2 12
The radial force has changed: Le—+ev'B -m v'is the
471'80 R? z e R new speed
-~
m m
So, ev'B= e(v'z—vz)z e(ZV'AV)
R R
For small Av
eRB
Thus: AV =—*%
2me
| . e‘R* .
Sothat: Am=——eAvRz=——B~Z
2 am_ ?

Am always opposes B. This is called diamagnetism.

The effect does not depend on the direction of orbital motion or on the sign of
the electron charge.
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In order to describe magnetic materials, we want to use the multipole expansion
in a similar way to what we did in electrostatics.

Start with: A= (for a current loop)

,Ll dl
477:4)%

l
As before, write: 1— —Z( j Q(cos@') (equation 3.94)

% =0
2z
~ ,LL loop
So, A=—"— C_ﬁdé'+ <ﬁr cosB'dé +
4” I\/Ionopole r dipole Quadrupole, etc. e’ r
always =0 r’ A
>

We can write the dipole term this way:

. u 1

Ao =g 25 4(F- 7)o




Now, use a vector identity (see G, equation 1.108)

§(7-F')df'=~Fxd, where a = §7'xd?"

a is called the vector area of the loop. You have HW to
It is defined for all loops, including non-planar ones. study vector areas.
d = An for a planar loop.

mxr,wherem= la.

With this identity and definition, Edipole = 'uoz
Axr
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Magnetized Objects ..

A magnetized object is described by a magnetic dipole density, M.
In that case, we must integrate to calculate A:

dVol'

- M, M(F)X%E
. . A=0
M is the magnetic analog of P. a2

We could calculate B directly, but the math is much simpler if we use A.

We are going to describe the source, 2% | as being due to P
27 K
bound currents. The physics is similar to electric polarization ’
being due to bound charges. As before, I'll present an
intuitive description. G does the rigorous derivation.

Consider a volume that is full of magnetic dipoles (all pointing the
same direction). We will think of them as little current loops:

—>
M
The density of dipolesis p =

dxdydz
Therefore, the magnetic moment density (per volume) is K m:w
e 1
M:pdm:d—bz
z =
dx




Look at the end view.

End view

If the dipole density is constant, then all the internal /v

currents cancel, and we are left with a current density

around the boundary: K, =1,/dz = M. A

Actually, this is a cross product. M points along +z, and
n points along -x (on the left surface in the picture), so

K, = Mxn. There is no surface current on the end surface,
where M is parallel to n. If the surface is tilted, the sin®
dependence of the cross product gives the correct answer.

If the dipole density is not constant, then the internal
currents don’t cancel. The resulting volume current b

density is: ,_ -1 1 :dM
b Ax dz ax

This is also a cross product (actually a curl): J, =VxM

So, as with bound charge, there are two kinds of bound current:
e Asurface current, K,, due to the abrupt change of M at the surface.
e Avolume current, J,, due to non-uniform magnetization.
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