\ Struetu ral P‘)ﬂa.% trandtions 7

Gr@u E » QUE %\‘oo B T‘e\‘:a'r{ DQ:C&WLP_ N \
0 QTOVUP SuberovP

be’ﬂueen g‘PQCC-%"OUPS OS(
Qarerzk Cﬂ’ld am%\\\'vp?\)asﬁ @iaff)ng\’]?

@C\\an%e, q the sk
dilownte in enaigies MUE
¢mdler fhan Co\psive enogly ¢ Beaking ©

o} ¢adh gkyucture & c)neén\'

Com\'wsi(fou.

C\‘leml‘oa\ bonds .
K o Digplatemenl X pijount

@ No \D(Ga‘kin% o\ C )
@‘Digq\aam:;é ~ 0.0 ;}71 A ode Dg(\i\%m-p:m'nk;‘ s(:w_ ?&} el
' ; W etrwes
| aYenk e L o A% \O“Largea@;i\(z‘; ) M(?mg
@ Sma\\ o\(swn\’lnu:\ﬁ'ﬂb 05; O)f i Y eax’ homogenson]

i pasa® f Qo H\@(rmaz\ Sepasaled
® Tensonia) o lowsiyicakion h%s\r@w’s by lange
: sl _ K brphasic
?ecroe\ec\’nc& | o0 \0ALES e A\\o‘@ \aha“ oW WOM
othor S@«mw ;Non &rﬁoiu s e\eméf\ﬁ (PM”
© Mctaswopic Noatil cakion welaltic alloys Separalion)
(W o a,nl:{jrarfo) Mine(a (moa\') s Minerall
1 ©® S&’udieéi \0‘8 A\(oﬁ,e
© Hw‘“g mgu\a, e mﬁk&“u)t%ts?b ’g;ﬂecgw}bf
© \IVell S\’w\( eA an V&&“YWM %wdteé
Wl sl O d ol
\-Q\w%hm\% (g - P resdire omperabin
TWPC(@‘MQT > N(/qu)\@k) Conumbrtion
’i’mpmwf' (e)

preddwwe (A



'aou Tneoty

Y Basic conapts of landau thesry, @

araelecue
‘{'[ﬁn«m e

tc

g !

o Verroelectuc

- g
Qz=h $¢C

® Fon ?ibi(’Taﬂy a\t’s‘;la%ew{; 3& =8 ‘h'aM(Hon I—QIF i
deowbed \s% vari aFiona) Cnpn_eqdh\mimu\-ee-mgq @-E.M
® Fotun of F (1,24 ) Can be deducodiron 2 asgumptioes
 (hvanies Conki nususlyocnss e
C,on’n'nuL\If O,HW Framition {Fwnh'n T eu_'\;a(ﬁee {,mah'm

ok T)2,%

@ F lavonank b%S!&mme\'rqo?emh'pu o} poxenl f:ln'ase

» ST fruncated 124192,
@-’-’? A amall close belowTe MP:& ey

Oh= Now Y9 monomialg O-H‘MN AN i F-expansion

1 4% 43 Mmx My Mey (YD;:%IS“Q,? 2w 2y 2xy Zi“*m,f

%«M'ﬁ:-‘n-w Px by hytxhy-bx /r/rfrf by —;tig %ﬁ
R T R R R Al N LIU" Mo te

vk Ay b b A iy by iy By s S0V
> No Lineat fom wm F

= }(‘7'—’0 )’k‘%‘*"t‘z‘-y lowreat _deqree invantandi

l o
A ) ok N g f




oF F 2 Qe+ 0: (BT + BalET) e+

OF _ 30 =0 ) LF =20 2+ 1%)

EE e 2>0) Coaltoiam  SbBE
(_E,E :Z‘) -0 ,@tF o ~hy< . 70
O\ A 5/_('—*‘:1\30 2k /Px'/m-o b;o
(O_E :2‘)7, =0 'C_D}.E - \9
‘34"'3’ ff“% @4');’& 2 2D
Equilioviuwm ;-{:o nequines Fhat Qe A

@) (1, Andby Can 0ok r\/'CLm'S\n St multanesusly

g Rt
a@(g?_&):\oz (E,Tc\’-'-o OQ’% ar an

cooed poink of (EIPIane

S \nl,iuxi‘fe/%{ma)» ehan ge o ? T wowld
”"Wuﬂg nakure ol o rramstion A %@/h z, by

'W\io A0 o\ D\D&Ub\(&d 2K P@ﬁm@n\'a\\% ok ?bgu,e WCBMA; 71,7
i% 0, (8Te)=0 = by (T2 e

d\ange Sign at e
P b,

4ipn Con move ol

bk oY in W Jreohonw
e

Q-(D\/lS\' *(\av\ (]\re/ inih’oh o e
’ W
Nicout of the ant;c,

e

The sk o.\.o\egm ,}reedom whese jo:

OD\'IW\OM)C;'M’G) v gg\'%(\ Gk e

= O\A'.me/m'\pna\kh( B\FH\,Q D?_g Nomber Bg\nd@\;gndenk @%?OV\W%

(}f =>4 (ﬁvx)p% ~>2) _

@ Oata,po .;mT;’E}Qzéo TLTe 20 oda\,ymdn‘on AT~ cza,:azbﬁ»m

@) Second. .degree wpansion b ¢ Insullicent 192 )\wb#o
7 3 hiqher Aegree Necesdory |




2 0, (000, (T 4 2] ©

@/p 2 2py (0a(11e) 22 2y ] 20 (StakeT fy=0 T2 Te
D = 1 g (T-Tept 120 by 20 ISR T py —+[a aft: J
(D
/M F"Q" ’Lg A4 >0 f?d;@n&f’ad‘
B e
(1) /
- >ty
T, zudofmcu'ru D—l"ﬂ“‘b@
Te

Fbwt,l”\n G{Bgr& Suffieent ,;‘97, ong oumenb\'ona«? 0?@'@,’) Bui'rz_g_l’
%m,z Ca‘m?onewl’o.? (»{\x,)(“g\

E Wma\l% O/k —YZ S ,m:D
1) No lakenk %eaJ' axTe y )‘ A
SN Ay T

S ( T ) (a
L _TAS(TJ -—0
of 8 pea}&/heﬂbﬂ C”"e“"&

3) Upniond disontiouy

Ele o\'rtclftelel an,c‘?”g“%f’*ef q%“’t‘b} {ij&
C =T () = -T2 0T (w oSt
76 g €y i C"X bl
¢q ao& T T'b aoc-r?
(b) (T)?CE% o /5/1/

Ce, =Cg, & %T (Tery Lt

le




3)D; .
) Diver roence o) the dlielectiie Swcephibility 2t Te

8- L‘;’l (ZK :
?( Ga.,b(fb'e_y')*e? GT-F—-E}T‘% (-}ree enl'ba/‘og)
@—Q:ZM%;(T—TL)-\— L('Q,fzt):; 2 E%

24y =4

‘D{\aé
Ve 20000 (r.rc)‘z,‘g r 1204y 28 "

o 2y 5 ) |
4| (73" j’\
i /N

:
\ T& T'r, Te
ﬂ.r@n,\%k > ée,gona.—oro\ois,__ Pha&e (’rangihons_
- Irreo\uubt(‘l'q—\l‘eo\#d‘of\\'@

[ Go - /f[tm"rm: /,\,,—a i‘,ft%{e;. /f"‘a ')a.él'c Vdo"e’l. og o
4 -dimensional Veckor - Spate invaran tho and
irreduclole relakively 1 i

(rehy) — Lodimensional vecke -6PE iwariant byt
and icreducole

/
ew’ona@ veehs:

- (4 _> 3o
2D bvely B Go.

bk neeucible © |
eXoh = Sek o,l, d@%re,u D‘G ,%reeo(own gpannmg

Oolor - poram e
on ifceéucd\o& cedor-space( ireeducilole Te?’lw/"‘r o)

R Go (pac eak SYm wnehy cywqp) .

-Spate m\fa./u'anf'lo«d (o




gﬁ\)gybu? GC G,

'Decgeneracq ol low -S%mee\'rq Sb!j'&

Diceckion (5 Vegenerncy
e j E"’P\f/m o 2 domods

‘hxzo 0) mm 2}_% 5 5
-_% Y (O,{\é,o) MMQ-}_%/} er e
BRI ) mmﬁ*} « domains
“é S (-(m,{.;y] M2 1 |
ch (T"/*‘ﬁk’f") My 3 domain
Q 1 (zl'z,o,/}w%) Nﬂ‘t g domouns
% 3 (Ol'f"aﬁ“#) M x 2 domana
:§ 3 ¢ X;'(‘*:’("’J) mf’j 2 domouns
-g A0 ‘W’f;lf“/)("b) Nﬂx‘, g domouns 4 1\13
S (bhathodn) 4 44 domain &5

i Ly -Lo0A wkakion

= Seven) @qui\m\ervl' minima \'rawxxoming(
lmko one QMHWL Ll& Sb(\mme\’n.k DPera,f'iouA Oj(G'o
i ‘orEQ\Q(,wD meChontamn |
> Diceckion 6 (My) requines  § dogree & pansion F e
S Owlical anomaliea un changes b% (VVy ) except” )Z.ML
t)(lx,,%%(htq =Z?z ; ’ltl and x;“& dt‘mg¢ \out’ G—U&@jf“
bdow Te \secanse owsel o,\, N A o Jpc} du\'wtfg ’5{“‘«\“ ence

: 0'\'1 GUUd Lg/ dA‘rQOh'OHl' :

WA

[08l" A va asmmeh'y-




(@f ge C}Oﬁda{l—% 9(0\%; ?Wﬂeé'm @

._____-—-"'-——7

A &2 (4
becawse

celaked @

il ey
e sfpuctural wechonsm Ao

I algh - pcuuM&fmA

| )a)z(,'ﬂhe 4 f(ima)nr
Avectdy

y
Fa)r'rc;.




F (T/f/f'},?b%)g Ro(T,2) +y, (‘T"T"M;* 2y &T‘?f
+ Seyadin, + Cosef
oy ¥ 2By

/

Colp\inoa \retween eoaganad o E\a»ﬁ"—en?gtf

€y
@_E = g/h: + C23€93 =0 X T, o7
" L——»
o 6t L Sl T

e
Loy =-2—1 i Te

I 5 )4
o N\ kil - %
FCT/Q—)'{P'») -=CL;CT,E) ’raoz(T'la byt (Qq 203

- R A limf e
st ot [ S

.2"0@4%41)%’“‘%
o : V043 (4440
Elaghie suscplivil %6{; AT o
U - g e OB "3 °
G=F-Uyylyy = {'azmga” 1) £ 20 Sey | =0
. G 6y
Cetowd mi pian ;D@,how with 'e"f’e%{ i :;i: S;;
ﬁg?)& =T Te(hy=0) = oy Cgf
—]__ T (9= Loy =5 g%
S| 2y
; B ol
L Nodivorgene af Te bur smal a0 i
° ' s il ouifieal anomine
“—ipgewno\cw( OY con Ioe dts\dngw{i\qgfé“\g i oen)




/] Fi(s&, ord ey p,hdsd“ramgfhko%
B a0 SRS - CENA

/ﬁ%:-{: Qoelt 1)1

F T, 2hs) -

9! = Ro(TiR) + Aoy (T-T,) 0% 3 pe
& &= Q77T
— "‘Z ao -——& f_ . 4

GF 5 o
('-D-F{ 2 Qpy(T-Te) + lZQ{f,’,% +3 O)[’% 50
Befveen Te and Te (eexiskence
bebweon Hae phases with =0

a

aud %#-D.
2 an'

TiTety T <l 0
30,2 4a .2,

Ay /(;'«‘“)
Q¢
4,14/ .
(a3 (T ] i y A
2 |

0f Diseontinusus

Lakeﬂl' l’\wx 2a frz'
L Ty AS () =" 0.225‘:/

No O“\l@lwwf% f)L
T J;m 33
=T ((Ty) = z%g,

It i
Td.rz %_(L.,.(T-Tc}-(- 120q¢b5+%0a5¢.%




@

SPeu‘ e heat
0 2
4 Cey=-TP0 (02 75T,

p
Ce, D8y
(o= + - <R
s sy (o sa,m-n]’a

_9

T Slnwrp decrecwe belowTs

Al desivakyes o;, F disonbinuoms = Frst-orden
FranscH on
Ehrenlest)

(] Er&&om%éxamp e ol, ,}crs\'_,orde& ranal Lo
CannoT be D_\‘Cc[td'ed by Ly l\mvme['rq as it dePendA
on Hne 55- oL the Coeé?@u&oﬁ il o (%49 ag>o)

Fransifiona Preo& efed 53 éljfmme\'nf

o Clase of Lirsk_order

F 0" +a,,,(r:&)w. %f? + Oy f'a,
Bods o wb;c.lmfm"a"’{' oty

=0 3

Ay T>Ty by mﬂ‘

r3 W@/c

T<{y )(z 7
T N (Lan&w Pol’ﬂl’)
'[{w‘ T ""4.’{'*;-,, jMQO
1y Ta 4‘3 )‘\O%E Qz:.o e

" I ' =)

T},Tz. ; V) 0‘3('&’2) ,

wof (chae W
/l\%l‘b"o 0 "’ sogl—ruol'uf ‘IPII |$o‘a"€(£ POU'J’ ‘l'aon,‘hﬂb(am

‘b)o }M(D transibion (3-phage Poml')




g1 Usf’lr‘ff Cufos M(Q@%ﬁe [ andau %eﬁm%ﬂ_ |

@ A\' W‘hi&degnw F L\Q& b be feun wi‘ed ,lor olemml'm'n%
all Stelle staken aMocaled with an oP¢
© Can we predict the wmber of shalble States fpran OF ¢

@ How \’o combruch Hee P‘na&?diw%mm ier\w'a% al] stable A

Trtegnity basis. 9 Pasic invalante
F (i) = 0o # @ Ay + Qb + 065 =45

Flp)- Gt g s@bloplebdits (36 4501
Ch% +s =(hx t4)"=2 £ ) Dozt g
® The S~;—€’-t—‘91r L“"IQZ’-Q@W}' [avariante (4 ,;j,} ....)a,uocéal'ed with,
an 0F Coustifihes Hae """eg’l"‘ﬂ basis of-the OP.
@ ﬁw\ejoh_, huhm@g F
35% )18 the degres o_LHw H%keal'..o\egreefm/wmnkl; the delerminafio
0 M%u set e{(é\'a(aleS\’ai‘u neauives to Fruncale ot Hhe degree
(Aecond -order P(aneif:ion) 2 w fechorder Fransi Fon ).
. 5 ' B SE d%)
F(ab% ’ 20 :3(2 dordm) &ZMZ—E (i ov
Fws,)m-'? 3-8 (2orde) st A0 (430
©® Rules \or o\ei'vzm(nfp%_l*}e nuwmbey o(}\m(nle shakes
I% (o e OF oimengion and 9 the dimencion 0}

S ot gl

Epn) oA g=d 3 =g stable shafe (=0,417°)
Flhpy):m=2, =2 >37%= t,«&\'ableslraP&F_ y o

thx Lt
Mt he> 8”*0!«,\,& 4h13< # /M/h ¢

10 e m}eg)ub’{ ko




(ase 2 © M £0Q. The awmber ol skable States Can be
deduced Jrom the ntegify bass space

(O'z\ill'SPa,cz)
Flp): 404380 = 4
T Ak
F(nhe): e 'P’“i'{“}ﬂ
px 40
;ﬁ—\% 9,=px rhy
fhxi‘-'wo Agi” The ougin a«LH\embnfsPa“

=>'Wte Mo o}%a\a(e syates t‘nc\ua\wl_

_ The volwn conkas .
‘ dyaorams
@ Rules jor cowsructin ( the phoce diagrams

hases {co Lohbor(n
@ EW bl ool
" 21 Secon -0
! QA‘*OA'*\%‘S% %ji‘;% a;::d.ode\ akougn %u&
s T alwoys Lelween Tand
% o[egree)

S'I'ruchfa\l‘a skabole Phasc d‘a_'@m",“f (8
= i Qe

(r5% \

| by as

, -, Tow ’
) 1% - o=

12, ﬁ( e

t % dﬁ‘ﬂ'@ "
Steuckucally uil_-f_»_\f_@lﬁgé(Lt degree)
CNO p‘nweﬁ )




@ §\‘an dend minimi }\a,h'@m OLF 1!
Limikok S‘Falat'&'hj Curves l[ AN -
Dl _(_?S_F_‘ )L:'D Lo
ool Wl :
F"FQ"'— order {TQnSf Hon Ourves
F (ﬂ) = F (02)
Uy Ve 2quilibiiem values 1n phses
@ De Pﬁnal_ence ol Phenometpo lo%'w,?
@(\'p/p_u\c& VWQ\A‘&_QA
o Nalwor o] vaud (ng coefic
okerna) yar ables and on
o Varsing poefficcenls @WRE%O

o WJ Con ceuteation
more COMP l'caled?

h’cahpn fo %QT‘E O&#

{and?2

Coeuiu.‘en,& e

Tmbm 12045 T 4mm T6 s Awume :_@EE? R3m
—_— — % - _);——(—ri_&t'vs;(et IR ihr&%— 7_7_7%
C—\- l j?/ a{ | &:B% 2&:2\}:25
i efvoplecfic domahs 12 fervuelecliedomains S foavelechie.
P plyt (4 Be 20y, 0) Apmas
3 krroe(mh'c Adomatns 6 terruelashe domacns £ %’22’9%))
gtk [
e_%’;,.exx qlﬁ rroe Cw. (c
b

Coupling Ty (2ty -t - 4
5- @Mﬁ%@z Gy =y ey

PWG% mae[ec&ia 12\?@9% oclaslic
¥ me{eoﬁ € &econdﬁ:{ of




Lmyom . 48 maliiees Genecaked bu (3
Ce® G Uy (?m@?ﬁ;wmn)@

BT I

L oo ks

Basis ol wkeertys Tys e egindly =gl ) S5= At b
Dimengion ol e O M= =3, Dimension o) Wregnify beusis: § = =5
= el ble. Stal e Lates

Sruchuraly shuble | frincated a,mw.

\ul\x

"‘XI&“‘*{&‘} _ Zngm
ZI0 0 0 Pwam
Tlo 0 Ay 24mm T 118
L4444 R3m 24mm) (Amm2) CTRZm
™ A« 4, O A wman 9
o | hapxgay  Im aeA i}
9f | Auipy © Cmn cm g 7
By Cm w
W Anohy gy 4 7




Foi z alﬂl*azﬁf*q?’j'g"bd& +c‘2{“jz+dlqs @
A

(6 H‘ol.agree)

.—-l -. “““““““ L\ l.-.-—- e o fD o s = o 9““
& : | T
“om'ﬁ/f./ g
7 Ko \
—. 7 Amnad
&0 e
@-) lnco:s(shn@
cs.lga“"clﬂbejte‘f-"

e &
Y,z V. + as”f*‘ 0, ']fti- b4 +Curz

a




F | ®»
VI ’,Efn_a%e_agi( o %}\ﬁp Delermination ol Hta,p'gg - £herles.

©® Th BaTi0s the 48 makrices erncmfed b% :
PR

; /{)\8 ( jl : : s a“:(Nk
Gefeieets
are Of“ ; M.nal' One - tp-0ne wrr&poné&!nu CISDMO;LPF&@
behlz.n hgm\'ri N OLH.e, TR (") o_‘,m.\%ms :.G'ou‘agR 5 .
49 %L&mm\e\'rq oPera\'mb of Go. =2V (sa !f‘“‘l;
th& contrast the & TRy 61_ Go = ZI"/N“‘“W“ (Gandls.)
4’[:«\«\1 Ca Cyqy G Cu% My My Myey My |T 32 migw Ix 2!4‘ 251%?
i 4.4 4 LA A T A T

gi%\f‘l.] (A CR LI L e IEEED I

: emenks
Qe nok : W'Hi !‘W &e‘wgch ¢ !mahm%a—nﬂ‘ 8l [ “
0¥Wmmm - ' Bpepr
| Go 0k T, of, diskinck mafrices o}
’:Cmcr&&q\;_ﬁ ek Ogy ol Subg)\@wP DLG-O

m A AN oupLiS omPp %
'g“aﬁ;—wﬁq ‘%)'::( mSm To, (60!:091(3\09%\‘5 fg?;ﬂz e
Toag-qow 4T T (579) POV P
’mega-we}r,_ o). 4| mwm To :(8 matrrees) \sommpho:; DE&:&%W

(@ n. dimensionad TR(T) o} G Cattied by n.wmp?ne .
Tmage -¢mwup Jo of [ isom spphous ko itreducdble Subgrouvp

%g‘tﬁnogonﬂﬁ %)wa O(ﬂ) :'Del'amina/h'on ol,{rreﬁ-%”agffé
' o wponewt OF CoudisEE in:
; Mfmffﬁﬁl ff: !):r‘eo(uodlole Subgroups of Of1).

; venfouh (AP st2h
7) For emch Sulbgroup '“’Mhmgo"{mﬁgﬁ?f o?u)m PO .




@ Emum&fa/hon o’\, (rreducdole Sub ups ’S Ocn
= ‘l’“”‘ﬁ dek@mmed}&a " Tenhal

1:4 Jzm 5No symmelrychange T’?ﬂ

O(i) = ( 1Sostructural Fangitions _,_?i_.
:I_:;: 4.,-4— (J:nz. PR
%0 i SR L 4

74
COU' n=3,4,6 8\2) /5%
)/5(”?‘ pusd , 4,=07 \A—)
|

fqt e/g\ng {{,-()wma .)I"
[ Stable phases b

L\%Mufdeg@@ T andfl
( Aaki1Sesit:

) == Gy (n=k62,1)
F =", % an% 4,=p¥n0D

bout ‘1,,+‘33 =4

3 otgble skakes T 4=0
ﬁ "?,‘f"h’i‘ O




@ O@’) Fz‘ve lrréo(»\cilo(e Subg/wqug with (fma.%e,

Yrovps Lo 18omen phous o eabic point— @AupS .
cj __,nL t ¢
(¥ { $ T @tk oy
g 329t nesy,
= (9F92) 07950005 )

* ”:3 (24) fh,"s;ﬂ 5 :ﬂ,’q,ffnf@ g_stauegya
7 () 1,195 el G

7
0@y 4, 4,25, 1T 5 $Yable 8tali

422
o O (1) 9,5,9 @ 9 skl Sotu

™ 2 m
o O(Lt) - $% (rreducble Su\og)quS and ,{4&-%&3"&
( Michet okal1a8s)

} On[té,),m, S"ru.af’ump hanC'(EM

o O(6) 32
o 0(8) (2
o O() &




™= Sgace - GAoups @nad fhelr irreduchle TePTCSenl'Zd'l'o

@ Sreuclural fransitions befween Ozc&ora[(,‘ne e
Aenckmes =230 oﬂ?f‘a\(ogmpkm space - groVPS
SW&'?"’“’P G \nl,inib'& ortder %ormea\ B% ngmeﬁy otperah‘og

218 (n\--SL&mmel‘n{ oPemzh'OM
QR\k} (TE\'oaHons ; te}lechions | \nigaston )

=

oL t'raula[—.-OTA i
Sokol R = pornk-group ol i pale §°
9\' ‘EF i,nk!rﬁ'e Su\owcrg ag é %ﬁajﬂ ng
5—dim€%ioa\a,Q @ mvaw (ce

ok o 53 Kolthane tRBLAR (YRIS)
b 0\' . ,IJ 'f‘e,nb\" Fabulaked

19\\4 tn ke SPQ&-WwPS' = \nLin
\?:A' ctm \oe. conucked Q\’wzﬁn% WIR'& 0& poink-gon
) space
TRudenched F\{lm e on%;gwﬁob Jvst- Bﬂ? | owin - Hone
G

AR ;
Zoditsd | b dobines Subogroip e -
*G‘f{&&; Sek ol oyemﬁom o-g,é—‘{zlbl

N Whese tola tonal elemesk
G"];- ‘\M \“\WOLKD C/ lwe& W " j o’»

nraho () (Q) ;
L h)«‘» M i 082 \zgm,;w et difr

A
\’a\bu\a)fed(KO\fa\w,\46\> i,
= {7 w egG(AQm«g\.owp) wu%wo\'eo( uAng ~m
LR T T Y
gt 0 LA by
the 4ok o veckm B e oot 10 & e
by aliing al pofak- Symmeliyf lomnits R




@w
@’ﬂ:e Lq’;bif:lwhdl‘h'on.
E, Varded Conh‘numlcf

In Pr&’('. B)u'“om'n.}oue =3 Newm ey
“\Eni\'e . %P 'EM

Lty (191) 5 Absolute. minima of F(1:) insuffccent- t6 ot
the gFabilily o Shickly perisdic phades

2 Fne) haatobe. miniamumn wild respeck t5 Small
Veriadious og, Pe .

Disereke. F(x2) Eplacwi by continuous Swm :F- [ (0,29 ) dy

9!5;
(?(q‘:® ,n‘f' " ( l: 6\ i@’ ’ ! .@ 0‘7‘: V ‘: L
‘L,-&-gagq}m’) g hb U 191,,) £l 'a'x)]

t
dem@ Londa Pol‘th'MlQ‘ LS&Z{% invamont Gi ”){JDM

J foom
6 An*‘t'sa_mm.el‘dc Invesant loecmue ngmeh‘@ rmrcw;a,@l-

N ?B"ﬂii B ﬂ'i% =%("7£474) do not- affeck Stakildy.
lﬂ;ﬁh&ﬁt@ndﬂonj No Qnﬁgxfmme\'ﬁa \ VMol ?f{"f*}% )
Should be \mm&d Voo beausilaia to St’n’cﬂ.1 p@tioz:kphaée.
= Gf," has conkadn Laversion o 3 i'nl'atedfng,l-lfdd Qxed
= R%%\}kl only atthe Mﬂlowﬁmyﬁa and J&& Q
tow bf@h -QK"“W‘T{(" poinks on Firet Bodlpuin-yone [
1 Nm her, of "acke" Tw's [)ewmeAMe(a few Hhousands )

#Q%mmoﬁq dna,n%u Uouaked t6 X ackie" TR/, e bulaked
In the eighlies( Stokes and Hatel, [4pe )




X zha% hangifions 1ndutced bﬂr feveral ofder- Paramef‘m

£
tf/mmm=? A%, 09 = & Mo b2 i

A% 04 b= 2mm
i T >T

Cage . Weak coupling: 583 (e +45)
Ay 28, (T-Tey), 5320 (1-T,) : @2 and bp Change &gn

ConSew(ij\re[% o}l Tee and Tez {Be}ouﬂ—ci Ay, fomm
Below Tee (x4 Pr3) A

Aokl bous 4 Al e i A5 5o 41)
Aot ety i
= phase &mm absent foom phate dcguone. .

Cote2: Shong ougling: (44t : i
T’Li%%wing, mechaniom v B T ,{‘\Qz
)p}\'r(%%m the omek o . " .."“' | &/ mman
@x,/bnt) %1 al’empa'aiﬂm-ﬁ.: Tea <Ti LTe %a—a)\oz
=> ﬁ'm\-'__ order Pka&&_‘f'm,ngfm 4 : l'z-,t;mn

> lrmn and 2mm abient, Only 4
Example : PLA 05




Inéa Hmecr |

phase duagram.
Biquad @lic Oowp\»'n%:‘?a»d ﬁzrhaueabﬂefwwk |
elries (dl:[{-MRd)

$%mfm
Ll'neahqmdxwhc mp‘:'ng
Qpéei  impfopes wup\inj !")cmdia%oa

F.meﬂe& . % BT
A\ femoelectuic -Jerro elastics
. (A

aled wilth He Sme LR
) primony o G decondlamy oF

TRY)

O“_.}?i" g and ¢ have difjant et
F ("Y)IQB;' QZ‘V)?"‘, aqw)q‘l' bzie{'{vqi‘l-l' 5'02? o “; $0 :_‘_’9:0'%:0 lﬂb
n$0)$ 10

>$ deko'on dines phase with ) #0,§ =0

@ Bilineas 0 \iny +
& IY) and § hane Hhe Same %m“w\pz ¢20
A "Nl

K20y s&24-»Fad2

E- .
e (Y g o maTE g
/t)%lex%r '.L{.—-‘Li 1 \8{{ ;!2

— \QoSfW-d’“m,o

brangition




XL Applicabi®ity ol e theoty to stru ctural phace ez) |
Fransibiong = Cutical behaviowr. Lan;;u—_;m
L

i e S\anme\'rq ms peckk ‘:Dc"ufminah’m ajr\oW—ﬁdmmel’rq plnasu
T\'%aapu.b‘q waed{ Wo.a}ed with :EK‘Sa{,pafEnkSPace—g/WP
by arperimental o Phove diagaam [om min migation oL E

reSudhs -

Y \]@{‘,(QA qwlﬂ’qh‘v o Bc\ﬂa\liou}z 04. ph{ﬁ(caﬂ qmn Ht‘:u (n

the bohen—g\&mm&qu pkam (A ,ltnog;m
, )

bk nor quank fakively
o). external ranalo\es (1) o Lields (E

AY i hle seond - : et
; O‘:ﬁ?&[‘;\'am‘\ﬁom" Oueﬂ & Weﬁap&‘haﬂmc od% 0{- H\ﬂv andl
&-Lrs\'-om\e);?
'Lanala,u. Hwa’u{'. Qaume Tang e o,l,Va,(l‘a[i
céu}{wl when faleing i'nke cccount
ofdeL ,pamﬂ

C{ @y méan eld a_uom'mah'w

=> qurvﬁmai'\‘ow )
vkead \udualion 9‘%
4 ﬁe«\mmu%‘ on Coroup (L (porch £ Ou'»szQpbemmena |

=> {D"W powe laws clase tTe
Thermody namic N4ex
ons O,S'LC{

@ Ouliea %PM" . Whesrehica| predickions AN
reaudls

' _ e gpw«newjuo .
g i G 1)
Nodaw 5 7 5@ O
,, ?\‘Bdid'ion .

t )fm’ .’j‘Ji prder -TG‘L 13 T > T s >T
ban ¢i troms A 7{1 L o{z0




®Tn N RG afpoath the ouifical exponents ( I T-1e*4) @2

A&Qena\ on =The ggal‘\‘al Mrmensf,(,%e Foj,b}‘em
(Tn tlewnexaf d=% &m cteuctura) hrowasitions buf
c ome vedutkion of He ffedtive dimension CAP occm)

_The wonloer oSf 0¥ cownponM@
The am(cokvogt'u o). e of
s of oo,

(_Re\a&‘a“'o (e ant‘&oﬁ'\'vpl‘u o
\n an |nduireck ond um\a\p( W0)1)

@C\O/MA oJ( 6 bru cruvad Franailims have been /mcu'nb.(
(wadml‘u)

one - E}A_\;p P\nasa l—mngfij,&u '- i
HW - Tramitioa with(d= %,n,.é&) with shet -
range W

_ Unloxial J&moe,(e o ca
=

aa.fhc, Frangifioms ~ Transitou wbH :
lmh‘c ['mwg !ﬁf—”‘s U

T+ mowaly includes ! &5‘5%" Jomotloatic AT
Wtu\'dl W%SPOH&'QMGM afralv 4& Hoe [Bquwuf prda,vamme‘f&.




and exponw)é measwred 601, %cond et ‘VQMAI\Z&U@

®°° :
with w6 =4 gag iy A Relahive extemsion AT
__ orodd| egpaimental | D |ofoutial region
M ta?gDu, {U-diﬁmohmm, 0.5 *0.00% | 2lo-%
birgringene | 0.5 L1072
ThVo, |§ ¥-difje 0.5+0.05 i.lo"l‘
birenng. 0.5+0.02 4. 10"
3 D0y | birejog. 0.5 A1o-?
K TwV difacton | 0.5 ?
v mVOy | X-12y tH—ﬂR ; (
3 BV, | birelung. 0.5 410"
2 biteluing, 0.stool | (6!
& KH?’(&O?’)" gx\' dnf(-}mc. 0.5 g e
W~ BAos | ERR 0.5 o~
Te®s | Neubron diffrec. | .5 7
tareo qu'lg NO bi'e,wﬁﬁ 0.5% 00| £ 10°3
peto L RbtabOs | Y- difr 0.5 7 16-3
I(f'\: 9\ NaNg NH R | 0.2% ?
) J Rokga L5 | birthring 0.56t005 | 1o~
@ GMW@Q[TS ,).M m=4.

“clonical “eﬂponen!’s

e Excellent Cugveemenl’ wi

- Reliable L>€¢*9°'*'~Sef3_""0\1:!4?. characles Prfcuelci lenown-

- Coherent values Jor B

and

ko elashie Frangitions
Brillown 8

j ' dapf’ed
—E{M_ﬁgn&'al’ hZhnioues well @
Y-olikrac.and bi ng.

j celt. anﬁhsﬁd&w b’)

1’5

= powes lawg vemain vald from (072

-
Oount ol owfc col %L'o L (é‘T’l:)

- Dependance 01.02 and
with degetes |arger than 4.

& well verijied by Landau polyromial




- AR gV e
Wi Lal’swm Bm’ﬂwiniwh‘m A t0ps |02 \o~2
T} Vo, | Wkagound A lo-!
cow -l
g e |funal g
3 TmVO, |Whusound Ul 9
S bivo, [plrunlol (T4 (50
& keor), [nmineat | 550" [¢5r0s
YaSi NbySa| Wlfrasound | 4 9
ferco Ca e No Elfd'fo.-"Pﬁ“' rep. [ { £p.02 o3 )
-feto KB,L04 Satlouin Seatt 4 | o-2
Ljﬂ'tﬁ" B Brilouin Scalt 1 lo-!
,m:c)_: RK\:C‘? | Wirasoung 4 S0t
R0l | ifrasound | neempleh | —

® Dk 6gﬂne ex ¢y

PH"_@ b global (m a.nolow!-)agmememl—.

anw;\u 1D1 Voql oda,v.\,iwp %(Ponenh; onl%,}m %{10-3
| fo A;—> 103 OOA-ClaJA\'LwQ \oow& |aws
ohtnomt'd BLc(egf‘u -8

i Ad.i‘ubﬁ'lmank reQuarts L:’»da.u E
- Toreconcile regimea dominated
Wibhouk Mucli alions = Elastic

an whevel AT= \.g/_

gy

W = elastie energy
( - Cotneides Wi Hn%ga.\’u)m,\'u'on Valee

cluabivua and
behaviour d.omt'na.[’u

of one wnb-celf

ol, S Pon[—a,n,cgm Shraun }

- The extenkion ox,H.g“e\aakc_ "range vartes Hem
AT=3K b AT 2 528K




Exlension 0_\, Hhe “elasbie 'doman
TOO | Al
ladsOu| koo | 240

(athatol 296 | 1990 g a7 o | i
T, | 33 | 33 e

,}or meosk M
Dt\/Dq \4 D = 6&&}3(% a glawcaﬁ
BiVo, | 528 | 197 pehavions 1n Hhe olal

Kitsbeos),| 212 %60 Inferved of Fomperabwe:
KHoL0y| 122 4 M @ Thu (g not h‘w(‘p’v
kel | 130 | 300 DyVoq , Kita 04, RbAg, 28
P\H%Q'Is ) R Whicly Show @ glnanqe inthe
ufical regame. G

F / uchyalrons

©COMMMBN“=2. - AP
(&'(aaha ans f?‘or)t., ';?/on? P{am @#
L f[:noomlplel'e rawél's ,}'M« %w.eWH ffa[mmd g/paa)
( KCI\/jhfa Vs Rb Ag.,fs)_; Pdl.#w /0.&?',0.9()
N Ye Y:d.,](d’i KCN. d_’
o Comnot confirm }oga.lu'/ﬁmra (o reecfion
o 0Mer o{—hﬁnsihbns s hows wnhndéaf»éf, hosnldli.

No_n rloss (cal S!’EZILW Fransitions With N3

0 Simple theorefical Scheme became ypiul anisolroped
gaAec{ ‘oo& L\Md’ud_lﬁouﬁ {W‘L transilions wi b Sha?["-ranxe
(nkeraction=> Ouitical M?anenb clepeno( exchm'velj

on 0,

They have been determined Wi Hh precision(beyond precislen
oL meapurenent )




N=4

n=2

[ n=2%

+0. 110
(+ 0.004)

B |+ 0.325

X 4tk
(tD.lOfDZ)

O The resulte ay o |
| mproper M o §

(OT\Ionx'n& \n(‘%\,@\, O

eloskies : i)

%Uk (ma,n% ol, e

}L\‘rsl’_ord% , and Nno cle

( ordenr- para«mc\-% i nol- oL

(+0.0015)

-0.00%
(4 0.006)

+ 0.3455
(£ 0.002)

- 4.316

(+ 0.0025)

' proper ,}ermelacl’ic_s o

ool 5113
(£0.003)
i ! 0.36Ub5
(40.0025)

A 386
(+ 0.00%)

nd

dor tensors ( \OIEboelecl'n'u

gxpm(cmenlulh&

measwv

branst Hona O1E
o Fechnigue ko
diélectric oF elastie N
Some bansi Frons ol

\vuc l'u.ra,( Han$ Fons

”lerroblf

> Resully maioly obtained 4or
Hhe perovs\m'l-e .\—aml'(q(o( and )
Makedad | ol theory '| o eXP o
K2 Se Oy w0 +0.385
TR | -o.l ¥ 0.33
Rblafy | -0l +0.33
 Colbelag| 0. + 0.5
T| ~0 +0.4
Kttnfy | 0. .2
BaMnb | ~O 0.5
OTi0> | —ol +0.14 £0.4

&

¥

bune)




Matewal | BHheoy [Pecp
RbCak, | 0.925 0.18% 0.62
BLALE, | 0.3¢5 0,28

NaNbO;| . 265 0.1F10.02

. 0.33£0.02
ghTA 03 0365 {0_34-_#_ 0.02
Com«nen}:g
hey Hhan expected

0 « Values S%Mema,l'ican% MM LCh lfu'g ,

lesretical values (p.14 L% £4.2) Which are lose 't

E,X“"E% CrTeDs ,diﬁ@zen& befween meas
and thesdcal B also obvious. alway s smaller
lnaccm.bla

Yo Y_\\_gwh'wi value
L“‘ TFI'OU: treal

o '_’iroposed exp\ana)‘\om}nfb ¢}‘L/§
4 Syctem close o ricutcal egme W
(4] —>4u) A

Te
Y Aeymplohical regime adwmed to be. Lo MT‘T{
A

\'eahybad (n nasow nkewvel amend Te %(
and notaccusible fo measucement. ¢ 14
3| Lnkermediake ouli'eal regrone chaed |
rejlecks @ teduction o) the effeckive S
v

dcmenglon of Helgavem 34— 24

due o Gec:&nda/}d ‘nrerachions co«npeténg with nteraction

determining Hao a,Sla'mproa( regime _—:)4!\10 MPlamh'm
.




@ (}_maxc‘a,\ Lero@lediin
0, odoclass of uniarial “piopes * frroelectic hmansiiae
Conbnin andnug, eamplec O o nfirmed 4econdl - 0rdet
MMC%M and. LMhm_,Kamelnﬂ'Shf(' Pftdld‘ecl [OgM(‘Hi‘ml;ﬂ
Comecltows for Hhe mean - (veld a|(wximalion of Fhedr

ibicel behoniowr. The Q\vea‘}da beal measered cn

TGS and He Arelectie Subce b récty o} FH-SQACoSYne

CQQO("WM‘Cl\lMl:d_g. W A d—u{&ml’-ﬁd with, lp%am.(—hmfa Coweckion

r‘\ﬁ\r Where ot buead Eeﬁxam‘m, . However t['("& torreckious e
dubstontiad and amume @ chonge of onlical rgime
clote %5 T2 . K Cohereney 4 also (acking hefween the
diltovent phusced quontities.

Cubica| €xponewly ;&»» N4
fr 024 Oysheline anisoiropies ploy cuential hole
> Themeheal predhichion lews wniform and PrC<E

b meaSuemeond 10
i bzg;'c%scdfg b I'dena['l'l«lf "M-dewf’”

ooy . pouerre ’
o N g O-%> 4?40 G4 (coaaj.shnl' with H)&ﬂf{)
I’]:Ir%

but alse 20192 0-02
h !a»ge ml-uwﬂ 47

o BiplenylCuby = PX0OS
. g bk ok hose lo Tz

%ﬁf_-,(/ lmfhy/cf podo([gi[,w o) ,La_g[ol'dof;'n? Second- ordes
fraxgilions.




@ ;Eredl'O{"r'ow fk HI\MO_/ nf/vmt Mde). 1

® Tn landou H»emc, g il
. : 4"”""3h“{-c‘g_e_ eulenion plovides
3u‘l{f0la"|" condilon bo Hee op ,}&z,}rmhordm !'mnffton

o ?i‘:;dw“fvof Sﬂ}—)n {'V‘QM,}orm decond - ordes ml'a,,Urcf--dzJa
Viee Ve by tenchmalizing dig k
coelhicvent . ' 3oy Ggn o ¢ degree
[ 4 Sl‘rmi(a)» el n Lﬁ@k{")—“&)ﬁm PH?dt'ah'ﬂn Qlf
anomlm —> 45Forder Unde, wmemibr&t{ 04 inferaction
with acouhe phonons

¢ R&ayrad '—?}bc\whon,\nduwdfjﬂ_@—_@k
Yamilln s absence of skuble Jired point in the

,\—\ow oL hami| fon (ans, ot becaome Hue Lixed p@nm}b(e.

bfwb&m ojr\bmeah}m. F L
{Q(ed oot always exVsts Goliopie ined P

Corvebpond.rag ko lgol’éoprc lr'ed,e%m mVGM'a,nl')
o B0 2y Spetilie sudly reguireal Jon e‘a,c&.
Moy} fonian ,\.wm (am'sD]'ropfc. deagmmmﬂuﬁ)
{5 Exisyene o4 Queme, D,]L-C"ab‘& OL)';red Fpm,f-

Cal ey (afed {r&t his (Q(() and N=6,2
(Mewehu el Fransition )

éizi‘fé’i”‘? Compariton with Lxperimen .




' gr::sc';img ol—ogérfl;\’an |
VDL ¥ A
(dSn Aca 6 1
Vs, S A A
NbySo | ;
Nble | 4 i’
CeuC> | 4 1
CA(ND), | 6 i
Gl (e .
ke NaAZ 6
Cazbho 4 i
BeMnfy | U
N2 Hgtl, LB kg
G NANb DO 4 2
‘ AQ"’OM(QO‘)\ 4 W 2

ot 2l @
[ Ne
‘iw A@"\'ve
No
No
No ,
Ves Ligs\aib’”
? Ll?g‘/‘*%‘
Yes  |Lifshey
No Landou
P (.
Jes | Lifishiy
No | LGy
? | and.ou
el LLM‘@
Neo ( Aebhive

CO'MWL&M S 0 In Voz Vs S4 N@Snnudﬁa"fmﬁ, e Franalisu

OaneLseL(, V602, Bas
Consislent w e, Pr&enoa of Srable Lixed potak.

§

e L rgt magreamw with He @lseuce 9{;
ved point 1y Hheve Ham@howane
Na Nbs O aud Ciz Hio Show Z.“D‘{d&




® Bul Cd (NO3), and Cd Snhs, @re Lirgh- ordes @
d%p{lfe Fhe M’fr a i\raloee Lixed pount.

0 COmf@l.wQAr\ NL& 6305": Lu:u. a gwmd. M f'rantn'h'o_o
a\f“now%'n P Haam'll'vm'an has ho Sl’afa@e Af__fxed Poink,

o The Cubte -orthorhomlne (£33 m - Aba2) € - clomentiond
Onden -~ pou el Ox, e brangilimun Aluminak - Sodalibe
bty o Skable fixed potak, but 4 phase cliagram
Shows uAve bg, A3F and 2" 4y rolos ko tionc Je'omﬁ‘d

\m&a rrachiedd Ponq-.
b con be (nfenred from H«a
hb@d»w(ed Pmn}'
‘hon.
with & 5 He orded Q%an fraxdihon
(Q\%ana g(s F?_vjja noY exclude i::ordu (mi&;ﬂ)
Masence %SFf dop, b € 9™ prde

}l'eu CL"MM) PIQaLLb['l'onC ,}or e[ash‘c,_l'_‘ranft'hbua.
T oxpomentod values with

) §}¢_Eema,h'c oLt'fagxtemerfk 0| exptiame
A non. Clanicel exponendy : B amaller X lmg%,a&q,

X A%
Tackunkions Play Mol inpareat Nl .
] k’Co UAL Eec(!;(\'in% l’hmfmiqnm\z prdes Wi H excelence
0{_. E\a\g& %!’xed Qomﬁ Mk@@nha@d@_@p’a ang N.
¢ Arvariance Witk Cocond . rder magnatic o1 \iquidch-Cryalel
Yrauwsitons, Sraee bl brans thow mee- S(Tvngﬁéméﬂuencwl

by, Wardinal uncontrollable jactp: se condony OE)D%?MQ,

h




