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In the present work, the effect of the temperature on Rayleigh velocity V5 of
superconductor material type Bi2212 is studied, focusing on the modelling of
both the reflection coefficient R(0) and the acoustic signature V(z). Conse-
quently, the study allows us to deduct the velocities of the acoustic waves of
surface and volume, following their evolution as functions of temperature.
The study is carried out in case of porous and non-porous superconductor ma-
terial type Bi2212 in a temperature range from 10 to 295 K and with work
frequency of 600 MHz. This modelling study is based on experimental results
obtained on porous and non-porous Bi2212 superconducting materials in the
temperature range of 10 to 295 K at a frequency of 600 MHz.

Key words: Rayleigh velocity, reflection coefficient, acoustic signature, su-
perconductor type Bi2212, porosity.

Y paniit po6oTi ZOCHiIKEHO BILIUB TeMIeparypu Ha PejeiioBy mIBUAKicTE Vi
HaAnpoBigHOTO Marepisxy tumy Bi2212, zocepemKyiounch Ha MOAEJIOBaHHI
KoedimienTa BigouTTa R(0) Ta akycTuuHOI XapakTtepuctuku V(z). HocmimxeH-
HS YMOXKJUBJIIOE BAPAXyBaTH IIIBUAKOCTI IIOBEPXHEBOI i1 00’eMHOI aKyCTHU-
HUX XBUJb 32 IXHBOIO €BOJIIOI[I€I0, 3aJIE}KHO Bix TemmepaTtypu. JocaigxeHHA
IIPOBOAUJIOCA [JIsI BUIIAJKY IIOPUCTOTO Ta HEMOPHUCTOr'O HAAIIPOBIZHMKOBOIO
marepiany Tuny Bi2212 za remnepatypu Big 10 no 295 K ta po6ouoi uacroru y
600 MTI'mi. Take MmozenoBanHA 6a3yBaiocs HA €eKCIIEPUMEHTAJIbHUX Pe3yJIbTa-
TaxX, OJNEP:KaHWUX Ha NOPUCTUX 1 HENMOPUCTUX HANIPOBIAHMUX MaTepidmax
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Bi2212 B mianasoni remmneparyp Big 10 7o 295 K 3a wacroru y 600 MTI'.

Kuarouori caosa: PeseiioBa MBUAKICTE, Koe(illieHT BifOUTTA, aKyCTUUYHA Xa-
paxTepuCcTHUKA, HaAOpoBigHuK Tuny Bi2212, mopucricTs.

B mamHO# pabore m3ydasoch BAMSAHNE TeMIepaTypbl Ha CKOpocTs Pamea Vi
CBEPXIIPOBOAHUKOBOTO MaTepuaJia tuiia Bi2212, cocpegorounBasich Ha MOJe-
aupoBaumuu Koadduimenra orpakenud R(0) 1 aKkycTUUeCKO# XapaKTepUuCTH-
Ku V(2). NccaemoBaHue IO3BOJISIET PACCUUTATHL CKOPOCTY ITOBEPXHOCTHOM U
00BEMHOIM aKYCTUYECKUX BOJH, CIEAYS UX dBOJIOINUN B 3aBUCUMOCTH OT TEM-
nepaTypsl. MccieqoBanue IPOBOAMIIOCH AJISA CIAyYasi IIOPUCTOTO U HEIIOPUCTOTO
cBepxnpoBogHUKa Tuna Bi2212 npu Ttemmepartype ot 10 mo 295 K u paboueit
yactore 600 MI'ti. Takoe MomennpoBaHre OCHOBAHO HA SKCIEPUMEHTAJIbHBIX
pesyabTaTax, MOJYUYEeHHBIX HA IOPUCTBIX M HEIMOPUCTBIX CBEPXIIPOBOLAIINX
marepuanax Bi2212 B pumamasone Temmepatyp or 10 mo 295 K ma uacrtore
600 MT'x.

KaroueBsle ciioBa: CKOPoCcTh Pases, KoahuiimeHT oTpaskeHusi, akycTuyecKas
XapaKTepUCTUKAa, CBePXIIPOBOAHUK TuIa Bi2212, mopucrocTs.

(Received December 28,2017 )

1. INTRODUCTION

The non-destructive control technique (NDT) was strongly contributed
in characterizing and best understanding of several materials [1, 2].
The scanning acoustic microscopy developed by Quate et al.[3, 4] is the
one among the non-destructive characterization techniques widely
used for determining both the elastic proprieties of a material and
their different propagation speed such as longitudinal (V,), transver-
sal (V;), and Rayleigh velocities (V). Since this technique has been
used for characterizing various superconductor compounds [5—10],
therefore, our study was devoted to carry out the modelling of the
acoustic signature V(z) and the reflection coefficient R(0), in case of
porous and non-porous superconductor compound type Bi2212, in or-
der to determine the evolution of the velocity of wave surfaces (Ray-
leigh velocity) as a function of temperature.

2. THEORY
2.1. Coefficient of Reflection

The determination method of the coefficient R(6) expression by using
the mechanical balance, the continuity of constraints and the dis-
placement to the interface has been developed by Brekhovskikh [11].
The reflection coefficient for a massive material is given by the follow-
ing expression [12]:
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Z,V, cos® 20, +p,V,sin* 20, - Z,, )
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R(O) =

where Z,,, is the acoustic impedance of liquid, Z, and Z; are the longi-
tudinal and transverse acoustic impedances of solid, respectively.
The total impedance in a solid is given by the following equation:

Z,, = Z, cos*20, + Z, sin” 20, (2)
but
RO) = £2Y1_cos? 20, + PV gin? 20, . (3)
cos 0, cos 0,

We get the relation of the well-known reflection coefficient in
acoustics as follows:

Z,. —7Z,
Re — Tot lzq. 4
(0) 7 7 (4)

Tot lig

In the general case and under any impact, the angles of refraction 6;
and 0,, and subsequent the acoustic impedances Z; and Z; are complex
numbers. The reflection function may be expressed, therefore, follow-
ing the complex form [12]:

R(6) = I exp(j¢), ()

where I' is the module of R(0) and & is its phase (Figs. 2—4).

2.2. Acoustic Signature

By definition, the variation of the signal tension of exit V as a function
of the distance ‘z’, separating the focal point of the lens and the sur-
face of the sample are known under the name of acoustic signature V(2)
that plays an important role in the image constraints. The curve of
acoustic signature may be experimentally obtained by recording the
variation of the signal amplitude in a function of vertical displacement
z of the lens to the sample[12].

The expression of the acoustic signature is given by the following re-
lation[13]:

6,

V(z) = j P*(B)R(0) exp(2jk,z cos 0) sin 0 cos 0d0, (6)

0

where k,—number of wave in the coupling liquid, z—defocusing of the
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sensor with respect to the focal length, R(6)—ability of material reflec-
tor, P(6)—pupil function of the lens.

The different models of the acoustic signature calculation require
the knowledge of reflector ability of structures as a function of wave
incidence. The model widely used is that of Sheppard and Wilson [14].
The period Az of the acoustic signature V(z) may be determined accord-
ing to the signal treatment techniques, such as the fast Fourier trans-
form (FFT), which is known as a spectral method used in signal treat-
ments.

On the other hand, the acoustic signature V(z) formed of the pseudo-
periodic signals (Figs. 8, 9 and 10), and the periodicity Az of the inter-
ferences provide the information about the acoustic wave of surface,
and subsequently, it may be calculated according to the following rela-
tion [12]:

Vi
Az = —-—T—r (7
2(1 -cosB,)

where Vy,—velocity of coupling liquid, 6,—Rayleigh’s critical angle.
Thus, we can deduct the velocity of surface wave propagation (or ve-
locity of Rayleigh), using the following relation [12]:

%4 1-|1 Vi T 8
= Vig —( _@j ) (3)

where f—frequency of work of the acoustic microscope.

3. RESULTS AND DISCUSSION

In this work, we studied the evolution of Rayleigh velocity as a func-
tion of temperature ranging from 10 to 295 K, and in case of porous
and non-porous superconductor material type Bi2212, along with po-
rosity rate of 0.32 and 0.50. Herein, we established the relationship
between the Rayleigh velocity V, and the temperature T for a constant
work frequency equals to 600 MHz. Since our study is a modelling, we
focused on the experimental results obtained by Chang Fanggao et al.
[15]. Their results gave the variation of the longitudinal and the
transversal velocities as a function of temperature for the studied su-
perconductor material.

Figure 1 shows the evolution of different mode velocities that prop-
agate in the superconductor material type Bi2212 (case of porosity rate
of 0.32) as a function of temperature.

We can notice that the transversal and longitudinal velocities [15]
decrease when temperature increases. Since the surface mode (Ray-
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leigh) is related to the different modes of propagation of longitudinal
and transversal waves, the decrease in these velocities as a function of
temperature would directly affect the mode surface. This promotes us
to develop a program, leading to obtain the reflection coefficient R(0)
(module and phase) and the acoustic signature V(z) of the studied ma-
terial. In the present work, we have used the methanol as a coupling
liquid to avoid the recovery of modes type Bi2212, counter to water,
along with a work frequency of 600 MHz.

As shown in Figs. 2, 3 and 4, the modelling of reflection coefficient
R(0), (amplitude (a) and phase (b)) allow us to deduce the angles of dif-
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Fig. 1. Evolution of transversal and longitudinal velocities of Bi2212 as a
function of temperature [15].
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Fig. 2. Variation of the reflection coefficient R(0) as a function of temperature
of Bi2212 (p = 0).
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ferent mode propagations of longitudinal, transversal and Rayleigh
waves for the three temperatures and the porosity of 0.32, 0.5 and 0.

The values of the critical angles of different longitudinal (6;) and
transversal (0;) modes are determined from the module of reflection
coefficient R(0), whilst the critical angle of Rayleigh 0, is obtained
from the phase R(6), using the Snell-Descartes rule:
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i 150 —T=200K 16, a0, |
0.95 | 1 ---T= 295K - I (1
1 100} | T
1 @ b | TR
; i o It E]
0.90 Essunype.d i & 0% -
e | ] A
~ HE - 0 Hliged i
: e Hpr
0.85] ,- 50| |7
1 HYA
! Hiki
-100¢ Hiy
0.80 | i
-150! i
i
0.75 : ; - - . -200 . . ‘ ‘
0 10 20 30 40 50 60 0 10 20 30 40
0, degree 0, degree
a b

Fig. 3. Variation of the reflection coefficient R(0) as a function of temperature
of Bi2212 (p =0 and p=0.32).
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Fig. 4. Variation of the reflection coefficient R(0) as a function of temperature
of Bi2212 (p=0and p=0.5).
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I/liq I/liq I/li
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Since the coupling liquid velocity (methanol) equals 108 m/s, we
note that the increased temperature leads to the displacement of criti-

cal angles: 6., 0 and 6, reach to the higher angles. This is due to the de-
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Fig. 5. Variation of reflection coefficient R(0) as a function of the porosity
Bi2212 (T =10 K).
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Fig. 6. Variation of reflection coefficient R(0) as a function of the porosity
Bi2212 (T =200 K).
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crease in velocity of these modes, and thus, we note the same evolution,
when we vary the porosity rate (Fiigs. 5—7).

From the reflection coefficient R(0), we have deducted the acoustic
signature V(z) for various porosity rates (0.32, 0.5 and 0) following
various temperature values (Fig. 8).

The acoustic signature treatment V(z) by the FFT and the applica-
tion of the Blackman window at 92 dB, allow us to determine the Ray-
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Fig. 7. Variation of reflection coefficient R(0) as a function of the porosity
Bi2212 (T =295 K).
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Fig. 8. Acoustic signature V(z) and its FFT as a function of temperature of
Bi2212 (p=0.32).
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leigh velocity. These parameters are grouped in Figs. 9 and 10, show-

ing the different acoustic signature V(z) as a function of the porosity.
As seen in Fig. 9, the increased porosity leads to signal attenuation,

engendering a decrease in the Rayleigh velocity. For a fixed porosity
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Fig. 9. Acoustic signature V(z) of Bi2212 for different values of porosity at
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rate, this velocity decreases with the temperature (Fig. 11). Hence,
Figure 11 shows the effect of the porosity and the temperature on the
Rayleigh velocity. In addition, we notice that, if the temperature in-
creases, the Rayleigh velocity decreases for the three considered poros-
ities.

Taking the importance of the effect of temperature on the Rayleigh
velocity leads to establish the relationship as a function of these
curves. We obtained the relation (10) following a polynomial form of
order 5:

Vp=B,+B,T - B,T*+ B;T* - B,T*+ B,T", (10)
1800
1750 | e
1700 | -.
1650 |
& L = V(p=0)
g 1600 « Vi(p=0.32)
+1550 | A V2 (p=0.5)
b R
1500 |
1450 |
1400 | e
1as0 | i,

0 50 100 150 200 250
T, K

Fig. 11. Dispersion of Rayleigh velocity as a function of temperature for dif-
ferent porosity rates.
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Fig. 12. Comparison between the experimental transversal velocity and those
determined according to the relation (11).
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where B,, B,, B, B;, B, and B; are polynomial parameters.

To check the relation (10), we needed to determine the transversal
velocity as described elsewhere [12]. Here, we can establish the relation
between the Rayleigh and the transversal velocities:

V, =V,(1.14418 - 0.25771c + 0.126615%). (11)

The determined velocity from the relation (11) as a function of tem-
perature is alike to those obtained in the experimental measures
(Fig. 12) [15]. We noticed also the decrease in the transversal velocity
as a function of temperature, as well as the obtained results from the
relation (11) is indicated to the experimental results.

4. CONCLUSION

In the present work, we have described a new approach to characterize
the materials using the concept of the acoustic microscope. We have
established the relationship between the Rayleigh velocity and the
temperature, using the acoustic signature V(z) and the reflection coef-
ficient R(0) for various porosity rates of a superconductor material
type Bi2212. This study may be generalized in the characterization of
different superconductor materials, focusing on the established rela-
tionship, leading to determine the different elastic parameters E, G,
and v.
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