
Electric and Magnetic Fields in Matter
Static Fields

Time-Dependent Fields
Stationary Media

Moving Media

Basic Idea 
The applied fields induce internal alignment
This alignment produces an additional field

Formalism 
Introduce fields that do not include the fields due to alignment

free charges free currents
bound charges bound currents

Introduce polarization due to the bound charges and currents

























































http://www.falstad.com/vector3de/

This applet is an electrostatics demonstration which displays the electric field in a number of 
situations. You can select from a number of fields and see how particles move in the field if it is 
treated as either a velocity field (where the particles move along the field lines) or an actual force 
field (where the particles move as if they were charged particles). This helps you visualize the field.
When you start the applet, you will see 500 particles moving in a point charge field. By default the 
particles are treating the field as a velocity field, which means that the field vectors determine how 
fast the particles are moving and in what direction. In this case, the particles just move toward the 
center. The velocity of all the particles at a certain point on the grid is always the same. If the field is 
a force field, then the field vectors determine the acceleration of the particles, but their velocity may 
vary depending on where they started.

The Field Selection popup will allow you to select a vector field. 

The choices that we looked at in class are:

conducting sphere + pt: A conducting sphere near a point charge. The size of the sphere, the 
separation between it and the point charge, and the potential of the sphere are all adjustable. By 
default the sphere is grounded.

charged sphere + pt: A charged sphere near a point charge. This is provided to show the 
difference between a charged sphere and a conducting sphere. (The main difference is that the 
electric field lines are always perpendicular to the surface of the conducting sphere, whereas this is 
not true with a charged sphere. This is easier to see with a Y Slice.) By default the sphere has no 
charge, but this can be adjusted to a positive or negative value.

cyl + line charge: A conducting cylinder near a line charge.

conducting sphere in field: A grounded conducting sphere in a uniform external field.

dielec sphere in field E: This is the electric field of a dielectric sphere in a uniform external field. 
The size of the sphere and the dielectric strength are adjustable. A dielectric is an insulating material 
whose atoms are polarized in response to an external field; this causes the field to be weaker inside 
the dielectric.

cylinder in field: A grounded conducting cylinder in a uniform external field.

dielec cyl in field E: This is the electric field of a dielectric cylinder in a uniform external field. 
The size of the cylinder and the dielectric strength are adjustable.

dielec boundary E: This is the electric field of a point charge near a dielectric boundary. The point 
charge is located outside of the dielectric by default; so the dielectric is the area below the boundary 
plane. The location of the point charge and the dielectric strength are adjustable.

conducting plane + pt: This is the electric field of a point charge near a conducting boundary.






























