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.' .:t'he nyperrinerul,p;netic' field at ' Till n\le~ei substHutinp:

. ~COPE· A!to co:m::rrs.:.'
"

r. • • ~. /. f .'

the s,:irc;oni~ sitell in rerrot:aAAet,1e 'Z.rZ'~2 vas measured by:the ....,thod.
. '.. "'. . / ".

of til:le-dltore"ntial ~rturbe;1 angular cor.relations (TJJPAC). The
l . - -. .'.

. ~ .'
value obtainetl vaS -11.3 ~ 0.3 kOe vith 2~ harniu= ,iClpurity at the

- .
drc:onl= dt~lI. - I • " . •

•. .
• "1.' , ,

'!'he hn>errlne rif:ld'VlUI also "-,,asllred as Q' function o'f hIlfniUIII
~ ....... _,,' . • l'

and ,t.1'tanJ~ conc,ent.ratton (uullllt1tutirig' at dr~onii.c lIi-tesl. and•.

~;;-cfvl'th m~e'thatfort llIeasur~ritll'on.,th~sll:!lell~plell. The

. ~etiiation data &«reed quall tathely ,vi th measurel'lentll by Ogava:

the ~etiza't1on d~creaS.clI to ~ero at about J.5:: harnl\llll "oncentrati0lJ.
" .

, but In:c:reuell to iJ: l:laldllu:ll at about 2b~ tit4tliUIII eoncentration~ The

1'
,\ .

hyperrlne t1eld. hoC/ever; decreases less rap~eUy with hatnlUlll concentra-
o ~ ..,... ' ',. l'

t~c)n ~i~t~~P11 Qrf. ta~rl)' .sud4.e~ ne:1' 20%. harnl~. When tltaniU:a /'

lJ1P.Urlt)"i-f.' 'added. t.he h)'pert1ne 'fle.ld does not 1ncrease b,. as great a
t;. , A....

rractlon aD doe4 the aa«netltatlon.
. ' .----------~
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: ::TP'Ir:,UCTI0:1
)

•
,\1 thou~h nn i"._.,,,n~,, al:ount hn~ t""n l"nrned about it,

, ,
t~"r'~ n~"'~tlll sinple questions (l1k~ "\Ihy is 6rre.r'.ntf'rl,,1 r.\llr,n"t~e nnd

.... l-o,.... ."")r.."O •• j .. no ... vhlch do not hnve s!r:ple .nnsvers. This vill lik~ly

o:.he cn:-.i'licnt~d el~ctron1c ~tructurC!1 or th~ ntot'!5 nnd ll.loo on th~
~ ...

t":lnve brll vl,duJlll;: bUt, becnuse or their close proxiMity! Internet

,v!th onenn-:>tb,,!". ='''''''l!of therr electr~na are shnrc.'d,to a larp,e extent

" v;1 th '1111,~ ntoms', (lnd' e'ven those vhich ar~ 'not shnred hnve 11
,

';.j. •

dirrerent b"hn"!our fro," vhnt It '(ould be for a sinv.le free atom.
t
Th" orJ;::i n or 'he ",aentt1::" 1tsdf III vith the electrons. An'

el"ctror.&F.net!.1~ "'nde by pnscln.. 'n

I.; ~ev1se, In 11 lO"li:netr~ sUbJ~ce"

- ,.
cur'r"nt thro\JJlh JcoH of vi r".

, .
the ~"tlsm can'cone (roo th"

:

..
'f circulation, of de"tz:ons about the atomIc nuclei (~rbital Ml'Ular .

oo~ntum); ,Besides this. every electr?n has,so",e intrinsic'magnetism

'vhich I'lnY be thou~ht of as ori~ln~~inp. ftoo'the electron's spinnibg

• on ltl1~,~~gulartxi::e~~Il::l). The elect~ons are l1ke~,YY
idf!ntico.l' ::.t1l;Mts " each ha'fing a N\CIetic C(JDent Of one Boh\;Jg

Mton~ "B'~' A ~et.ic 'moeent ; clln be defined by the energy E and

1

•
, .

I.
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" •

th~'tofqu~; for n cn~net in n ro~n~tl~ f~~ld H, ~c equat~ons nrc~
, .

' .. .. ,f., F. .. -~ H
, '• . .. .. ..

and T .. ~ x II.

''',(1-1 r

,.0

The splnc of th~ el~ctron~~ny'beoriented in one or tva vny~. ~

either parnlle1 or 'Ilnti-
, . ~.

wi th 'respect to 'cor:e arb!.trnry direction:
\ "

parallel. They areusUIIUy called "spin up" ',or "Bl'ln <k>vn'" electrons.

,
;The aIItcrla;~ de~etlbed in thlB,t~e~ls a~~ crystals, vhl~h,. , ,

r:ean!! that the nto.-.s are '/orranp:ed in an, o,rderlY array or lat tl ce.

There rony.be'unpalred ~pln~,betveen the ato~s in the lattice or rl ..ht

at the atoes, In vhich cBse a local J:lOeent is'Gaid to have'rol""ed;

Th~ «;lrblial llflr.ular C'.oeentum also contribut'Cs ·to t: .. 5 lIlOIOent. 'Vsua,l'ly '.

but not a!vayB;' these I:lOClentB
..

the IIV..e kitld in the ,crystal.. ,~~

'l.111 be tli.,. bllJ2 size at all: atQtlS or' .
<ltt. • . ,

}n rerrot'lllgnets.•: thes.e .l'lOl:l~~_s·.aHen In

. ' the lIar.e di Teet1.on vi thi n 1l:l411 Te~~ on~ called 'doi:lli ns. Tl}1 s Qrdel(l rir. • ,

..
: .' Q , ."

OccUTlI only ~lov a cri tical 'telllperatl!re cal1J.ed th,e Curie'tet>perature':
'. . . .

Tc : All lhe telO~Tature in~reaaell. tovard.II'Tc ' the ,?TientationG 'of th~
f . .' ." .,'

~ntll vilhin a ,doealn OUctuntc IlIOTe ,a.ndl!lOre. 110 that' tlie' l:lO:Ilent.
." .' . - . .. '\ ~ ,

JlCT unit vol'=e or th~ domain (cll;l1ed thellBt:uTalion ~et1nt1on)

decreatlell. The total _nt. or,· the domains need noi be IUignec;l.,and

thb i.1I "by iron ror inlltance ill n~t al"ay,B ~el1~ed. All large.
• !

,a&01etic rlcl~1I !lTC applied, the dCllllAil\! all(.1l and th~·lIatura.tion
'. .' ." ~. .

lIl8D1ethation 111 appro~ched by, the m&«i!eth,ation o~ th~ vhole; 1I~'i!~
4 , I

AboY~: the Curie' tt!l!lJlCra.t~ tohe ~ethatLon is IlOt ..8pClnt'aneoull but,.. , . . .... . .' , .

-- '. l .': .' '.

, it can be·tn4uc~4 by applying ,a ~~tieri~ld. Thia ia cll.1~ed· par.~

;

,

. .'.
.~

" .

. ; .
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magnethe.. 'The bulk ;~etiiaticin for a sample' C.M lie C1C'lulured in
;

field-intensity per 'u~it voluoe or' unit weip,ht, Th~ practice followed
, .
~.f ~

in this theaia is'to,use the ~ulk ooment which is thc number of P~hr

.., ,
m&Rri~tcns per atdm of zirconium. ',.t

~e

9
previous discussion it 'can

I
be, seen that lIlQgnetisl:l can

'Th~ ty~s of ceaBurem~nts

tllet can be cade", fall naturally int.o' t~.0 ,Cnter-ories: IllQcroscopic nnd\ . .
.cicrbsc.opi,c: liuch can belear,ed about the m~gneti:lm of n lllAter!,.} fr»r.:

' .."

, bUik cnr.neti zation eell.llurer>ents. at different temperatures an4 I"PPUed• : ,.'< . • ' .

fielda., This is a macrosc~~ic.~a5urement.The unPQi~ed ~pin density, '
•..•.' .--- '-1_

. (IL aicr:oll'copic propertyi can' be, ~'~lire~' throug'hr:l~t ,the lnttice by

diftUse scattering of ,neutrons.

thestp involves the'~asur~nt. " . -

~~ par;ticular contributi9.n o!

" '"of Illftr,!'~tic fields, 'at &r\ atom1'<:

,
this

,
nUclc!1s

... t ",

, 0 in a, ferr6aagn~t'; The field at the nucleus is, called the h;rperfine '

, " , ",

, 'nI~:beat' ~eOretJ.ell'i, approacll to de'scribe maP,I1eUc materials

..

•
, yp.Mes. in the "rare earth" dement~.tbe electron; responsible fof'

~ba.are veuiOCal.lze·d,arld ihe"orb1taJ. ~iU- IllOIIlClnt,imprays ~
. .: : • • " .. . .' ., :.,1' .

i~~ant4rOle. 'nIe ~transiiion series" ele=ents,a;e th~ interCJdiat.e
, "

,cue: the"deuee or locallzatl,on b'l:lU~b ,leas and the 'e~eetz:on apin
, ' "l. " , , • 'I • . ~ ,

'. ,proY1itu ttie doa1oant. contribution' to thec'agnetism.. ...

"
:. l!' '1'be oppoatte extrelie to a ferr"r..a6net haYing localized IllOl:lenta "

• ". 1 ..

til one iD which. thcr ,electpona reapoDs;,.~ for the' magnetise ,are
• " '.' \' I' '..' ~ ~ " .

'itiiierut~ ,In 1,938. Stcmer prOpoaed ,a band lIlOdel. todeac:ribe t,b1s,
.' .' .. " ~. 'i '. "i.

~ ~iDd:ot f~M'OIlia8net. * single free atc:ilU. the el:ectrons have'

, ,.

,j)

.,
..

'. '.

"
" ,>'

.; .

..
•

"

"
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dlscrcte ener~les but in a crystal, be,ause or the interaction or the

ato::ls. their 'outer electrons ·cnn have II. continuo."" "b/llld" 0\ ':eneJ;l':les

vlthin a certain ranfe called the b/lll~-vidth. The number or·electron~......

, .
(a. ~~r.d of ~lectron hav1nr. a particular'o~hital antular'~Q6entum fn

. '.
band of 'spin up d elect'rons

• I

fro ~toner'll ~del, there ~s a

vi th a IIp''cl fled enerry in a b/llld ill cnlled the' densi t:r of states for. ,
: ,.;. .
that enerO"...

the at~) and a band ar spin dovn d electrons.
;

'!'he bands ,;have
.; t

,

"electrons up t.o a f,,1 rly shnrp outorf in:enerf:)' ell,lled the remi
\l

level.' If 'the =t.erilllll~re not ear,netic, the. tvo bnnds vould be. . . .

, .

at identical eilerllies but, becnu5e of interactions betveen the "up"

an,d the "dovn" electrons', tpe b/llldll

, .
shi ft " one upvnrds in "eneri:i: ..', .

~he~otn'er ~OV'lVe:-l-dS.
, ,';

• •
'!'he lIJ:lOunt .is called the band .spU t tins. !lccll,use

.'

of th~ definite energy cutorf lI,t the Fe..:i level, the ~lectrons from

the band .thll,t "lOVCS upvud arc r~roved and added to the- band that "",.v..s

dovn7U¢' .There arc then oor; e1ectronsof one IIpin:thnn of the ~~her

. ,/ ..,,

.. '..

thi~ alloY of drconi ur.I lUl'd

tef~et).

A li~1y interest. ~1~lse~ ~n

tor a .,ery veak Itinerant

Before the relative11 recent ,discovery of 7.rZn 2 the~e.vas no

exis~ing fe·r~et·to'lIhich the theo~uitablY applied (th,e thcOJ.;Y.
~ .

r ~ " :.

. I

pr.opertles a.re

tfrst reported

to be arelTOlllllf;net by .KattHas and Bozorth In 1958. It has a Curie

~rature ~~ about 26r. and a saturat1o.n ~nt arollDd 0.16 liB ~r
....

.d~onlu::l site.

-.. "

• - • II--,
':' ; ...'.. .\
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Foner et al.in '1967 cu~r.ected that .the ferro~~r.netic~ vas

induced by bpuri ti" •.:tUld th'at. 1....1.0.2 ~ieht ~t be intrin·siclllly ferro-·

cahOetic., OgBva and also Blythe. hovever. ha~~ ~de nnp~et!c i~ples

5

vith. less thM 109 "..,

Using :::toner's

tr'ansp.i~;inp;',rit:i'.~
, ;

bll."ld ".odel:. fcr II very
i

"ellk itinerant

•

rerro-

,.is' about 0,04 eV·and t~~ density of ctlltes at. the Fermi surfllce ~s ' r--. .. .
2.9'staten·jato~/eV. Snnd structure enlculations for the cubic Laves

IIt~cture 0"11':,'1-1) (IJo€s4 typ~l.bY l\oelli~g ~t Ill", ;t:.JKH) have

resulted in a splittinp: of approxi".Iltely hlllf"that llCOuot sjnce the"
_. .. . • o. ". ""';

calcUlated densjty or. IItates is about tvice Wohlfarth\s value •. The
.f'; -.

:,' vid"th ot' th~ band l~"""c:~~ulated to bet aJ>out 0.2 eV,
.' ,.,.,
Chirane'~t Ill •• using cugnetlc neutron acattering. shoved that,

the unpai~~ spin denalty is ft&5oclated ~th the zlrconluc sItes rather

thlln.. the zinc and thllt there Ie- a t1uiMUB' In the deW ty lIIi·dvny betveen "co

Meul1rei:lentil or th!.,~tizlltlonor trzn2 with harnlUt1 and
• '-tltanl~ lcpurltlell by Ogavll provided the mo~ivlltlon ~or the expe~itlents

In"thll1 thesla. The =«gnetlzlItlon decreased to zero vhen 'about l5~ of

"
. the zircoftiu= IItPaDvere replaced v1~h b4tniUtl, but the ~etlzlltlon

'increued ~ II cub:Ut1 lit ~ UtanlUt1.

!-lurdcX:h et Ill. vereBble to 'fix lU1 upperllt1i t ot 22 kOe ror the

'MOIl tude or .tIle 'hypertll1e t~eld lI.t 9111b 1~ Zr~2' ~lng n~cl~ar or~ent~.

tion. ,T~-dlttei'ent1a1perturb~"angulllr correl"tlons (TDPAC) ottere"d. " ...' .

the .po.Ubll~ty ot _uui-lnglINer bypCiT~-t1old. lit lBl.rB nuclei"
.- ~ . ~ '. ..
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