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Magnetic vector potential

Magnetic vector potential A

B=VxA and V.A=0

V2A = —u,] identical to
V

= — — Poisson’s eqgtn.
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Multipole expantion of
magnetic vector potential

In the fig. left we set the
origin at ‘O’ and eventually
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The 1%t term corresponds to monopole, 2"9 to dipole
and 3" to quadrupole



Nowas%dl =)

Magnetic monopole doesn’t exist which reflects
In the Maxwell’s equation ¥ B = (

The Magnetic dipole term

Uol
41r12

Efdip < § r'cosOdl



Magnetic dipole moment
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Where TTiEIfdfi=Ifi

is Magnetic dipole moment



Torque on magnetic

—

dipole: N = 71 x B

e

_F 0 Force on magnetic

i dipole: F' = V(mi.B)




Magnetization

Magnetization M is defined as magnetic dipole
moment per unit volume, so dipole term can
be written as
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Looks like potential Looks like potential
of a volume current of a surface current

[, =VxM K, =M xfi



Bound Currents

J, and K, are bound currents analogous to

Bound volume charge Pp = —V.P

and bound surface charge 0}, = P. 7



Bound Currents

Electrons inside the material
generating dipoles by tiny current
loops, all the internal currents cancel
except at the edge, giving a single
current | flowing around the boundary.

Each tiny loop has area a and thickness
t, so dipole moment m=Mat. In terms
* of current m=la . So I=Mt and

Kb = I/t = M. Using outward-drawn
vector K, = M X fi



7 A

Nonuniform Magnetization

M(}-’}T

M. (y + dy)

s

—— p——

dy

-

g ]dz

(a)

=1

Internal currents no longer
cancel. From left the net
current in the x dirtn. Is

= [M,(y +dy) — M,(y)|dz
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Nonuniform magnetization in
y dirtn. would contribute
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In general E —VxM

J, obeys conservation law

V., =0
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