2\, Local momentls and M/'CfDJco,o/c moAels

Z lv\arto(,{cd-g Jor -FMJNO«M MOLJMHSM, o inswlafors

S(A[l) : S(cc:o.l U Forr group
K| 1. -S-[.),,'“/ o d fU(Z) unibaey| 251 M;L | dz{_ =4

S}o i | = | owderael| lad /‘t(ﬁf momentune  of ?,‘tQa,ﬂt‘q/ )oer'/v'cw

Angula o menSur QAlyebra . )
Ka— r.fu(h:)Milac.L\ a '[‘So, k] = h L2HI M o fe[

aliadle  with ks and  half- ickger S,
| A
(Ef;e,nl/qlu,ci » o.(, f.z } —'J; S " ZS must  be iv\-l-eaer L
' A S0 % Y e tJ(m))

eci iqll; S= 1/2 (Q \[undquahl NeprUndakos of Ju(z))

= = t‘/z S slake, 1) 1) Witk <Y = LU= <TID=0

A A
S, = ‘.: (14rer + |ty ) AT aEIbh
§ = L2 (LK =10 ) SRAY S
A i 4
I I 1.; (1yetl = 1<) SZIJ.>= *‘i lI>
A /f“ " & v
AT = 4 (1) = e
? ¥ T y - o =< & L = VQuLt 5‘,01'1‘
<¢ ‘ I7'4> s 2 (C 3) e & 3 2'\, bt cts
. 4 il
'(II 5y lI) s (o ,) -+ E‘gt
[Zo e ] - 2 ke e
gc " = L E‘L-"c T 1+ J:L 1



R odatou operador i i Jp_ace

A (% “‘.g' A ;/& ¢'E
D3 ,Ti__@,,._/fl i__-_ (anatogous 1o Dy = € )
] - = i 3
Sy e T s et fom s
1 l/k 3 1 = 1 U - - - 1 1 g7 4 =il 3 1 3 I
<.|/’e 7 I1> <&{1+/ (fO’ 20 gt { 3 Z’q (&
bl
Csv.r‘{ 4 o th‘g ki ‘("’ LA
(I SN AR g 0 A
Sin 1V 05 Y=t L sin 7
¢ T z
ity §.3
FEADNARERIEY
ll»(; her Jea'm

flou‘-. S £ (2:-1-1) - divtupioad  reprosce datae  2f Ju(2)

€3, | S=n | 1> J-olin  rep.

A i A ( o 1o
= 1 0 4

ry '{? (o] 1 »°
A A o—1-—o
4 1. ; -1
N 1 2 -
j:é = t ( ) (+4 L
ol & I

g@ﬂﬂw““"“ Ju(2) =  JU(N)
N ..f‘avorji (rashead o‘[ T‘J)

ﬁmudcn SWW with m‘m't'l'..'N ( faskead o/ J’(IJAYI.I")

Alsgied | [ 15T TEM T =14

I
| ] .. cr

AP

l.J.
Wsedul  for  oliffetnd oty of  petdom  (Gpin R oorbital )

,fgc novel Qpew);} neNOuS (&'U (v) wih N 0) i in cold MOMJ‘, o

mlu.'



2. 2. Eleckons ia  soliols

Elocko s wwposec ol (oo Colie)

A Py : 9 - ~ e_t’
H = 2 5~ = A = S i = _
2w (P % ) J/“B /‘0 lwmc
M d(a,wlv\’c. erpoun 9‘ P‘u electronn ¢
bk el g s Wvie” e
(Yeeatt @ Bréihat i'—f«ac(o( Lesas 4w C‘-F,_." 12w? met
v La~dac ‘Lv@(ﬂ) R

FC”/MI. MOMCA.“'\W\'

1

p gy = —L

° ?G.u.(,{ Para MA}.\_‘,‘.‘.SU\ 2/ _
Pﬁ'-(l

I Uyt me?
Tetm! @W‘,}
Ny e 4
/YLA-.-(-. - ) yfg,“‘.
A 1
o= B eue) (+ B- feid domns )
N Uey = U (EH8Y) lotben. veekor
. !
~ . _ i k- f . 2 “w . (.; (- R..
\rmi(f) = < Wi (*) ol e (F) = w2 (F¢ ..)
Blockhk theotten E € 1 Bi-} m baad Wlex
Hoyor = Cal@Yue o domatty £, = g, (D45
r
reCiprocal (NN
Vechr
e
Wawnier 8 dake L) 1T oy L(#-R) = L7 ey s
¢M‘R" N Letw " N e tud

((ocd-\'v.d ol ﬁ..)

in 9faLL
Blook Ql(’,bk(’&s o(i)(b(ﬁy Laada. oua\\u\l -K Pawls ()dfq...\)l IJKJ GLQ"““* 13 ’Xp‘ i =



}

aArm'e (o ()ou/l-':;,&(y f"av‘ I1er slkell, (Iec Jec 2.4)

ah of wiH. .}lvp—.] Coc (pa. & cidere Chpn (Kc J<e Z'f)

Exawply ar kansithow metats (34 i My, Fe , Co W)
Copecially v Okide Ll nio,@,o0,.)

roc gardly (?.f: Gd, Eu, Dj sitia )
achkaide, (g-f U, Np. /1-.4, s )

-

Their miain mqan,(,l-.‘r; L 2usk Comey prom Zeenan ferw, ——j/u.r-h,

[[  irackb,  Athien  wfuasnts  caa g utptecks

their Suscep .l—.'sfu,c] /’o//ou.: a Cune Lau

oM % S‘f"‘")
= e = N
}/ (9/{ % J/“" 3“7-




2.3 1By chanze (wteraction

Mqa,lu,HJM in  Solidy = OfO(tn'ﬂ:] D.[ }fl'n m Onen ) ol ut
to  GAeachows

Dipslar inferockon i1 weak (g 1K)

Domingalt "»-*UGGHM Comw Oue Com S ahbn o.{
- eleckon lLiehc erJ (kpf,:\‘\)) )
~ | Pdualls Pﬂ'ﬂc{[(& Ve QKCL\Q\n?,( L ferachy
- Coulom $ I(/Kl”.’k

9 0((##!‘0»‘ (m\—g of e)(C‘-\Qh),( L‘~LUAOA'\DW .
hWow — ol protlew o‘[ }k‘v\}uh ch,me/'rj, hQ kn'Ql’O((lﬂLuM

HO,\‘ "“-\(Dor‘\qa\/‘ _— d('l‘eC" (3 Cf(qﬂhzé_ C J‘J{-’lcqllj Tée_rro,\qg(‘_p{"o)
~ .(q‘{lde,xc(,q-.-’,,e_ (‘LJ()"C‘“y Q,‘,L'lkﬂ,ot”«}%,c)

fi-..‘.)lul- ‘eorn- o[ exclaqye s dockon Cs f: . g-’ {Iocl} -
o 1R e
Qan (S0 knr;w' un)e Ppw eﬂlc}t‘ o‘[ _r:\. -orbit Cospu:] !

. Direct exclasge

T'QlCVQ-vJ ‘\9" CICCL’O-\) l\@ _Q_LM’ ao.‘“ A 69‘ fﬁ:d\‘g‘(l
O vts IAEQ!EJ- oréite ls

Th o 1o reduce Coylowm} ¢,

r€pu i dou ey eleclkvany wend

+ aveid eech  oMer. Tha iy . ?
bt done With  Qutibymme e

rrql'J()ccc tue ~pach e wove (—mchym‘ whick |
. ey o SJ mme e s(;c\» stake,

ﬁacm :‘oi-. a&l.'}.1 ot

Formally ;  Coulowd inkuochon in 2.4 guanbrahkon
J i

Vo= [y GE) T 6 GG )

ss'



Z
EXPM LT a orsital fayiy Ys’f (;) F Z' qd* C.'-:

>
Qud 5""'\\} M .[Ora.

' F t
vV = 2: u-fu" LYY Ls 2 ufi "yp ";L r+ Z j Clk G, ©€
e ¥ 7 ¢
/

-+
n'. = "lf -+ H"‘ ) ”‘:’ = C‘.J CI:’

Ex‘;e[cf I-clj -. L '7 |
== * :
S(, i Z— <is o;:r Ctg/
o5
U..

it = 3 [dhedy vag) le@l g
1P (b a6 G e Q) e o (@

One cau prove  Huat JF 20 (v fjxowayatic)
'cor JLI.OI'J‘" mﬂa,c ' 'kf“c/"'bnl ( y = J‘(;’y, - OLVl'ﬂkJ ) q~,'{

{9( Cou low $ yn frachve s (ch A%Uéﬂc‘\ Sool )

Dirccd exchange is  relevand for  Hud's nule:

E/Cc brong aCCupJ ol L/daly In open Jlells o 5  wax) miZe J‘*m‘_

@ &per QXOLAq},g

—~—

relevast  for | @leewieny M| n0nT 9CHO90ra] | §h  fpakially
frpoacaled|  oriifdn

In order 40 reduge (ic g0in ) ¢, 4)1.
Wine ki Wj . eleeheony wasd
to  hop bebocee  oriitels . Due
to Pauli poncph , tais
N.‘M}rco an wiparallel 2(3.\‘.; I

L‘ oxw{@,rro 5{:,\4 o\(I}uMewé-

FO(~¢1(\7 | “\.') Can be (#I’C('Lh ‘17 Cq(ckw uh’«}

e
Lecond = or A (;uh«.d%'o‘ \‘Lhy " el hon A,O()ﬂ li
Aehitew orblkb 1 a.d Z



Cougsider -

o + + . .
His |+t Z,; (eif ey ¢ ey <ug) ihig ~prditsl | bouphs
H vo= u Z Mg "‘.‘ ioke ~orsik | Co‘\ lom §

!
A drailes t << | (small ovslap of orsihts ) .

Unpechorted  shde 5 growsd ghic of MY i Hfold dejtiumte  pec
{0] - [.5‘1 5, > (,r_-u/

A c o o[ Ht: fongi hous DYLIN of [Oj

feco-.,l "or.&, bﬂ(f/“'\'( {*QMI'LLON Mt “f,” b

a tiu Lyt
<al kg Ib) = = ol [u) <n| WL
Mf—{'of <nl HYIud

t inlecapoliade  shitc wid, two  eeclrons
(v\’rk‘.t olouble °C¢K[)A.1¢.J)

a € {of

l

h soame orsidsl
t Ht

H

Eg.| | At = |10y | ==1 1 4. 1%
Collect  all conbnls bea,;
R - Py tz
U 1= LIS F S - 4 IaUIEEE R




2"1 MQ‘]KCI—[C (ons o Jqu(,S (‘bricf,
Y

See Youda Lool
(Df D(&‘tl'(/} )

o[wF
Small  Ovelap Vi heen it lor e Nl loctaud  stale,

@ pc\(quh] F-‘“Cd sulln 7~ MoH M sedaA st ~J/ Conlonb

Cow sides 139 (afeol :‘0«4 4o waderstbad rl(teaant [evel Shnvctur ,

i c'v}/dw(- '

1
Re catd ltaa(,la}l.u aAoar E“= - 2::1_ ¢

De Yara ity )(, Lit L] LS Co«.‘(,,c‘\:} A Coulo~ f e racdy u/ My edechowr.

RQMQI‘AIM] (’\‘C} JW [‘q,, A .(ZC 12 1)\( 2. JI‘V‘(’; !

¥
&3{”‘.

Sihn e elur P! oAMe — e 4] Crﬁ/)b‘u«\g Aeclae ﬁ‘ll'(
[4

(c(uuo;tw;pom‘.x of surpusdiy oy TV -lqu.o(»r 0x

Q.ﬂ. d)l‘-7\- % Oad .l;j X cea I{'C"" !

fleralyy of Cpiy

Exkue\m

eJ e ‘i‘—l‘, A,t“’\ "C O‘x!.\,L —
0{ - (EMHQ(,HQ 529 Ugu cl
4o = dy, dqy 4 °‘: e
L’ ’. )t X ‘{___‘ dyy _C A‘M On d.‘/l\(.L"
oll,y,..trado, de NOT)
culic +(,kq’,.\q| ortherkonsrc
Cuapeaten 347 AN A ke v Ay

-Yl-

No.‘-o((,y.‘,uvu. CEF <Jl"\~d() s <0[|-_‘[05 =0 Yy r«k:r)(
Y}

( Accanc CEF  Hanilboeicn o sl L & A 15.\14'] ) any .

uoun‘h/““'*



ZS‘ LOCQ[' momcm(_ fOFMkA'Om aud J‘/[u/ tterachous

Local moment )CO/)«, [y a  tnls af Cou (sar s  iIrrachOa,

Cows oltr MHasbard wodel

/+ = - Z @4; CJ" + L.c. ) + U Z Kip iy
cq ? ‘
ot half pu.uq, ((on awaye o0me  eleckon per ik, Kugd = 1),
U >> ¢ donbly  occupro ks A catly
at <npy =1 Hhe  low~ tuergy  sector ) gives KJ n=A1,

( ail  siks ‘NLJ:) "Ccuﬂh)‘)
CLAF)L f(m-_hu hea qupf(/ncd | he eleclo. J(g-.,f,./(.

JEE

Mi‘ﬁ‘- hfa louds (uih Loc kL J(::L —’Lt mone b On n'k,,)

he1 owim m»u'/'d/( D‘Z ZN JZIL sbe (A/:" Hom lr 0f 147(4}‘
Thow  are  olegmese  Joo  t/U —0 bk oleye. vacyg b Lt
‘9 vir hal ho fp/L} . E//(ch\rt Haew, (40a/c L\) ’f{co-,-( ~ oreer

pulxrh Ao M\urj & ,ro/'u«ka.. fwlo lﬂu“MJ; Subspace (;u 2.3)_

ﬂ(o«u: - - L tz
I+ = J Z( (fc"‘f;— %’) , J‘L[‘a 2?0
¢
“f?AJCh lﬁ’) oy dtf 3":3 é 'Z;Cn::- ;nr'c'

TR

5( wa hurto 0 Lical —wmoment prahlLg

| . 5 N : : <

° MQJ%I—\C Ju;c&(pkilc. +] Cure - like | '}/ - T
for ] %< Tig K

. Sin‘y(»‘ —qu/lq'(,a specke sbo v Hussard  Saad s (7 Cioeture )



Se.'-\ Q‘\{sokae(u_) (bnhn&J of fur) spn ’a“““c—l'fj/

devia hoas  froa He. yea _u_,J )
Qﬁ‘SC &9‘\ JPI\'* '.')F‘H’ CQ\M.‘J Z' E (fac)
0£I-€;\ ! Qw (')'9 “V}pl‘(d cQn h mk}( C Pc( h\qu A'DHJ J
Whe., ole ' vl fron Hildpard - ole w0kl A '“-\—QJ [ Xa¥Yd FJD« Ll«‘a ber i9a/<
shak, .

@rSCuW- 194 C\hl'}ol"ﬂﬁ;

1 = 1 2
= DL+ ELA-157)
L&/@(; .Pou. D (C\nu\g E‘O):
D>o T LT L ] Slelor wikt ol flob
- o s Sé Pk N bueryy
Me;u S Lq‘/’—,-.,ky,/ g (E*’Oi Couﬂb) sheles Witk Afft:
_ L1 . /A Grousd sk
D <0 - - - | Can be uu:’yu&
it T i e or O‘-O(..“J
Tulesec § qu[‘—i\k;u k5 ole ye nrabe
Mole s - “J' o@cJ: Cry:hl 1'9 mmc hnen '
Culic 5‘;/)[(,&. ha, D= 0, E‘o' 4«/‘ (f(‘(-"%q-{');") ‘k'h\‘
— Lalkee with leynis can hare cel  ( Juskao of Jlo(al)
a"“).‘{"‘j axes
(45‘ docy met act  [for J= 1/1 S'XL’ 571 = };1’ (fo...sf'=4/t,
@ EXCL!GHE OaisoWopity [‘D-H vecdor
= -3 -
In) 2JLJ loski.;ky s IIOr.'Jq b (51 ’(Sz) Linst! oeder i< S9C
ﬁ = | -t -
["sendsolipolar S,"E 3, See ool dear M| JOC
\‘J wimelbic Hasor
! z 2
lfh,)' 5-1 J-l
D-M iu Wockon '{?,u:rw be0 hea MV Sia S; ’M\&VJ Yo @Xxiyt.



e T

Z. 6, 5(1 mme fn’ Ll‘calu'u? qaadf mLan - ;v't{»( 'H‘cof/y

Re caqll Noe ther's theowm Every condruous Sy mme Ny 1§

assoctekd with a ‘conservakon Lau.

A

fj MMQHJ DPC/QAbn S

A( Af) g 5 I 0(5

Con hauous f& mane HJ Las er = ; - N

XK RN ] = g 9 2 . frauwsla Rou 7 o
[H, 5] = *"LH,;,- o ]

.(PD»\"AKLUIAS 5) MML*""I Lr(,a.lu\n/) : L

(MJ [ A( 3;} £ 0
ltam ! Uonian o(tun‘r'J mahx
Sl;»\w.q)-ly LroLLu\‘j o Cills Ru sem Sle
~ - |‘." A
l‘i\S = tvap (i Le.{} 5_7-;0 — CAn Sqmnel
[ ‘ ;7 ’ B . | " o be .’»rglw«? /
A‘)(:(J J’Ju»«_ )rj - l,t(QLuJ F‘(d H— - Lé
Wik *? = oroler ,oarama/u, i€ [ ‘;I 5_7 * 0

f()o-\ tan cow J'} mn(/”*’j .‘I"(A.lu\ij '—:\ [LI.MI'/”V L}"Q Jij n/m’{
A A 7
liw (k) =+ f(L:o) 4

h=o

jy mme kJ Lt(ﬁ.k.‘.) ( at T >0) r(?ufm Vot rm OM;,»\Q..,'C 4.{“.'}-/
Cs ﬁ;-\ Tk .)‘y;k-u) Cana »¢ o(A';,o(,ay a fl\qx fransthoa ad T 2D
( e~ f;“ = P.-p.(MeJr o! mlle nuaer 0( exfz.ou.. Fat,

Yy V(a,whr Jus chea Pj ﬂ’ 4/%'_ )

N I;mukj éwe‘w\J i plits Dwe  lin. . = b U

-—

h=9 N va® hLh=o

Jg MML“/J Lre).kl\q‘) oﬂbo . pll'(/) e’(l‘J"C«CC 0{ QQ(MI/Y’ .C)(c"J'Rh'Ow MD[@,,

Wikl w(g) = 0 foc 90 (Homg-wavelec it Lwit ] & Coldsione wodn

(lm(‘o.uu. g_=0

(ofmpoaa(o ‘o 5,]"""'"\7-'(’"("'-'1] Wni {OFm kﬂh}“omq‘\vh)



- Y "'L r o l )
Mud ¢ory {or .,fg,rrom ;]uckc L/(ARA/(:(/J woslel

T L

H= -7Z &6 - k z.
@’y f t
j/‘aE
SAEREERS N BENSI S IERNER IS ERHELER IS,

MF appro x = o'y card ;/(«cl-l.a.l\‘au,r — O

Assume homoy—-eou séake <-f:‘:> = <5y .

/(Oﬂro{,l\“ﬁljb« K‘\Mkr
— - ~ R 2
NEERINERNIIEFAARINNNHES S,

wilk sk “Cou)’;lk-.cd Conds how

—

by = 1 2 <3>,,,,,_

H S olyen len Jl\}& sf’n n ‘C\'c/“‘ j

r,,,; rep Tt mean Jl{cld (o{ Quvirowmend achuy on a (_\qr’h‘c-.lor r‘))..).

HHF. Qeu be solved., F9f JB 4/2 a-4 E " l‘rlF u <3> g

1 h +h
sDI| F 7 tank I

2, | | _ $a lve
Jelp - : ‘h : ; 4 YugT
Cw COwgs J"(A‘cy Co+ oy hHoy Hea ] ic(ds {ul JOlahOu 3;- s = tonl ¥
For b =0 I T, : T>T, = oue Solutioa £55=0

TCT. @ thee Solubons (SH> = F 4  <SH=0

T ?
O[a&n\«d R pera fure = I YA Wit
\kﬂ s L (reestl T 2] from choglr 1)
. Tq\
< ?7 * 0 I'WF”M J‘)Ou"QnCOkJ Sa mvl—l'(} Lf(uluka' x{— .
, o

Jtak  for T<T.  olisploy s €0q) =range I LT

MF

.‘.’L‘f,(!:{,: b -
C5:5 % = (B 40 pe lj=jloe



2, . Parao(c'imqh'c wioalels fgr fm;l/qo‘o( h«&}u{o

H’ el‘}(_l-v !)Qr} H‘ =

|.ﬁqJ Kk =

Cot..fqu /l(.'{aw “~ =

o Tn'anaulcr IJ“.‘J
(l(cJou. Is:.J S':n.'li()

L Tra"\niuhf L"d!(ﬂ (e

- C.[QM»'C L

-l
f-/z

* Kajome ‘-k/;k-‘kuj:
c lamicn

- i
527

—

’ ?yrockla.f_ lk«;'knbij
claricl

(Y

i

-

I SR ) >
1-2]'-3 <7‘J fi J; J -
02 .é
5,;7 J‘) . ‘5
A AN R L (y # olifecct tode 0w [ihe)
(l'i)x d

Query  Fhang L TTL  or UL ™ Gy Wv&.

N Livile  esidual "‘"’PJ I/N £ clupicdk .rp,L L.‘;,«,'.I

Z S_i =9 7Y unigue 120° blaa-u( Stale
l.‘GA (L\r to Su(2) rghh‘qu)

shlU 120" ordrr

e |
T in een oL (4 S|l = |-
ATTMN 1 wik ey P Eo . s

~ skl S00) eegubnde 7> orde by olisordar
Z: f:_ =0 Tv —(AryJJ pa_}(,nuq,/(, (irel. mou—
164 ! Coplanar siaky)

most lu'l:.clj quan Han ,‘Fl\- 'C"?,qc'al

-t
EE T N z(Arydf ole e erale
€ felakedron

P,_‘—L.Q(u e{yuq-. y )[h‘~. (4}‘-1 ld

>

<

XX <
XX

A

l/(ag eme PJOOQUON
((QMCJ! ‘)’Lo.ﬂ\«J (con\u ~Sl\cn\~j
Ma-\aw) Hhvalesn )



F g bea on Can also Je. I b 0 dan ce @l !7‘7 Cour){"«)/)
VT, 2% M;LSQG Pt eyt
/ ;uo,.o( KQ\JLSDr
o Jﬁwﬁt( latica ] “da " } i v
Clascal 1/7_ J’m/J
' 1
5.;4/1 =AF =7,:sk~‘pc’
0.4 To.‘ 1,_/1
1
Sp Cpaid ?
Pl
0 Sik‘\'l ‘\H'I(,L J-Q ; AE | VBS 4
J= 1/)_ 2.6 Q/J
. TnQu}H‘\l‘ la thice Y13 L 120 | spt S
lo.mwg | 1'/8 32/J|
!=1/ 119, | ) frl":f
. ! T v 7 J:./
0471 043 J

lilﬂ-b .‘(l\\ l.‘?uid

k; c1;(,

Ja

L4\ Iy
a1y
H‘Q‘ _& i: (Z-:
<ujkes 24
i
TN
L a 4 g



