
Lecture 11 Magnetic fields in matter Ch 6

Magneticdipdemodelfmatter Cheuristii

Atoms or molecules of matter can be

approximated as point dipoles in

With no applied B field some't
materials atoms have no dipole
moment but most have permanent

dipole moments
mostly in atoms with even numbers ofelectrons

Can think of dipole moments as

due to electrons orbiting nuclei
so something like a small cement

loop or due to electron spin
Both really need quantum mechanics
to understand

Diamagnetism

Material has atomic wi o when



5 0 Applied Bto induces
Mr L B pointing opposite to B

Griffiths gives classical model of this
effect due to change in electron

orbit in presence of B

Paramagnetism

Material has atoms with permanent
dipoles wi 0
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or random

Force on a dipole in applied
F Gi F B force
A in x 5 torque
Recall elee dipoles F If FIE I pxÉ
See Griffiths see 6.1
I tends to rotate in to be parallel
to B
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So tend to develop net in Lt B

aligning with applied It

Paramagnetism tends to be much

stronger than diamagnetism

Famagnetism

Material has permanent dipoles and

they do not cancel on average
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Many ferromagnetic solids look

paramagnetic at large scales
because ferromagnetic domains
are randomly mis aligned



II
arenas

Apply B has paramagnetic response
as in's tend to align For strong
enough B can move merge domains
so mostly aligned Then when
turn off 5 remain ferromagnet

no

j ÉÉ Barnlind

Hysteresis history dependence

Reason permanent magnets ferromagnetism

occurs is that it is energetically
favorable for neighboring dipoles to

align
a Elt w

The reason is essentially quantum
mechanical



There are situations in whish the
reverse is true and dipoles tend to
anti align T.lt iFd.F1ftf
Then Lin 0 if 75 0 looks paramagnetic
This is anti ferromagnetism

At high temperatures thermal motion
tends to randomize dipoles overcoming
ferromagnetic alignment
his phase transition
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Lamda

Conicutrate on diamagnets a paramagnets

with small applied 8 fields

Then expect linear response
wi L B



just as with dielentrics

Define M I tittune Magnetization

Recall ATT LE MII fr dipole
Average offer many dipoles

Ace II de MKII
just as fr Veil in dielectrics
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At surface ofmaterial where It goes to 0
discontinuously develop a bound surface

cement
F Txt



Parallel
to dielectric polarization F
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Say we have some magnetic material
and we specify some steady free
cements JI Then total cement
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and Ampere law
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Boundary conditions
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Linear isotropic homogeneous media

T Xm I magneton susceptibility
iontant

7m20 Diamagnet
Xm O F Paramagnet

B MI wi m Molitxm
permeability

Compare to electrostatics in insulators
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Conducts

Recall in electrostatics in conductors
É f o in interior U constant

É 0 laundry
toolbar ÉEton r Iboundary

Y continuous but 31 E
T induced surface change on baby

But can also heave steady currents

in conductors giving sources for
Magneto static fields

Currents are response of conduction
changes electrons to applied É field
inside conductor

I



If can add subtract induction changes

at ends of wire so as to keep
U Ve constant e.g use a battery

then keep steady E 0 inside
metal This É accelerates conduction

electrons forming current

In conductors there are frictional
forces on the condition electrons e.g

scattering off impurities which

slows them down dissipating their

energy as heat A given
É then accelerates e's to a

steady velocity I at which the

frictional force counterbalances eÉ
Then get a steady come at Ifet

Constitutive relation I ICE

In linear small enough applied É
homogeneous isotropic conductor have



DRE a constant
conductivity

Ohm's law

riff's charge

if inductormoves w steady velocity I in B field
then 5 018 8 5

Apply to wire
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voltagedifference

resistance

Conductivities can vary GET tf
insulator superconductor

Conductors can be diamagnetic ez Ag

paramagnetic es All ou ferromagnetic leg Fel



Superconductor

on a limit of a conductor

No friction applied Eto in conductor accelerates

charges without limit É 21 so no Ohm's law

Whatabout magnetic response of superiordoctors

They still satisfy F 5 0 Tx p I astatic

and can have a steady static if É o inside

London equs inside superioudrator
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X length 7 L donpentrationdpth

Typitally 50mm EXE 500hm atom no Inm
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Then 5 0 Faraday'slay xÉ 3É
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O not B

Then E consistent

Only honest derivation is from quantum
mechanics

ii i
o Tx xB t B
F t.fi p p t B
8

B5W
Solution to is B z Bo eV

I
o Ix B Bat

superconductor B 2 0 Bo

Then D 5 352 33 21 Bez I I
5 EE e

i B'la t Bla



gen soli Biz a et Be
7 7

Determine a ply boundary conditions
z x BH 0 so 7 0

Bca Boe V
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This implies B field 0 exponentiallyfast
inside super iondoctor Meissner effect
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sa current restricted to within London

penetration depth of surface of superconductor

Superconductors expel magin fields
magnetic levitation
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Steady currents w o applied É electromagnets

without energy loss heating


