3-7 Maxwell's Equations

Reading Assignment: pp. 81-84

We now know what forces the fields E(7) and B(r)
apply on charges and currents (i.e., Lorentz Force Law).

Q:

A:
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Maxwell's Equations

Consider what we now know:
1) Law of Charge Conservation (KCL)
2) Coulomb's Law of Force
3) Ampere's Law of Force
4) Lorentz Force Law
These are all valid laws, but they are not complete. That is,

they do not completely describe the relationships between
J(r), p,(r),B(r),and E(r).

In 1873, James Clerk
Maxwell published a book on

electromagnetics, which
included a complete, unified
theory.

This theory includes 4
equations relating J(r,7),
p,(r,t), B(r,#), and E(r,7),
called Maxwell’'s Equations.
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From Helmholtz's Theorems, we know that we must know both
the divergence and the curl of a vector field in order to
determine the vector field.

Note Maxwell's Equation does this for both the electric field
E(r,7) and magnetic flux density B(r,7)!

Q: Is the magnetic flux density B(r,t) conservative,
solenoidal, or nerither?

A:



Since the divergence of the magnetic flux
density is zero (V:-B(r,7)=0), it is a solenoidal
vector field.

Thus, all the things that we learned about
solenoidal fields are true for the magnetic flux
density B(r,7).

Likewise, the sources of this rotational field
appear to be current (i.e., 1, J(r,7)), and/or a time-

varying electric field:

E(F
VxB(F, 1) = uJ (7, 1) + po, E(r.7)

Note that permittivity ¢, and permeability ., of free space
appear also in Maxwell's Equations !

Q: Is the electric field E(r,7) conservative, solenoidal, or
heither?

A:



* Since neither the curl nor the divergence of the
electric field is zero, the electric field is neither
conservative nor solenoidal.

* Instead, it is apparent that the electric field has
both a solencidal and conservative vector
component!

* The source of the solenoidal component of the
electric field E(r,t) appears to be a time-varying

magnetic flux density:
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* Whereas the source of the conservative

component of E(r,7) appears to be charge:

v-E(F )= 2T)
0

Q: But, what else do Maxwell’s Egquations mean?

A: They mean that the rest of the semester will be
very busy!



