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INTRODUCTION

At low temperatures the thermal, ultrasonic and dielectric pro-
perties of glasses and various types of cristalline solids strongly
depart from current Debye-model, .

Usually these glassy anomalies are explained by the phenomenolo-
gicel tunneling-states model (TSM) /1,2/ without any information about
the nature of the tunneling entities.

Due to the high sensitivity of the dielectric constant to the
Tow-lying excitations ferroelectric crystals serve as excellent
samples for studying the problem and testing any theoretical inter-
pretation of the effect.

The purpose of this paper is to present some typical results
obtained by dielectric measurements on ferroelectric crystals at low
temperatures and to mention substantial characteristics of a new app-

roach to understanding the glassy behaviour, first‘proposed in ]3/.

THE UNIVERSAL DIELECTRIC RELAXATION

In generel, the complex dfélectfic susceptibility of disodered
s0lids exhibits a broad relaxation pe;k at temperatures T 210K,
This is shown, for example, for the relaxation ferroelectric
er.SBaO.S(Nb206) in Fig.t.

Such peaks in the dielectric losses X" do not adhere to Debye-
-theory and can be considered using the universal response (UDR)-1dea,
outlined first in Ref./4/.

Owing to the empirical formula
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1 .o : Fig.1, Dielectric loss peak
Sro5Bap5iNb,0g ) of a SBN (50% Ba)-single
crystal, (w = 104 5-1)-
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with O<n,m <1, W - the angular frequency and a thermally activa-
ted relaxation time T =T;exp(§a/KBT), a three-level fit of the
cha%acteristic exponents n,m and of the attempt frequencyw,= 1/T o
provides a good confirmation of the experimental data and a deduced
activation energy ia‘ The Kramers-Kronig transformation gives the
variation of the real part € (T) in accordance with the experimen-
tal results, ag shown in the inset of Fig.1.

The universality of this Non-Debye relaxation suggests a‘many-
-body interpretation where the characteristic exponents indicate the
inter§ction strength of the ?elaxing units /5/. The value of n
found for the above samples emphasizes the high degree of the dipole-
—dipole interactions in this single crystals. It has been recently
suggested /6/, that the obtained. Ea is only an apparent activati-~

on energy, related to the actual one by:
Ea = (1 - n) Ea .
The obtained activation energy (E;/KB = 74 K) agrees well with the
main Einstein-mode (OE = 73 K) found in the specific heat C of a
SBN (55% Ba) - sample /7/, that causes the C/‘l‘3 - peak just at tem-

peratures near the characteristic plateau in the thermal conductivi-

ty /84.

.

An extension of the UDR-model was proposed to explain both the
analogous effects in internal friction and ultrasonic relaxation be-
haviour of disordered solids and the unifying features of other low-

-frequency fluctuation, dissipation and relaxation phenomena /6/.

THE UNIVERSAL RELAXATION CONCEPT AND THE GLASSY BEHAVIOUR

A further generalization of the universal relaxation concepfion
was shown to give a physical relevant interpretation of the correla-
ting glassy anomalies in thermal, ultrasonic and dielectric properties
/3/. According to that, the thermal conductivitylcen be obtained
using the mean free-path 1(w) of the phonon scattering determined by

the generaliged susceptibility corxresponding to
8(w> = [e;ﬁp(%w/KaT)— 4 ]/-'X” ((}J,—r')- (2)

In general X" 18 a more comprehensive function of w and T
than given by eq. (1) /9/, but in the particuler case using this
empirical}{ormula eq. (2) will provide a smimple explanation of the
well-known plateau in A (T) in terms of the dominant

phonons Wopom

ﬁwDom(Tp)_ x E, < 63)

with T% -~ the mean temperature of the plateau. ‘r
Summing up, at T 1 K the glassy anomalies can be -explained
by means of the universal Non-Debye relaxation mechanism due to
many-body interactions. Therefdére any extrapolation of the TSM
beyond the low-temperature region using various forme of an energy

dependent density of states P(E) /10-12/ is-not required and even

contradicte a growing number of experimental 'data /3,13/%



THE UNIVERSAL RELAXATION BEIOW 1 Kk

At T<1 K the characteristic properties of disordered solids
geem to be in accordance with the prediction of the TSM given in
Ref. /1,2/, suggesting a constant density of states P, . This mo-

del explains, for example, the minimum in the real part of the die-

lectric constant £ (T) at T, as a result of the competitive influ-

ence of resonant and relaxation scattering of the electromagnetic
waves on tunneling states.

At T>T, the relaxation process dominates and a logarithmic

increase of a&/5 = [&(T}Aﬁ(ﬂg}4is observed. However, the measurements

often reveal a lineary dependence of &€ (T) /3,14/. The most distirnct

representation of this was found for a PbTiO3 - ceramic sample,
exhibiting the lineary behaviour for about two decades in tempera-
ture (Fig.2).

Analogous results are not compatible with the above TSM,
even by considering any modified form of P{(E).

To investigate this problem, &£ (T) and the thermal conducti-
vity were measured on two ceramic SrTiOB—samples, prepared by
different burning processes.

A hualitative different behaviour of & (T) was found for the
two samples (Fig.3). Instead of the logarithmic dependence (full
line), obtained for sample 2, a well defined lineary variation

" dashed 1line) in connection with a distinot lower thermal conducti-
vity is observed for the first sample.

Taking into account the strong correlation between the dielect-

ric and thermal anomalies, a proof analysis of the thermal conducti-

vity and dielectric data obtained for the two samples and for a
large range of other disordered solids leads to the following con-
clusions /3/:

A? T< 1 K the characteristic scattering process, responsible

for the approximate T2 ~ behaviour of A , in dielectric (or ultra-
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sonic) measurements is not represented by the logarithmic variation
with temperature ofAE./E but by -the lineary dependence. Then the fre-

quency dependence of this process can be deduced obeying

- XII<CD,T)~ ‘wn~4,T- )



Eq. (4) shows that the universal relaxation concept can be extended
to explain the glassy anomalies also at T<1 K. Thus, for instance,
the T2—variation of the thermal conductivity can be understocd by

considering egs. (2) and (4) with n=1.

CONCLUSIONS

The: obtained linear dependence on temperature of the generalized
gusceptibllity is an important new feature of the universal mechsnism.
This is obviouslythe result of a cross-over from classical to quantum
behaviour of the system, when the temperature is lowerede.

These results have confirmed the hypothesis, first put forward
in Ref. /3/, that the characteristic glassy anomalies, observed at
low temperatures, and the common relaxation behaviour {(frequency-,
time-, temperature-dependence and others) found in various proper-
ties (electric, magnetic, ultrasonic, thermal, .e.) of disordered
golids are the consequences of one general relaxation mechanism
caused by a universal type of many-body interaction. This suggests the
possibility of creating a unitary microscopic theory for the. mentioned

effects probably concerning some fundemental principles of golid state

physics.
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YHuBepcanbHOe penakcauuMoHHoe NnosedeHne AedeKTHuX BelecTs

flpn HU3KUX TemnepaTypax Tensosse, yNbTPAa3ByKOBuE M AMINEKTpUYEcKue
CBOMCTBA CTEKON W CaMwX Pa3HbX TUMNOB KPUCTANNUUECKUX Taepawx Ten MpPoABNALT
CUNBLHOE OTKNOHerne OT Teopuu fleban. 0O6WUHO ITM aHOManNUM PacCMaTPUBANT Ha
OCHOBE (eHOMEHONOrUYECKON Mogenu, NOCTynupyouled Hanuuue HeKoero crnekTpa
HA3KOIHEPIreTUHECKNUX TyHHENbHbMxX BO3OywaeHnH. MOMHO OgHAKO NOKas3aThb, UTO
AaHHy npoGneMy creqyeT paccMaTpuBaTh H3 OCHOBE YHUBEPCANLHOIMO MexanuiMma
MHOIOUYACTUUYHOrO B3aWMOREWCTBUA, OTBEYAOWEro 8 YacTHOCTM U 3a NPOABAEHME,
TaK Ha3HBAEMOW, YHWBEDPCANBHOW ANINEKTPUUECKOW pefakcayuu TBepabx BelecTs
W OpYrux 30¢eKTOB HM3KOYACTOTHHX (DNYKTyauwh W guccunaumm. B pamHoli paboTe
npeacTasneHs HEKOTOPbE TUNUUHLIE pe3ynbTaTh AUINEKTPUYECKUX M3IMEPEHMH Ha
KPUCTANNMUECKMX CErHEeTOINEeKTPUKAxX NPUM HW3KMX TemnepaTtypax. [AawTcA rnasHee
XapaKTepuCTUKK HOBOrO NOAXOAA K AaHHOW npoGnemaTuke.

PaGota sunonnerna B8 JlaGopaTopun BHCOKMX aHepruin OUAW.

Tpenpuut OGbenMHEHHOIO KHCTHTYTa AAepHBIX HccnemoaHui. IyGua 1986

Fischer E.
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Universal Relaxation Behaviour of Disordered Solids

The low temperature properties of disordered solids known as the glas-
sy behaviour are discussed within a universal relaxation approach. On this
basis the characteristic anomalies in thermal and dielectric properties
and their strong coyrelation are shown to be only one aspect of a general
relaxation mechanism caused by manybody Interaction. At the lowest tempera~
tures the generalized susceptibility of the process Is found to obey a Ii-
near dependence on temperature, presumed due to quantum effects.

The investigation has been performed at the Laboratory of High
Energies, JINR.
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