
 
Last time
Magnetic vectorpotential

B Tx wherea magneticvectorpotential
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the solutions to this equations
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For a magneticdipole
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Diamagnets paramagnets and fervomagnets

Paramagnets Materialsthatacquiremagnetization parallel to
the externally applied B Materials areattracted towards
theregionsof stronger field

Diamagnets Materials thatacquire magnetizationoppositetothe
external fied B Relativelyweakeffect Materialsonemildly
repelledbythe externalB

Ferromagnets Magnetization is determinedby thehistory They
have a magnetization retain it independently oftheexternalB



it B Themagnitude oftheforces on the
tilted sides oftheloop
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we can write thetaque
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This equation has the same form for the electricalanalogue

I I E where p is the ele thedipole

This torque is in a direction thatalignsthedipole parallelto the external field This isthe microscopic originofparamagnetism
Weconsiderevery é in the material as aspinningsphere of changethat contributes tothe magneticdipole
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13 we saw that the net forceon acumentloop is
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This will no longer be true for El uniform B

E gene

Downward forceon loop due to
the vadime.mgIEctso



in general for a loopwith dipole moment in in a field B
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Origin of diamagnetism
The effect B on atomic orbits

ré for a circular orbit
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What is the magneticdipolemoment thatcorrespondstothiscurrent
m Iq
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In terms of the orbital angular momentum

L Mev R where me isthe mass of é

m Emet where k istheorbitalangularmomentum

In the absence of an externalB theelectronorbit has acentripetal
acceleration v2 R dueto electrical forcesalone
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Once we have an external B the é will experience on aforce
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To determine the change inmagmoment weneedthechange
in speed due B D v V Vo
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with this we calculatethecharge in magneticdipole moment
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Magnetization

The presence of an external field B inducesalignmentofdipoles
that give rise tomagneticpolarization

paramagnetism é spinsgiveuse todipolemomentsin
the directionof B

diamagnetism orbiting give rise todipolemoments in
theoppositedirection of B

Renomagnets permanentmagnetization rentecass
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1 mi where V isthevolume



The field of amagnetizedmaterial
We have apiece ofmagnetizedmaterial we themagneticdipole
moment unit volume

What is the field produced by the material

For a single magneticdipoleme Themagneticvectorpotential
is

v1 1
Let's consider thefollowingpieceofmagnetizedmaterial
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a dipole moment M It
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we obtainthe totalvector
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as in the electrical case we will rewrite this using T I I
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And using thedivergencetheorem to swap the1ˢ vtolume for a
surfaceone
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Efforts Triathlon
we can rewrite the expression for as
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where

Is Mxñ boundsurface current

Is VX A bound volume current

These are theanalogues of the bound volumeand
surfacecharge

Ps V I
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The vector potential of amagnetizedoofect isthesame asthe one

producedby a volumecurrentdensity e surface currentdensity
As in thecase fordielectrics all problems can besolvedbyfinding
these bound currents andcalculating thefieldsgeneratedbythem
Physical interpretation ofthe boundcurrents

Let's consider a slabof uniformly magnetizedmaterial

I we imaginethemarenalfull of tiny loops
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that each produce adiodemoment
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so we willgetsomeeffective came nt
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what is the currentin termsof 1

Let'sassume eachloop
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In termsof thecirculating current thedipolemoment is

m I a

Settingthe expressions for m equal to eachother
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dfkb.IEMxñ because 1 ñ there is no
current ontop or bottom

of slab since profygles

Whathappens if A is notuniffy
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considering a non uniform current in the Z axis would
contribute
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In generalconsideringboth
contributions
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In generally

Is Tx 1
NonuniformMgresnse to
a boundvolume current

Example Findthemagnetic field ofa uniformlymagnetizedsphere
we choose a coordsystemwherethe z
axis is alignedwiththemagnetization 1
Thegoal is to find the boundcurrents
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All we haveleft to do is calculateKs Mxñ



Wechose 11 to k so
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In our case ñ is a radial vector so ñ r Weneedto compute
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we'llchoose to write cosor sinoo
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we consider a spreewith a uniformsurfacecharge 0 rotating
w angular vel W
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