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Maaout Relds in motter:
We foud empricaly that some matecials (63. bismudh)
move. foward Loecker jﬁeld — these are Called Y he

ond some materials (eq. MnSOs) move Towards shory Relo
> these are called Pomma%ho

Gw\s@rfbda:

xqualtative uMlerstarding of - diemognetism, paramagnehism
&cluanﬁ’raﬁva ﬁaj to Cchteulote, BedS in magnehe aterials

* the s0ga the STM V. the TEM, Yorhnued...

Rllmvmﬂnd's-. analogous T polar materiols

have. “Unpaiced elecion =pins That act like magnefic Aipoles
appled netc Bl mtates theee dipoles
bt not complete tohon ble of Henal erergy
> f= M5
KeT
where 15 built=in, micrsopc ymoment
ond N is # R s pe~ volume

D}m\a%r\dy aﬂaloﬁm t non-polar matenals
nohe Redd induces a maﬁncﬁc, dfloo!e, A
(the ePPecr s ven weak, bur it present in ALL materals,
unhlee paramacnehism which is present onb n rareals
with wnpaiced soins).
Lens low © Wil cover 1n next chapter
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- induced d')polf/ m s opposifé applied é '
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Nore.: d(&maﬁﬂ@hb ePlcr (5 Qlutys present \
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Amperes law
Sp\d‘ the tor) curcent ) info Je + 3
o Bree 7 N the bound curcent,

curent, we resuthing fom hzation,
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d@@ne,:H
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Example: (Nofe: #his wasn't ¢ wel-chesen example, ond It wasnt wel
done. m Closs ... hew ts af last ro-done correcily..)

(@) Inbnitel 31)/\0!@( corcies unborm nehzahon Py
ool Tb s 2 gnd 2 even veryhere

Soluhon: no menhen of JE S0 asgmno Je=o0 = V>< =O

/—\léo note ot 0.7 = v( B M>——Q

S0 V H=0 lﬂsude, Wrere. 9 rs Constont, and outside., Lhere F=0 .

Trside & cutside.: va =0 and D H=0 = FA-0
Chut about on Hee bound 7

6@%9 rM§+f/M¢+fH =0 D H-0 onboundarjﬁ;o

Tngide: B= u, (H +ﬁ)—/u
Outside: B =/uoCH> )= O

() (hat doout” on inBairel «6 re,cTO/\ﬁulof prism?
Soluhon: some. loﬁxc shl

Check thar T F- QM" %34»‘2—%0 on‘oou%hareﬁ)o

> Trside: B- /uM Oumda B=0
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Solution = Shll ave V# insidle, outside, and ‘HAe, 5!_@&5
Bur o0 the ends, we have V- T - M= /22 —>0w 2 H+0

There are o u%e; or bound curcents on the _ends (- /Ulm o

pecouse. M Il A on the ends), 50 we have B Conhnuous acnes |

the end bourdaries, Therefre HL o) - Alin = Mucin- Moo = S
A s contnuous acmss e side oundaries.

Linear Media
For most supstonces (peramagyenc L demageenc),
Mgn&‘hwhoﬁ develops I hnedr prbporhon T the Qeld
wed have gome heod o.che af)am
2> M >SE>M .
Bur the B nomtion dlows us o ghot circut this erdless logp
to Bnd the selP-condisrent final @.
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= I@’,uﬁ whare Az o (14%n) = ‘ozrmwubil{!-j
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Vdeuum [ h&drz:ﬁeﬁ -2.2x107°
Mium | CoOOLS Lates -gxj07°
l.coozs Copper ~47-)07°

ar (dg) .0ooSY @o\d -2 Yx [0S
toarte Wgpor (100 .oOS3F Stuth -Lexio™
benzene 273 kg (ops) (9% D¢
diownond SF o 4.5x 107
ol 59 oluminum 21%j0%
silicon (.3 tungsten 2.3% /0%
metinano) 3> o num 2.9%)671
Later 0.1 Ji quio o (-zo50) 23 .ax0™
ice. (-3>°C) aq dohmum 4.9%)0
K1aNb0s (0 24, 000 “Mu metal” ~ 100, 000

0.”08 7‘50/0 Ml
15% Fe, some Cu, Mo

Cenclude: magpefion o fypicaly much weaker that electrical polarizafion




Flectic Qdds in matter

Magnetc Relds in matre—

(= Cl/\or3€/= "./V\Mopole, Moment " @ B "Maang/ﬁ(, mor\o,oole,“ -DOZs NoT EXIST, as B as e kenoto
> pofential ¢ falls ofF like Y
> {d B fls off ke Yt

5 = “olipole. poment " = relafive displacement of pesitive. L r\eﬁaﬁ% dﬂafﬁz;ﬁ ™ = “dipole moment" = size 4 6‘“‘(’/\5%\ of crvent lego
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b= "polarization” = digole. moment per uait volume
(6,3. Np where N=# F molecules/cm?®
crd "5: Aipole. moment of 5:'/§le molcutz)

> Vechr pofentiol A Rls 42 like Ve
> Rid B Gls & ke Y3

K = "/V\aﬁne,ﬁLaHm" = dipole, monment wnit volume
(e.g. Nin cohere N=#E & molecules [cm®
cnd M = O';;oo/é, moment of :Sflglé nokcuiz)
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. . I
P] d;uz is equivalent to: i ; -T 5 is equivalent to:
= ] dz  da p—
I -
Ilg= —Pd, = = - - 1 = =2 =
8L “ Ptz = VP T =iz g Joound = VM
~Charge because a bit of magnetized matter,
because a bit of polarized matter, volume e Pda volume da- dz, has dipole moment ‘ [fjl_‘
da-dz, has di[}uh' moment wiu:d to that of: | i 1z equal to that of: :._-—:",“Currcnt
? \—Charﬁ.c Mdz
:'\ ‘Sll]fl”r‘l:{%‘ Ptihll" —Pda y A uniformly magnetized block can
: I:E:tli";“‘i(.(;iiu)e be divided into such layers. Hence
&) such rods. Hence tlwhhw;\tll}\, tllm S
the block has the ot iy mel
. same external field [y ﬁ"ﬂ s Ehe “.},1{,
as two sheets of surface charge with [ ribbon of surface
Gg=F, current with § = M. s
, [More generally, for nonuniform magnetization,
[More generally, for nonuniform polarization, polarized magnetized matter is equivalent to a current distribution
matter is equivalent to a charge distribution p= — div P] J= cul M]
=3 = . -
<E> = avevge B nside  moter jal = exactly what ﬁu would <B> = QVesoge @ inside. moferial = exactly what wu would
c8lculote o Hhis Simple. ma. pic Aistribuhion Coleulate fom this simple. Mo, pic current  loop

r)iduml ;Sf\offf\ﬁ the. Maﬁj\y Micrvscopics

pidufe} ;E)f\offf\ﬁ the mﬁjﬁ Microscopics




X = “poiar}wb}l ;ty “ = fondency of o non- polar mole e o ac,cf/u[re a

dipole. moman’réin on oplied E-Rld,
defired by p= oF
1Hpicallj XY~ 0} where a= dlimersion AP mokecule

e = " dielectric Suscephbiliby = +@ndm/;2 o o macrecepic moderiol
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in the presence of on opplied E
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Non-par~ : molecues hawe no spontarcous dipok moment,
but~ applied E-Reld moves negetive dnrjq, Cleud

- molecule alwoys acquires P in the some direchion as [y
- relatively wedle effoct

© exibih - ALL mokcules (molecules that are, polar o
begin Wit st bave their diple. womeat sivfted slightly)
olas . mdecules each have a a[pole; monvent even e §=o)
but ﬂ/\@j are Al fwwfj oriented Cca/\cd}f:?) due. fo
Phermal Oﬁﬁaﬁm
‘ E’&Id opplies TVQU(’/ fo eoch dipsle ~
- dipdes Jepd o onent with p in the gpme diechion as E
- Tremal agitafon prevents al’ Komn comp!efelij algn{fﬁ
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A
" relafiely sheng Mecr

ot both s of arericls acpie. P parclel o €

! Magne,ﬁmlo{ ln}y "y lefrer exsts o epresent

Koz " W\aﬁf\aﬁc/ 5uscg,pﬁb}mtj “ = dendency of a Mmacrecepic ode o)
T atquire o Mlovscopic eheahion M
in the presence oQ)On Oppled Rlg H
defned by F= 7

2 kinds Ff rateials -

dw%n@m  al dectvon spins are paired N,
no 5p:'q5

enbre. macnenc moment comes  om ‘orbial” & mshion
erahve,lﬂ Coeoker eFacr

orlottal e motin ohanﬁas n aﬂoh’ad B e B (en2 law

N oy >
Din = j’ﬂ\: DB

/Cnofc the. neqative. sign ! .
D is oppestte e direction oF OB

povagrefic : Some. Unpaied, e elecion spins
each gpin cosries 5 oL SPONMBNEOUS
dipde. movent he/2me | exen when =0

bt they ore al ardoml, orieed (carcelina) due, o
’ﬂ’\é:;z\ol Oﬁf’f ahon J :ﬁ

. @"&ld applies Torgue g each dipole. R
- dipdes depd o orent w’Hnm in the ome drechon as®
- ﬂw;zal—a@,ﬂ\}z::im prevents all fyn compk)ﬁ%lj algnf:vﬂ

P kT
-@adwab shong s

Note: 4l materials &cq/uif& o avall Mﬁ—wﬂfalf&l To é, Lom
the diomagnene dect

Some_ moderials actiuira on addihonal, stvonges v pasdlel to 3
the poamogrehe, eect, which fall dvws aut e
toeok. diaw\agr% Mook




€= 'diclectvic constent" - property of a material such  Huat
O P matesial & stucke behocen copacitor plates, the charge,
on the plotes s increased fonn VaCULm W(ue Qe fo GO/Q
® moe generally, electric felds prduced fﬁ dnaf@ém the.
modéeial ot ceduced bﬁ aﬂ@aw ¢ it respect o vacwm
For a lincar maferial) 2 Co(Xetl)

D dlspace_v\%/ﬂ’ current! = €, r*D
P o linear material, ths reduces B

GE+ S0E < S(HX)E = £ E

D s a conwenient defnition tHaf allows us ™
smen@ Maxwoel's laws in nafer.

You con sort Thmk £ D as He “fld produced
o Koo ok buv" S not a peff@d- analogj
because, P

Note : 5 ot a uy usc& cmcqar because usually in the
!ab we, do ochal = directly  because w2 can
eosil volmg@ with laafferies br power supplies.

j (/oﬂf\fvbl vV, Hen I: %”0(;05 d\/zv,d:j Fom V\/
@30:’0”@,55 o hat moterial is therw,

T's not achually <o easy to contol Hhe free chage in
the faboraﬁﬁ (onb in_our theoretical classmom minds).

Gousss  lows §-E=‘ap - K—;.)szﬁm

Ener%/work: 0= %\YELC,U - W= j;;ff—‘_-rS aT

= “magnebic permebils perty of o mafericl such that the
Oﬁ Cfaeel’lg/‘ff'a] Nyﬂg\@‘hﬁ R@l @ dlgoefs o e app)@d
mogrehe. Ratd” A B=uH. Also, m=ue(1+%m)
This Onlfj mokes, Sense lineor moterials.

—

S

i_u__s
l= 0 b M

For o linear patesial, ths  ceduces o
He LB-2%H 2 B2 ullra) A= v
FJ 15 o Convenient defirtion ok alows ws
fo 9tmpli6 Morcells laws n modfer

@\.

You con sot ff Hhink of B oas e “Reld produced
te Kee cu currents” bt 15 ook o perfect amalo&%
because, V-HE0.

Note: H is o much more usekll than D becouse  usuo
the b e do adua(ﬁ cordm] H dzrzc,Hj b cose ux;\—g
ﬁ ond contol the! free currents,

Tts this pmohcaJ du?@feﬂca Cﬂ% ease. F contllin j E di@ci!j

but enly contrilling @ indirect! via H) that leadsts the
Ouﬂr\ol‘r? as&mifﬁ in the defrahons :
P go %el_ }j\_/'(mﬁ
D=<.E +P A=L&-H
Zj: £o£[+x(’/) AA:/AO_(;“-%M)
D=¢E 5= puH
Ampecels . VxB= T P OH= Tew

Eﬂ@rﬁ\j/wofkt U:gf/aoy@lat > W=LB-hdr




STM vs TEM 5450., Conhnued . ..
TIF Hou want fo gt cd of on wnwanted eleckric Reld

that's Wlbssff\ﬁ up “pur expesiment, how do Yea do it?
Arswer: screen T with 4. conduchng ghield
A per?a;’r conductr 1In DO mit- has £ =00 N

In other words 1F con "polorize Inﬁ’niwﬂ el B screen E.

Bur thee's o magehc analog 1o a perfect  conductor
(unless You  Consides superconductory ab ey Jow T,
In faor, Yfee ae vy fow W@n&ﬁc marerals with
Km even oppoaching “values il e of typical diddectrics.
Maﬁneﬁsm i materials s weak in compdrison.

(est er: mateial called  “Mu metfal’
(becovse W hos o e{u/,u, ~ [0%)
~35% Ni, 15% Fe, some Copper mo?tjbde/\um

Poblem: hod o work. with, exprsive. A
fust be heat -treoted  (annedled 10 He o I/wﬁh T)
n oo Brd shape o lees it Wﬁ\n A

Let's consider ™y aT solensd Magner” o ke a 51}\4,0)(; dipole
m= U702 Armz) locared &t the Ofi’ﬂm
(05 we computed, last Closs)

Now consider  Surrounding  this with o splnaf}m\ shell of
pmet) of some thidkness b, af radus Re=I10m.

® Qualitfively,  what Foppens?
Withour u-medol — present,

Wi u-mefal present:
rehun Bl lines Concentrated in el

® Ode of maﬁm}uo\@, how Thick should u-meta) be
to reduce Ve cquotorial Beld ot 10 m Bom 3.5 mr

(e calculoted lost Hme) To O] mG (TEM %5)7.

Bo,Ho

\COHS]dU the Belds on e “@C&UOTDF" B r st < IOm
U)&#’ at the @d@e of the air of the oom, e U= )
and \juf# S om Qus’r wlthin the u-meta) ghield).

Assume. 1o 1% oder fhat & ient much perterbed wifhin
the om tself
5 Bi- 35 e = wH;,
Ouf wthin the  p-metal, we hove B, = ufl,
And we Jave o boundory condlifion Hiv=H.  because
thee's no Kee curent of” the boundeny, so an
Amperian 1oop s}mddlmﬁ the [Oour\darj MUSH lole, §Q Al =0




= — - | = -
2 = 0" n® B )= AR = (08 (2

G e u B = i B ) A G, = 107 (35 mG)
Flux lhnes can never end (no magn&ic monopoles)

(rthout the pemedal, the fofol fux that needs  retuen
ouside R, -

(o) T .
E_Eﬁ S&O\O\ = 5dr§rdc}>[}= erdf (5‘“%%’; = 2T &R,

With umetal, we need the zame amount of tolal fux retumn
bu- now we have the much er [Bo = 105 Bin
0 e need much less areq B 1 o retuen Hnrouﬁh.

b f)o({os = z K"
@Zw QTTQ) rdr o 2T, Ro (" 72_>

Set @i - @7—

2T ipRo™ = 2T B,k (- 52
&n—&,(k ”2°>
%’, ~ (-0
Ro([+ 107°) = R

> e R-Ro= 10°R, = 107 (1om) = O, [ mm
® How much does His cost ($20/G7)
UT(1om)* = 13,521 F* = $270,000

Doesnt include Shippi ping, nstallcdion, 5|n]pp}nj back f3r
re-annealing re- sh\p g re -install ing -

Also, use.s on o\;er ideglized Mod&

I d‘ r@a\ ﬂ:\j@ml S Non- lnear and & o3
for  smal an\s




