and wrote down the complete set of fundamental equations for electricity and magnetism.  Maxwell used these four equations to predict the existence of electromagnetic radiation that traveled at the speed of light.  What is another name for electromagnetic radiation?
page 2  Gauss’ Law for Magnetic Fields

Write Gauss’ Law for electricity.

Gauss’ Law for magnetism is 

(sum of magnetic flux through a closed surface) = constant * net magnetic poles inside the area.

*What is a magnetic monopole?

Experiments for the past 25 years designed to detect monopoles have not been successful.

If there are no magnetic monopoles then the Guass’ Law for magnetism is  

(sum of magnetic flux through a closed surface) = 0.

The non-detection of magnetic monopoles is a disappointment to theoretical physicists who are trying to find a Grand Unified (Field) Theory.

page 4  Maxwell’s Correction to Ampere’s Law

Write Ampere’s Law.

In what way is Ampere’s Law similar to Faraday’s Law?                    In what way are they different?

What questions do you have on pages 4 and 5?

Equation 8 is called the “Displacement Current.”

Write Maxwell’s version of Ampere’s Law.

page 6,7 You should read this example.  I will not directly cover it but if you have a question about it please ask your question in class or in my office.

page 8  Maxwell’s Equations                 Did Maxwell discover all of these equations?

*Write each of Maxwell’s Equations in your own words, without using any mathematical symbols.

page 9  Symmetry of Maxwell’s Equations

What questions do you have on this material?

page 10  Maxwell’s Equations in Empty Space

TRUE or FALSE  A changing magnetic field creates an electric field.

TRUE or FALSE  A changing electric field creates a magnetic field.

pages 10 - 17 A Radiated Electromagnetic Pulse

PHY162 will discuss this material.

The summary of this material is that there can exist a traveling wave described by oscillating electric and magnetic fields.  These fields are perpendicular to each other and to the velocity vector of the wave.

The traveling wave has a speed equal to the speed of light.

*What is the traveling wave called in common English?

page 18  Electromagnetic Waves

wavelength




frequency

We will do some wavelength, frequency, period, etc. calculations.

*What is true concerning the electric and magnetic field vectors and the direction the wave is traveling?

page 20 Electromagnetic Spectrum

velocity = wavelength * frequency

page 20 Components of the Electromagnetic Spectrum

1887 Hertz confirms electromagnetic waves exist

page 22  Blackbody Radiation

*Do you emit infrared radiation?

page 22  UV, X Rays, Gamma Rays

What questions do you have on this section?

What are some differences in the ways that different wavelength electromagnetic waves interact with matter?

page 23 Polarization

Electromagnetic waves that have no preferred direction of the electric field are called unpolarized.

Polarized waves have the electric field oriented in one direction.

page 24 Polarizers

page 25 Light Polarizers

Why do long molecules have the ability to polarize unpolarized light?

We will have a demonstration of polarizers.

Page 26  Magnetic Field Detector

What questions do you have on this section?

page 28  Radiated Electric Fields
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