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Abstract 

The anomalous ultrasonic attenuation etc o f longitudinal waves propagating along (100) 
direction in Barium Titanate single crystal has been analyzed above the phase transition 
temperature in the frequency range 4-10 M H z in the paraelectric phase. Critical attenuation 
varies as a> and a>2 i f third - and fourth - order enharmonic interactions considered 
respectively. Frequency and temperature variations o f attenuation are discussed. 

1. INTRODUCTION 

The ultrasonic studies have played an increasingly important role in 
characterizing the behaviour of a system near the co-operative phase transitions (co­
operating ordering of the dipoles which gives rise to the spontaneous polarization, is 
destroyed by thermal agitation above the Curie temperature) and critical points. One 
advantage of the ultrasonic measurements is the fact that the static and the dynamic 
properties of the system can be simultaneously measured. Low frequency acoustic 
velocities provide precise information about the equilibrium adiabatic properties of the 
system and the effects of the temperature, pressure and external fields can be readily be 
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studied. Ultrasonic attenuation data provide information about the dynamic behaviour 
and from the frequency and temperature dependences, much can be learned about the 
mechanisms involved. 

Theoretically new ways of describing and critical phenomena in terms of 
fluctuation correlations have been of great importance. The large variations in the 
velocity and the strength of the attenuation near a transition are usually referred to 
'anomalous'. Such special variations are now described as 'critical'. As revealed 
experimentally as well as theoretically1"14, the soft or the ferroelectric mode plays an 
essential role in displacive ferroelectrics. That is when the temperature approaches the 
paraelectric Curie-point T c (or in some cases structural phase transition point T 0), the 
frequency of the soft mode becomes yanishingly small resulting in an increase of its 
amplitude. This anomalously large amplitude should influence the acoustic mode via 
phonon-phonon interactions and is expected to give rise to an anomalous behavior of 
sound near T c or T 0 . Barium Titanate qxhibits a number of advantages over the formerly 
known ferroelectrics, such as: high mechanical strength to heat and moisture, presence of 
ferroelectric properties within a broad range of temperatures and ease of manufacturing. 

Barium Titanate has attracted universal attention of researchers and has found a 
wide practical application. Heuter and Neuhaus 1 5 have performed experiment and 
reported on sound attenuation as a function of temperature and electric field in a 
displacive ferroelectric BaTiCb near T c. Baluni and Naithani1 6 have measured the 
acoustical attenuation in Barium Titanate pellets. Naithani and Semwal 1 7, Deorani et.al. 1 8 

have also derived expression for attenuation constant in displacive ferroeletrics. The aim 
of the present work is to study attenuation constant in BaTiC»3 above the phase transition 
with the variation of frequency and temperature and to correlate the results with the 
results of other workers. 

2. CALCULATIONS 

2.1 Temperature dependence of attenuation constant 

Ultrasonic wave is treated as a nearly static strain which modulates the 
equilibrium populations of the thermal phonons. Since the modes require a finite 
relaxation time to adjust to the new equilibrium populations, there is a phase lag with 
respect to the strain and an acoustic loss. In the structural phase transitions, there exists 
anomalously large fluctuations of the order parameter which corresponds to the 
excitation of certain phonon modes. These fluctuations cause anomalous absorption of 
the sound waves as well as shift in the velocity due to coupling of the elastic strains and 
the soft phonon modes. It has been shown by Tani and Tsuda9 that critical slowing down 
appears directly through damping. 
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In the present work, we shall use the method of double-time temperature 
dependent Green's function which has already been applied successfully and extensively 
for a variety of interacting systems in the past. Most of the physical properties of the 
system can be expressed in terms of these Green's functions and they directly lead to 
thermally averaged observables. The poles of the Fourier-tranform of the Green's 
function give information about the elementary excitations. It is this very aspect of the 
Green's function method that makes them so useful. 

To derive an expression for the attenuation constant, we consider the following 
Green's function 1 9 for the acoustic phonons, 

G k k ' ( t - t ' ) = « a k

a ( t ) ; a k

a , ( t ' ) » . (1) 

Using the modified Silverman Hamilton2 0 (eqn.8 of reference 20) for ferroelectric 
perovskites. Writing the equation of motion for the Green's function (1) with the help of 
this modified Hamiltonian, Fourier transforming and writing it in the Dyson's equation 
form, one obtains 2 1, 

G((D+i8)=8kk'/27l[(D-(Dk a + irA(©)] (2) 

where Ta (©) is the damping constant in presence of anharmonicity. Expression for Ta(u)) 
in these perovskites has already been obtained in our previous studies 1 8 and it has been 
shown that the presence of scattering, anharmonic and resonant interaction terms increase 
the value of (A(®), which is also known as the half width of the response of acoustic 
phonons of mode k.This increase is obtained via the stabilized soft mode frequency Q, 
which has an imaginary value in the harmonic approximation but is stabilized in presence 
of higher order anharmonic term 2 2. If one is interested in the anomalies and temperature 
is not too high, the temperature dependence of Q is given by 1 7 &~K(T-TC), K being a 
temperature independent coefficient. 

The attenuation constant is given by 9 

a A ( © ) = rA(<»)/c, (3) 
where c is the sound velocity. In our previous calculations18 we have discussed [A(<O) for 
displacive ferroelectrics and discussed the cases of SrTiC>3 and KTaC«3 qualitatively as 
well as quantitatively. The aim of the present study is to discuss the variation of 
attenuation constant with temperature and frequency in BaTiC«3 single crystal. The 
temperate dependent attenuation can be expressed as 

ctA (©) = [A, (©) + {A 2 (©) + A 3 (o)/(T-T c ) l / 2 + A4 (©)/(T-T c) 3 / 2}T + 

{A 5 (©) +A6 (©)/(T-T c) 3 / 2+A 7 (©)/(T-Tc) 2 } T 2 ] , (4) 
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where A\ is the temperature independent term and A * (i=2-4) and A/ s (j=5-7) are the 
coefficient of T and T 2 respectively A * and A/' are dependent upon higher order 
anharmonic terms. The above expression does not give the explicit temperature 
dependent a a(o)) because of the renormalized effects. Anharmonicity is necessary in the 
crystal to observe these effects. It is clear from (4) that as T->T C , attenuation constant 
increases anamalously in agreement wifh the results of Tani and Tsuda9 and Pytte 2 3 . In 
the vicinity of Tc, the attenuation constant increases anamalously. However, in the low 
temperature range for the reduced temperature t[=(T-Tc)/Tc], one can approximate (4) as 

a A ( u ) ) * A 4 ( Q ) ) { T / T - T c ) 3 / 2 } , (5) 

which is same as obtained by Tani & Tsuda9. Thus in the low temperature range, the law 
ctA(o)) oc T/(T-TC) 3 / 2 can be valid to a good approximation to study these properties 
quantitatively. 

Fig.l shows the raw attenuation (a) for longitudinal sound wave in BaTi03 
ceramic 2 4. In the present study only the net critical relaxation attenuation(ctc)associated 
with the critical fluctuations above phase transition temperature T c is concerned, so the 
remaining attenuation by extrapolating from the attenuation at much higher temperature 
should be subtracted as a background. The background attenuation is small, frequency 
independent and temperature insensitive. Taking data from reference 24 and plotting occ 

V s T/(T-TC) 3 / 2 we obtain a straight line (fig.2) showing the agreement with our theoretical 
results in equation (5). This law is found for the reduced temperature t = (T-T c)/T c 

between 1.07 x 10"1 and 2.30 xlO"1. a,, is equal to 0.4x 10 2 dBm'1. 
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Fig.l Attenuatioin constant Vs temperature in the case of BaTi03 single crystal (Ref. 24) 
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Fig. 2 Critical attenuation Vs temperature in the case of BaTi03 single crystal 

2.2 Frequency dependence of attenuation constant 

Our previous paper1 4 shows that frequency dependence of attenuation is given by 

c c a ( © ) = ai+a2 to + as©, (6) 

where ai is the constant term, independent of frequency and temperature, a.i is a constant 
at a particular temperature and depends on forth-order anharmonic term, is also a 
constant at a particular temperature but varies with temperature and depends upon third-
order anharmonic terms. 

The co2 dependence arises due to forth order anharmonic interactions, the © 
dependence arises due to third order anahrmonic interaction terms. If we consider third 
order anharmonic interactions only, then equation (6) gives 

o i a ( g > ) * ai+a3©, 

Garland et.al. 2 5 has given an expression for attenuation as, 

a=ao +otc. 

Comparing equation (7) and (8), we get 

(7) 

(8) 
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Oo * ai (9) 

and a c » a3©. (10) 

Eqn (10) shows that the critical attenuation varies linearly with to, which is in prefect 
agreement with our previous experimental results1 6 and the experimental as well as 
theoretical results of the other workers 9 i 2 3 > 2 6 , 2 7 . 

If we take fourth-order anharmonic interactions, then from eqn.(6), one gets 

a A (©)» ai + a 2Q) 2, (11) 

Comparing eqn.(l 1) with eqn.(8), we get 

and etc * a 2co 2 , (12) 

where the a> dependence of attenuatioq is in agreement with the phemenological theory 
and the result of other workers 2 5 , 2 8 > 2 9 . a$ is calculated by best fit of data (ref.24) from fig 
(1) to equation (12). So a ^ l x l O ^ V m " 1 at temperature 125°C and frequency 10 MHz. 
The variation of ctcVsf 2 is shown by us (fig.3 here). 

Thus ctc=l .62f dBm' 1, (13) 

where f is in MHz. Fig. (3) shows ct cV sf\ which comes to be straight line in good 
agreement with the co2 variation of the attenuation constant in the frequency range 4-10 
MHz. 

T= 125° C, AT* T-Tt » 3°C. 
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Fig. 3 Criticcal Attenuatiion in BaTi03 single crystal as a function of frequency 
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3. CONCLUSIONS 

Expression is obtained for the sound attenuation constant in Barium Titanate 
displacive ferroelectric single crystal with the help of Pytte's modified Hamiltonian, 
which includes anharmonicity upto fourth-order and using Green's function technique. In 
the vicinity of the phase transition temperature, the anamolously increasing sound 
attenuation is the consequence of the soft mode. The attenuation of sound waves is 
primarily due to strong interaction with thermally excited phonons in the soft mode. 
Attenuation constant as a function of temperature and frequency is studied. In deriving 
the expression for attenuation constant, different authors have used different methods, 
approximations and symbols. In the treatment adopted here we have used Green's 
function technique and the Dysqn's equation treatment in presence of higher order 
anharmonic, resonant interaction and scattering terms in the model Hamiltonian.The 
Dyson's equation treatment has been found convenient to drive the shift and width of the 
frequency response function and hence to describe the properties of ABOj type 
ferroelectric crystals. The values of constants are taken from reference 24 by best fit of 
data method and feeded into the expression for attenuation constant obtained by us. The 
results obtained are in good agreement with previous experimental and theoretical 
results. Anharmonicity is necessary in these crystals to observe frequency and 
temperature dependences of the attenuation constant. 

Here we find that in the high temperature limit, attenuation varies as T/ (T-T C ) m . 
This also explains the anamolous attenuation in the vicinity of critical point Tc. Soft 
mode frequency is held responsible for the acoustical anomalies near the phase transition 
point.. For third order anharmonic interactions attenuation varies as oo and for forth order 

IS 

anharmonic interactions it varies as co The case of a doped ferroelectric crystal will be 
discussed in a separete study3 0. 
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