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| % conuente ‘ goup the  mogn =
ipropenties of.  selids onded the .8ollouomd 2

b ,dZmnane}fsm
2- || paxamagnetism
3 | jomoma?ncﬂsm ‘ onﬁj'evrorn:gmeh'sm ' -jen?rmaneﬁsm :

|when o subshance s placed in o moaneﬂc fuetd
H, o maaneﬁc moment M pex  unit volume Scesulds,
M s called +he \vso,qncfwzahom Fox isotropic

matedals, ™M and H oxe  porall vectors and +he

isuscz.phblllfa X oufined ba-

| 7 M=XH fusl sl

= —————

4*13 - en_a._AmP.a.&_qpanh% .9n a msgh'oPlc.
substunces, X is a tenso¥. 4  case M ,.Hﬁb?}f(&,,‘h, o

'..amm meleciude . One  mauy introdusce. +he  molasc

!su 'MB Xm - Al atom3 @ ions  procluce.
= _‘a. du netfc  Contribution o 4he  4otal
susceph i) 13 , oaldnough ik nr be masked ba_

Ftne Othti " 4ypes; ik is._a  consequences. %_ the.

L magnetc momen+ _induced in_ 4he.  ajoms b an
’! extesnal NB,M:! I this  Hespeck , dao neﬁsm m:g
be  compared  with  4he e.Qec.hromc. polasdzaky

inon efechrfe ‘efd. Both axe esse

‘Mﬁr\dzfﬂ‘ of temperadure . There exists’, haweverx
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«an essentia0 d.&v«ence,- in 4he elechrfcal case 4he
|tnduced  moment  Qies aa- the dinedton eg, an
applied 812% .Deodm -+o positive  elechrical
..su.sc,epﬁbiha, in +he mo@ nelic  cose +he  induced
| moment produtes a nﬁa:hve suscqﬂibihg.

,APauownane-!-ﬁsm Hequures  +the exPstence
. perumanent rmdnt’.hc __dipoles and 4he pmmrm

. suscephibili is +he ono.loaue of- the owie
...wsccp'ﬁbilifa associated  with pexmanent  elec hric
‘Qupoles - 4~ both cases +he  suscephivili (s

. positive._and  tempevature deperdent . The pro]:e)thfesj

|

;cone.spondi ~To geoop(3) above also sequixe |

_exfstance of  pedmonent 'ftﬁnﬂ'&. cupoles , ai
Land  mMOMEOVRM |, a JMNeQd s infevackion |
. between +hem- |

29 L
- _4:
The. modoehc induckron B8 rroa be. ,.d.t&fn,ed Qs- j
I B=H+4TM=uH .- () a
& S , ; 2 1
lwhere, A Is  called +he pexmeability - W should .

inot be  conjused with -the same sambol

‘used  below -Bo%' +he. rnoﬁnehc dipole moment
GB. on odom . e shall Qssome H,M gnd B

Ho be paxalfs?  vectors . So that AL s o gcolase-
«Fo¥ pama  and diomognetic maderials .« the
peemeabil is a constant, ounless souvadton
(Conditions "os@  appwoached - For the  propexties
~mentioned undey (3) the.  swlahion Biw B and H s
.e;m%\T Tpore complicated ond shows hasi&'.esis
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Yom (1) and @), |k .Bollows. that -

his  sakion s +re omﬁo&u& of- +he expression
.%or the cudechric constant € . when X scepxesents the
Hatio of +he elechic  moment- pex unit wvolome  and

+he.  opplied efechrc .%wﬂd

-«

$ s convenient 4o normalize +4he potential e
1.0 dipole s in o magretic gid H in such o
mea +hat -

| Epot = = AMH e < |

— -

The @&fgﬁ:n Of- Pesmgnent Mqaneﬁc Depoles -

IAs skded in +he hdpoﬁve.sfs c% Arnpera » mog:&h'c
dupoles have  +heldc Mgm in_the ‘Vow °B elechric.
_leausments.  From  eQechricihy  4neoxy it is el knoOwn,
Jov example , that o. stah _foopcuwswenk
.&louoma, in o plane produoe. o J:naﬂne;h‘c. £ied

__|leonich ak-_lanaa_m}nnm_an&bL despubed
as mmin& _B,»mm moane.h aupole. s

. - - - —

whes T s +he. cwwsent and S !&_ﬂxﬁ,-%m&%_
the Joop -The aupole dixeckon is  pexpendicufas.
o the  plone OB_ Loop. Emplo ﬂa +hi1s  selatton,
L 0s considex +he. m olipole. momeny

assockted coith an  elechron de.suubmg a cuxaasc
ViR :
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ovbit a%_ Hadius H, +he anguﬂmt vuoofa 05. 4he.
elechron  being uX. The loop “cuswent in Hhis  case
is "€ /o1 SO 4hat , according to the. equ”(6), +he

nehic  dipole moment ogociqi-ed with +he
eeftvon  owbik fs -

. M= - e wo}-(:‘ o (Gaikiile 15 (‘* )
| 2C
4 s eg, imexest 4o slate +he nerc

'dxpo)e. moment -+o 4he onau.an momentum QB_
the  elechron |, whith in +h1S  case 1S mwer>
.Accorwt\a ‘o  +he eq/unt*), we have -

|
A = ”m) X QHSM.QOM momentom - - .- (8)

{

Mhe.  minus Sidn inducades  +thal +he dipole

.moment _polnts  Tn a  disecton opposite. o the.
vettoy mepresenting +he an ax  romentom .
Relatron (B) fs \mmﬁ .Bm' an e.lechron oxbit , I+
s nat  volid , howeves, «gor the. spin o} an
lPJeC.hfs:nr\ or  nudevs.

The Use Oj— QAuantom  Nombers-
V

The. prfnciple. quortom numbers 'm'  determines the.

lersv% eg. the.  owbit ., it can  accept ov\!.a, +he.
| valuus, n=1,23..-  The c.oxreépondm&
_elech‘onic shells cxe coled 4me. ¥iL,M/N.

- Shells:

AS NG.‘H ﬁvl"tﬁ:ﬂh
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“The onzumk o m emrtum GB' +he. orbit IS
cwlexmined by +he guantum  numbk L, which
?s  Meshricted 4o +he Set og. value s

2@, v (=LY s Q9)
The. 4ota@ aq momentom associated wiHhs oL
gluen valug “of L js- T ILus]'2 Lo

£lechvons  associoded  with  stedes L= 0,1,2,3. ..
Qe calfed |, mespechvely , A,p,d. f. gees elechrons.

Q

IINate. +hat eflechrons ™nan A state alw

have. Tero angd . momentum and +Hus a.
vanTshina modneh'c. moment- -

'ﬂ-\e. possible. Lomponenh eg. the. anq;&nx
momerﬂvm Q!)on 5peu.8|ed duX echon

(such as 4he ion s% on exteseral mqaneh‘r_
-Ba'eﬂd H)

Ul s 4 fem s , L iways

m.z0o

e - - KL I=-ya

Ul duteumined by +he. maanQﬁc. quantum no m,
iuahexe m fs seshricted —o he .sef-eﬁ- valdues -

my= L, (L=)..- O, ..o =L(L=)o-L  .... 1))

For example- a p elechron hos +he. possible
Cornpone ks o o mome Ntom

”“’"ﬂ “+he.  dunxedton 68..0. maane.h'c. .Bi@d R.,0,-R

1
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:Con.sequenildm_possm moanehc. moment

cormponents  afo +he.  dixectron oﬁ. an a.PPQ;ed-
madhehc “B'dd are- -EK .0, *'_EL..

2mC

The. quorﬁ-da &= = 0:927X16° exa/onsitd is cnnﬂe_d,

+the.  Robr mcancbn it wall be denoh&d ha»ua
So fs  we have desmih:_d_nu dechon simply as
a  pomkide % chaxge e and mass m . Howevex, ,
+he  elechron il'.se2£. has  on g momentum
known 05 the Spin. TThe  possible. ona;unax momentum
components  of_ _m*_sﬁn__u!nﬂ&pfan external
~8:‘e1d, _cyechion oMo 2H/2. This has Jed o +he
frhoduchion o the gpfn  quantum no- 5= 112,

1On__4he  basis cB.. 8) ane +4hus  expeds thal the
ieectron  spin  wi® amze._.xi’.se._:io Q. component-gf

hnﬂﬁkaaaohr; Nn. 49dF must be emphasized .

swlabion (B) is nek

C——

néhc  moment  camponent

_.A_:az._ag__fm_ap_q_o%t an _extexnal {l,qeﬂd_ is 4

_Latyen ba- Mo , 1

S —— - - S

ez e %%&_}/%) et rad 4

—

wheve , g s called +he  spechostopic spﬂﬂfraa 3
jaofor, @ the ?-{,Dc.omacqne*rc. »aho- For the
lectwon spin = 20023, l-e 4he elechon spin




l9,CV€:> suse 4o v N one Bohy Mﬁhﬂoh

in _tre  divechon (ex opposite) of an exdernal

: %ieﬁd H.The xeason Hox +he nome SPQHh'na Foctoy”
Lis the ﬁdﬂown‘n . Considex. an elechron with Spfn

Y2 and with orbftal anau.Oax. mamentum , undere

Aq_fngluence. aﬁ_q maaneh'c .%a:dd H -This 84'.\1(’.5 ise 4o

_ |l 4wo enm% Levels seposated ba an ene)«%,

&E = 2 |uszlH = 3(.%;c)kH = QugH. - -- (3

- 7 n N — a
wheve , we vsed equ¥)and equ 23 Thus ,%,dgnrmmes
“{lthe. amgont ba which +he o'a-?87f~0& Level s split
Jup. -

e) h'he orbitnd onaulw«! _momentuvm and +he spin

|be.  combfned vmh"caﬂ.& +o ,8649. +he. “oial on%uﬂah.
|lmomentum ;. +he  Jattes In  diteremined ba “+he

mum nu_mbm_...f . Thus ,.Bor an  elechon (with o

—|codalfn Loand o spin of V2 ,jcon  awept +4he

TL\@JMLLi’/Q_- 4n  afoms  cortainii Q.  pumbex GB~
| efectrons , 4ne A vettors be. cambined -0

6 sesuffant L, ond +he s vyeCtors Que
combined to form o >esubtant 5. This type -
combinatton  Ps calfed Russell - sawnders coupling.
The. yesultants L and S5 then combine o -Bozrm
the  Jotal anW mormentum , J si_ the  ohele
elechron sas{em of- +he odom. For sudh atoms,
the s pectroscopic splitti actor 15 quven
4 Lorde ':"J‘rrn'f:Q. na' .g %L ba'

a-_- L4 T(TH) +s(s41) =LLy) Yy
LI(TH) g

P g
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]{The  eleckvon spins odd +o
{possibde S consistent  with +he.  Pouli prvnciple .

Mhe  oxbital momenta_ c.ombfne.jn ive +he. yraximu .
mo valul 4.%<_>1J._-h:uj:‘.u>_mmi_9+§nk wWith L) =8

— ——— — ﬁ‘——t:

Hund suules. 49n  Oxdex :ln_prgcud- _4he rehc .
ldupole moment  assodated  with 4ne  efectvonic 3|
iauem. dg. o 8¢'.v,em_uiom. +he.  obove considexatens

ust be combined (with +he Panls Px?hcfp&ﬂ. ',
and  Hond's sudes. fuording o Hhe  Paull principle.,
one elethon can o 4 a State dng?ne.d.
4he set % Quantum numbexs N, L, M, andS. |
Filed  eleckvons shells oo not  conkribote 4o 4ne.

fmoa,neﬁ'c moment _Q%. on_ cdom. Thus , +he |

mnanehc. moment  in adoms musk  sesulE .%)-a.om 3|
mcomphm‘a, td shelld. Adh segoxd 4o dhe |

Hord's yguwules state +hal ,bo\— +he -3
greound stade B%_ suth akoms. A -

ve ‘e  naddmuom

— S

Peniimes ing ETT I - |
§ T, s ;gnx_a_shm J.ess -H'nn haﬂ.%_._‘

L N occupted.
J= LS ,_.%ok_ a shefl move 4non 2 |

- 3 e SN2 O ofeetamtonk, sttt 0 0 4
hcu.g. P




JTLorae.v?n -.'Diomoaheﬁc Equations- 4+ s o ahom:?\ﬂeﬁc

pmp&ﬂa eguation -
equation  about Hhe modre:h'-c. suscepﬁb'\\i%
the d:'omoaneﬁc matedal.

.L'na. , we  know ok , +he madneh‘c .%lunc S 8&ven

bd_ d = Ba (be
e~ PNOS S

. ' . uelociﬁ
b Rccordma 1o Lenz's low-

induced ernj— =.£._ q,% " .(f e fcdj
> b;?é‘-dﬂ
}.:E.fdl
= E-amk
Ez= X

QAT

oWwe. know  +Hat -

——
-
-

af Ik : dr
Vo + &Vp p
dv_dtf = € ot
me - or dﬂNnL g%




ol e o eV -2 Q0 ¢ IWE 5T, W I——
t 2R
! by = € 7,¢7 J
2M el
— -
Hence , e (V= wn)
| A,
|| Since
av.e 4
TH 2mCme i 1
' oY = & Bif-— ot J
H AT K me
| _Av. e @A(nd) (A= W)
H 21T me
oy - € @ in ST um¥s

M 2me

b <Me
and — e ——
D = _E B inC(Sum¥s.
| amel
— |The Tn Q i
2 N _Q:_ ;:_
| Lnumwc. n and .%nquﬂma,_
.ossooahd. is. Laxmoy -B\‘eqpmua,, -

___LP; :b_ :Bxs.M _precession . Hms  Loxmnme

|precession is  equivalent 4o a  cumment

7 lormoy pfession = wocent

— — —
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tHeDCE:
T3 chcmae X evolutron pest unit Hme

1- (-ze)x(:-g&

A AM 2me j
i“%n
Nowl, '
Moarﬁﬁt.dipole moment = %XH - Avea

cwent

. |
M= -2exB 11 <p%>
YT me N

e 9 M= -2e'B  <p?>

UmeC

lmhexn. <P 1s He mean Squosd pov.penda'u.&wc
aiptance. %-g.‘ .%agom the  Qietd 0uS (z-oxis)

|
|
1

| Hence, 1
{ R P <1‘>+<a'f->

|

The  wean  squasxe Hadfus or e sbhe:c'i'mnﬁa,
;sa'}‘nuﬁc distribution s - _

AR Vas, Kk
S . we knmow  +Hhat- Jou  the Sbherim.u«d
j/éammej'ﬁc.-
<X*> = <a’->: <z*>
Hence,
P> = 2 42>
)
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_,.:lhm%m_,_on_ m;m;oaw-_

| M~ -ze2p (1-3.) T s>

Unmec
Wwheye , . )
<H> s 4pe  dishance %nm +he. nudleuvs
l 4o +re  elechron -
Hence,

M= -2e> 4435
GmeC

Lt N pe 4he numbere S} ofoms pue  unit
velume : and M be the J'ndu!.&d.‘_maﬂrﬁic
moment  peM  unit  yolume. TreveRove,

B Mz=uN = X8

o, N
X=M - uN
| i~ T
X = -2e“N < M2> 9N §- I unit

§ me

Xz 2N <H> = 4nCGr§ uniy
GMQ

[This  is  coQbed m_m:)aevfo_:b.iomvanzﬁLw&

| , — e 20 i




