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Abstract

The unified tunnelling model Hamiltonian describing
both "order-disorder" and "displacive" ferroelectric pha-
se transitions is proposed by introducing the non-ortho-

gonal (overlaping) "eigenbasis”™ in the pseudospin space.

In the last several years a considerable effort
has been made to describe the ferroelectric phase tran-
sitions of various types ("order-disorder", "“displacive"
and mixed) in the frame of only one universal modell_s.
In the meantime we also have tried to formulate the ge-

neral ferroelectric model7 by introducing two order pa-

rameters, the average population (ca(T) %(1 + aoz))

for one of two equilibrium positions, « = +, -, and the
average displacement (na(T) = @ba (T)) of active atoms
as determined in the scheme of the self-consistent pseu-

dospin-phonon approach (see, also, Ref. 8).
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However, so far the inherent quantum-mechanical
effect manifested in an occasional jumping from one well
to another (in a single-particle double minimum poten-
tial) has not been explicitly taken into account. As an
exact analytic description of whole dynamics is rather
unfeasibleg, we propose the "left-right" representat::ton'o
of our previous Hamiltonian7 in the non-orthogonal pseu-
dospin "eigenbasis". In such a way, in addition to the
conserved phonon picture (which is missing in earlier ap-

11'12) the statistical disorder and tunnelling

proaches
motion of active atoms are also incorporated as an addi-
tional degree of freedom. Further, having approximated,
respectively, the single-particle QOuble well potential
by an anharmonic oscillator potential and. atomic pair-

-interaction only by harmonic terms, the hybridized tun-

*
nelling-pseudospin-phonon Hamiltonian we need becomes .
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Here ﬁiu = 21 + 0,8 +qisi and Pi, =M sia (i, =1,2...,N)

are the coordinate and momentum of active atom §1a=31a+31a

—
Of course, the physical concept herein i8 essentially dgg-

ferent from the pseudospin-phonon model in KDP-crystals



being the sum of its off-center equilibrium displa-

> >
cement (bia) and the thermal fuluctuation (uiu))oix

and oy, are x and z components of the pseudospin ope-
rator; A and B define, respectively, the height of the
potential barrier, Uo = Az/(AB), and the distance between
the two potential minima, d°=2 V_Z7E-whereas ¢:j is the
harmonic coupling constant; The overlaping constant e

is estimated in some model calculations (see, for instance,

Refs. 14-18).

As to conclude we hope that our novel unified model
could give some initial hint to yield deeper insight into

the nature of ferroelectricity at all.
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