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Abs tl'aot  

The  consis tency of various pseudospin-phonon mode ls
with a number of appal'ant ty disagPeeab te ezperiments al'e 
ana Jrssd, wi th the purpose to confiPm positive Pesu tts of 
the theory and ezperimen t, to ezp tain disagPeemen ts and to 
,oint out  the prob tems and s9me new phenomena which need a 
comp tete theoretica t  as we t t  as a pre cise ezperimentat 
Peseal'ch.  

The iua ti tative and �uan ti tative agreeemen t of the 
ps eudospin mode t as associated wi th the tunne t ting pro ton 

. h . h h d b d l , B • 7 d . • 7 •  • wi.t i.n t e y !"Ogen on s , i.nc �u i.ng i. ts genel'a �i. aa ti.on
towal'ds the mi.zed tunnet ting - pseudospin - phonon (heavy
ions - K, P, 0) •ode t Hami t tonians3' 4 (a t t  no tatins as in
Refs . 3, S ) , 
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wi th ezperimen ta t resu lts ob tained by various techniques 
(IR, RS, NS and NMR mos t ly )  is  the , predominan t subject of the 
pl'esen t ana lysis . The theol'e tical Pe su t ts of Vi t lain-author3 

and Kobayashi 4 ( VSK) about a qua litative behavioul' of the
fel'ree l•ctric mode is  comp leted by a quan ti tative eztimation 
(T. l )  of  basic mode pal'ameteps : 
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T. 1 .  Theozte tica l
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This enab les a s traigh t�forwaztd tes t  for the physi ca l basis 
of �he genera li sed mode l i tse lf as we l l  as the to ta l set of 
theozte tica l ztesults fo l lowing fp,om i t .  Pop the same subject 
and at the same time wezte ana lysed the resul ts of o thel' authors 
as based on the VSK mode l Ol' based on recent  simi lal' mode ls�-8

Having in mind the impol'tance of the isotope effect  
( the  ztep lacement  of H by D) as  a possib le tes t of the vali­
di ty of exi s ting theoztetica l mode ls, this pztob lem is pal'ti­
ou iary and oztigina l ly e lab tll'a ted. Apart from a series of 
origina l commen ts and auzi liazty de tai ls in a wide ly conce­
ived ana lysis we s tated hezte on ly the theore tica l isotopic 
ratios fol' the cztitica l  tempeztature (T ) ,  CuPie cons tan t
(C) sat�l'a tion po lariaation (P

8
) and soft mode parame tel's (P, Q) .

TD 
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( 4 )  

T h e  above •s timations are near ly i n  the exce l len t 
• h • z z 9-1 1  agreemen t w-z. t exper-z.men ta resu ts (see,  a lso T . 2 ) .

T. 2 .  The energy and soft mode parameters as iden tified
(di rect ly or indirect ly )  from various experiments 
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(NS) coh
RS 48 5 0 

IR 
(After : Sti 'Lt.er et  a t. . ( " ) ., Pau l. et  a t. . ( H) ., 

Kamino� e t  a t .  ( + ) ., She - Broberg (++)

Pat.ah et  at..  (z) (units t.ike in T . 1 ) .
It  is  �orthwhi t. e  to note tha t the dynamica l. mode l. of

N k • ,LB 
' th 

' ' 1 2  ' t. 
' • dova ov�c ., w� � ts eztens�on , �s a so �n '1:'� te a goo 

agreemeKt �i th a wide ezperimen ta t. evidence . But i t  fai t.s 
in predi c ting the isotope effect  ratio of the soft mode 
parame ters (probab ly due to inaccurate re lations het�een 
mode l. parameters) .  

Since the neutron diffrac tion is one of the mos t  suitable 
me thod to tes t the majori ty of theore tica l. resu l ts a specia l 
a t ten tion is paid to 'Qt. l kinds of NS (bo th coheren t and inco­
heren t;  a t.so e las ti c., quasie t.astic and ine las tic) . 

In a l l differen tia l cro�s sections (intensi ties) ., a 
predominan t ro t.e has the characteris tic "interference effe ct " 
by Sti t. ler1 3  and the author

1 4
., �hich turns out to be  a direct

consequence of the  proton tunns t. t.in� around its  equi librium 
posi tions on the hydrogen bond . By this effect., in connection 
wi th the characteristic behavionr of the ferroe lectric (soft ) 
mode in the cri ti ca l  region, a long time after the famous mea­
suremen ts of Bacon and Pease 1 5

., the pro ton tunne l. ting �as
dsfini te ly estab t.ished1 6  and so was the cooperative atomi c disp l­
acemen ts according to the VSK mode l. and its visua l s�hemi tic 

• l'l  h • ' h represen tat�on • T e  mos t �mportant ezper�men ts among t ose 
. 1 8-1 9  2 0-2 3  2 4 . 2 5 2 6  

men t�oned (IR ., RS  , BS  and part�a l ly NMR , NQR .,
and EPR2

'1 )  are ana liaed in a t t.  asp ec ts having inc luded the  mode
ana lysis of Shur by group theore tica l  methods 2 8 (B2 , A 1 , E
and modes of o ther symme tries)  (T . 2 ) . 

A s  to gratify,  in the recent eztraordinary monograph 
of B line and Zekl2 9, join t ly wi th the monograph of Novako-
vic30

., the  greater part of the presen t subject has been
e lucidated for a wide class of KDP isomorphas . A ccording to 
their ana lysis., the NMR., NQR and EPR ezperiments are by a t. l  
means consis ted with the tunne t.ing - ps eudospin-phonon mode l .
Ne verthe t t.ess,  a quan ti tative tes ts toward such a mode l are 
lacking as yet . 2(i5 



To conctudB it  shoutd be emphasised that various conce­
pts of the pseudospin mode ta in contez to a number of appa­
rant ty disagreeabt e  ezperiments is discussed with the purpose 
to confirm positive resutts of the theory and ezperimen t, to 
ezp tain disagreements, and to point out the prob tems and 
severat new phenomena appe ting for a comp tete theore tica i 
( a need for a unified theory of  ferroetectrioty 3 1 , 32 ; D -
vibrations,  to improve cross sections oonsistent ty to 
eminant mode ts3 3; prob tems of universatity and of centra t
peaks 34 ) as wei i  as a precise ezperimenta i research (NS
at sma U angtes to "eztract 113 S  

the "hidden informations " and,
36 contrary, at targer values of momentum transfer - to

distinguish tunne t ting from vibrating, etc. ) .  
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