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Today in Physics 217: magnetism in matter
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Magnetism

There are three forms of maznetizm in matter, all havine to

dao writh spins of atomic elechons.

O Electrons have cpin, and spinmine charzes have masnetic
dipals momants that can be alizned by external aenetic
fralds.

O However, the spin of electrons, and the pairines of
electrans within atoms, are mandfestatons of quandum-
mechanical =Hf=cts, so0 mazneticm i not really
understandahls cvaphy froem our present classical
viewpaint.

Anyway, here are the three kinds of mazne=tzm:
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Magnetism (continued)

O Femromagnetism
The Layman's magneticn, thic & the only strong form of
maznetim
* Tt comes froen alizned spins of unpaired 4 electrons in

transition mmetals, i::puﬂjm:]ﬁm:h iran and cobalt
(hence the name), and rare sarths like samariom.

O Paramagnetizm

Analozous to electnic polarizabion. and puach weaker than

ferromaznetizo; can almwost understand classically.

* Produced by interaction of B with dipole morments of
unpaired = o1 2 =lectrons. Alurminuen, for example, hac
ane # eleckran in itz valence shell, and i paramaznetic.
So is molecular axy which has two unpaired spin:
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Magnetism {continued)

O DHamagnetizm
Comes from the interaction of B with mduced maznetic
dipales in atoms; also ruach weaker than ferromasnetizm,
* Contrary to the way electric palarization works,
diamnasreticen is characterized by masnatication in the
direction opmasifs that of the applied Beld.
* Sean bect in materiale inwhich all the slsctrons are
paired off (Me, N ... L.
Whatever the type, we can define 3 magnetization, in
maznetc dipols momandt
unit volumme
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Magnetization and bound currents

Like P. which we interpret in terms of bound char=e, M can
be interpreted in termc of bound currents, which we can
characterize by consideration of the
maznetic potential for a dipale.
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Magnetization and bound currents (continuned)

Do, for any vectar function © = ofr) and a constant vectar C,
we can write the diversance theoram as
F?-[rxf]k—cﬁ-[rnl:]-nh

|:.
J[c-(Txz) —F"ﬂl]k = f{oxC)-da Product Fule 26

C-[Vuzd =gi(rC)-da C iz constant
—C-#-.JEI'E triple product rule 1
_l-"t_:-:l:ln":—-:_ll:-dn::-:'l: ’

Thus A= [ 100 M+ 24232
= X - T
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Magnetization and bound currents (continued)
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Ampeére's Law revisited

With bound currents we can do to Ampére's Law about what
we did to Gauss's Law befars:

fn _ 4m 45 -
VBT == (Joee + Fy = =T ¥ 2 M

. 4m
Tx(B—dxMi=—T]:
Ly

= VxH=2], , HEB-&M (4 D=E+4F)
=1

1
Or,inMES, VxH=]; ., HE—E-M
' [
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Linear magnetic media

Ag before, when the defirdtion of I led to that of the electric
suscaphibility 7. and the dislsctric canstant £ we can dafimes

M Thet womnld e too scmiklc

Mey H
In these tarms.

EmH+dzM=H{l+4sy |SuH  (cf D=zE)
or, in MES,
Bmpy  H+Mlmp(ley, JHEpH .

o ic called the relative .I]:l'l.l.l:l'j' Cantrary to £ xis the
same inexs and MECT, m &mm:n:lmﬂen: is
not.
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