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ABSTRACT

The unified model Hamiltonian describing both "order-disorder”™ and
"displacive" type ferroelectrics is extended by introducing simultaneously
right from the beginning the phonon vibrations, statistical disorder and
tunnelling motion of active atoms.

AHHOTALWMA

MoAenbHbIi raMuibTOHWAaH, OMNUCHIBaWWMA CErHeTO3/1eKTpUYecKne ¢pas3oBble Mne-
pexogbl Kak Tuna ''nopsgok-6ecnopsgok’, Tak M Tuna '‘cMelleHmsa' obobwaeTcsa 418 O4HO-
BPEMEHHOro y4yeTa BCeX TUMNOB ABWKEHUS aKTUBHbIX aTOMOB: (OHOHHLIX BMOpauuin, craTuc-
TUYECKOro ynopsigovyeHus un adpekTa TyHHEMpoBaHUS .

KIVONAT

A "rend-rendezetlen” tipusu és a '"racstorzulassal jar¢" ferroelektromos
fazisatalakulasokat egyarant jol leirdé modell Hamilton-operatort ugy altala-
nositjuk, hogy az az aktiv atomok mindharom tipusu mozgasanak - vagyis a hérez-
géseknek, a statisztikai rendez6dés! folyamatokkal, valamint az alagut-effek-
tussal kapcsolatos mozgasoknak - szimultan figyelembevételére alkalmas legyen.



The authors have recently proposed the unified theory
of ferroelectrice [I3 taking into account both statistical
disorder and phonon vibrations of active atoms. Starting

from quite a general Hamiltonian

H =2 {| /Y
by representing the atomic coordinate as
Ri - <+ < s TSV M 72/

and by expressing the potential energy by the first two
terms of the Taylor expansion/ some kind of a hybridized

phonon-Ising Hamiltonian has been obtained

H,M{"—Tbo/os'i

&N /3/
Cs/-»
In the above expressions denotes the atomic site-posi-
Lo T [ o
blon;5;n=4"+ u f&d iIs the sum of the off-center

equilibrium displacement ( 4tet) and the thermal fluctu-

ation ( of the atom moving iIn a double well potential
VC™1) ; Pcet=m “cec represents the “left*
and "right“ atomic momentum; — jo- (J+ &€Hx.)

iIs the projection operator simply expressed by the z-pseudo-
spin component; "F("R.-"R.1) iIs the familiar inter-
action between a pair of atoms C 1~ ; A
and B define, respectively, the height of the potential

barrier, C/0* A2/4B , and the distance between the two



potential minima/ <f0=n A3 -

After the self-consistent pseudospin-phonon procedure
a closed system of equations for two order parameters

N and = as functions of the re-

duced coupling constant (Ff,* - w - JG) and tempe-
rature has been obtained and solved numerically. Further
it follows that the ferroelectric phase transition can be
either of the order-disorder type or of the displacive
type or mixed;(in these cases the transition of I, 11 or
mixed order 1is possible”™ - depending on the ratio of two-
-particle potential to the single-particle potential.
However/ in this model the inherent quantum-mechanical
effect/ manifested iIn a single-particle tunnelling motion
of active atoms between the two potential minima has not
been explicitly taken iInto account.

Such a peculiar motion imposes some kind of the
over-Heisenberg uncertainly relation (in the coordinate

or pseudoepin picture}

ol0 jjISiim “Kj /57

(m - the mass of active atom and
and % (*;) being, respectively, the
real wave functions of the "left"” and "right" atomic sta-

tes of the single-particle Hamiltonian, H £ ; see, also.



Refs. M. O f for which no satisfactory "narrowing' has
been obtained so far, even theoretically.

As an exact analytic description of dynamics induced
by /1/or /3/ is rather impossible we propose a novel appro-
ximative scheme which takes into account all the iIntriguing
features of the ferroelectric phenomenon, 1.e., the tunnel-
ling, statistical disorder and phonon vibrations of active
atoms, in the frame of only one universal model.

To realize such a concept we introduce the "left-
-right” representation of the Hamiltonian /3/ using the non-

-ortogonal pseudospin "basis"
! slr>=a(*)+i(});

(0Ccc € il 14:&-), Y4
which corresponds to the atomic localization in the left
(0 or right (r”~ single-particle potential well 1in the
limit of a non-penetrating barrier (UO- e The co-
efficients a and b are determined from the completness con-

dition (ex*—=~ &= 1) jointly with the overlap integral

After a straightforward procedure the Hamiltonian

/3/ i1s cast iIn the form we need

To explicit these functions, some approximative calcu-
lations can be used - [/J provided that the ground

state doublet yields a predominant contribution.



Ve

H=i X I ~ -~ + <tfe>+* ITAO*. ]*
es
o ow su- VO« +
».
+r 6|’**7*+ +b|B AN~ @“_/\i*_)‘ IV

It is evident that this Hamiltonian takes the previously
cited form /3/ for & ssO .

Advantages of such a novel model Hamiltonian are
obvious: 1In addition to the conserved phonon picture
(which 1s missing iIn earlier approaches £3[, [ 8jJJ the tunnel-
ling motion 1is also incorporated as an additional degree
of freedom (the displacements and the pseudospins are mu-
tually independent but time-dependent variables™]. Therefore,
our new model can reproduce the pseudospin (diffusive or
polarization™ waves abreast to all phonon modes iIn the
system as well as the collective motion of atomic clusters.

In the conclusion we point out that the present model
is favoured by recent computer simulations [9] and, among
others [loj , should be iInvoked for reasons of univer-
sality (see [loj and cross references]. Finally, the model
proposed here by means of a more accurate self-consistent
procedure (including the symmetry point of view at zero
temperatures £n], N could give an initial hint for
deeper insight iInto the nature of ferroelectricity in gener-
al. Such iInvestigation in addition to the previous analysis,

will be the subject of our future work.
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