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We report on the critical �uctuations from the magnetoresistance measurements in polycrystalline
(Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oz superconductor. The critical exponents have been calculated above the critical
temperature Tc as well as in the temperatures interval close to the zero resistance critical temperature. Above
Tc only Gaussian �uctuations have been observed in a three-dimensional �uctuating system. Additionally, far
above Tc the applied magnetic �eld induces the crossover from 3D to 2D �uctuating system. At the temperatures
range close to the zero critical temperature the properties of the weak links are dominating and the �uctuat-
ing phase in each grain becomes long-range ordered as a consequence of the activation of weak links between grains.

PACS: 74.72.−h, 74.40.−n, 74.20.De, 74.25.Ha

1. Introduction

The very short coherence length as well as the large
anisotropy of high temperature superconductors (HTS)
a�ect on the thermal �uctuations around the supercon-
ducting transition. Within the critical region one can
notice the competition between the critical �uctuations
at lower temperatures and the Gaussian (stochastic) �uc-
tuations at the temperatures far above the critical tem-
peratures that depend on the applied magnetic �eld as
well as the applied pressure [1�3]. The Gaussian �uctua-
tions can give the information on the e�ective dimen-
sionality of superconductivity in HTS materials. The
thallium based superconductors are very rewarding sub-
jects of these studies because of their special behavior
of widening of the resistive transitions upon the in�u-
ence of the applied magnetic �eld. Because of huge
anisotropy the superconductors have generally the three-
-dimensional (3D) to the two-dimensional (2D) transition
in the critical region for polycrystalline, single crystal as
well as for thin �lm samples [4�7].
In this paper we report on the magnetic

�eld dependent thermal �uctuations in the
(Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oz bulk superconductor.
As it was shown in the paper [8] the superconducting
properties of these kind of thallium superconductors
are very interesting and they strongly depend on the
gadolinium content.

∗ corresponding author; e-mail: wmwoch@agh.edu.pl

2. Experiment

The sample was prepared by the sol�gel method ac-
cording to the procedure described in detail in the pa-
per [9]. The measurements of the resistance versus tem-
perature for di�erent values of the applied dc magnetic
�elds were carried out using the four-point ac method
of 7 Hz current frequency using Stanford SR 830 lock-in
nanovoltmeter. The applied dc magnetic �eld was pro-
duced by a copper solenoid immersed in a liquid nitrogen
bath. The temperature from 77 K to 170 K was moni-
tored by a Lake Shore temperature controller employing
a chromel�gold�0.07% Fe thermocouple with an accuracy
of ±0.05 K. The electrical contacts were made by silver
paint which were sintered at 300 ◦C.
The critical temperatures of this sample are as follows:

Tc50% = 101.1 K, Tc0 = 94.9 K and the onset temper-
ature Tc,onset = 105.7 K. The transition was of width
∆T90%�10% = 5.6 K without applied magnetic �eld.

3. Results and discussion

The temperature dependences of the resistance were
done for several values of the applied dc magnetic �elds.
To analyze them the �eld dependent conductivity within
the transition region was used in the following form [10]:

∆σ = Kε−λ, (1)

where ε = T−Tc

Tc
, λ is the critical exponent, K is a con-

stant. The temperature dependence of excess conduc-
tivity is de�ned within the Ginzburg�Landau mean �eld
approximation [11]:

(1059)
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∆σ(T ) =
1

R(T )
− 1

RR(T )
, (2)

where R(T ) is the measured resistivity and RR(T ) is the
resistivity obtained by the linear extrapolation of resis-
tivity data from about 170 K down to the onset temper-
ature [12].

Assuming that the resistivity R(T ) follows a linear
temperature dependence at higher temperatures, it is ob-
tained by linear �tting of resistivity curve and extrapo-
lating the same to below Tc. The determination of∆σ in-
volved the determination of RR for temperatures near Tc

by extrapolating the high temperature behavior ofRR(T )
as follows:

RR(T ) = R0 +

(
dR

dT

)
T, (3)

where R0 and dR/dT are constants.

The linearity of RR(T ) is observed in all measurements
above 130 K.

In the critical region, in which the critical �uctuations
are observed the full dynamical scaling theory [13] pre-
dicts that the excess conductivity (Eq. (1)) diverges at
the critical temperature with the critical exponent given
by the relation

λ = ν(2 + z − d+ η), (4)

where ν is the critical exponent for the coherence length,
z is the dynamical exponent, d is the dimensionality of
�uctuation spectrum and η is exponent for the order pa-
rameter of the correlation function. The thermodynamic
properties of superconductors in the critical region are
the same as for 3D-XY model. Then one should substi-
tute ν = 2/3, z ≈ 3/2 and η = 0.

In the regimes further from the critical temperature
the critical exponents are dominated by Gaussian �uctu-
ations. The mean �eld Ginzburg�Landau theory predicts
that ν = 1/3, z = 2 and η = 0. Thus as shown by Asla-
masov and Larkin [10], the Gaussian �uctuations can be
described by

λ = 2− d

2
, (5)

where d is the dimensionality of �uctuation spectrum.

To determine the critical exponents we plotted the
temperature dependence of the following expression:

−
[

d

dT
ln

(
1

R
− 1

RR

)]−1

=
1

λ
(T − Tc). (6)

The critical exponent is a reversal slope of the depen-
dence within a linear regions of the temperature.

The resistance versus temperature for several values
of the applied magnetic �eld is shown in Fig. 1. The
temperature derivatives of the resistance near the critical
temperature for di�erent values of the applied magnetic
�eld are shown in inset of Fig. 1. The derivatives con-
sist of the two maxima: the �rst one that is associated
with the critical temperature and the second one that is
associated with the temperature close to the zero resis-
tance temperature. The second maximum is shifted to

Fig. 1. The resistance versus temperature for several
values of the applied magnetic �eld. Inset: the tem-
perature derivative of the resistivity near the critical
temperature for di�erent values of the applied magnetic
�eld.

the lower temperatures if the applied magnetic �eld in-
creases whereas the �rst maximum does not depend on
the magnetic �eld up to the maximum �elds used in these
experiments. The maximum temperature Tcf = 102.8 K
and it is a little bit higher than the critical temperature
of this superconductor: Tc50% = 101.1 K. Well above Tcf

the transition is dominated by superconducting �uctua-
tions in the normal state in which the two regions I and
II were de�ned. Two another regions III and IV were de-
�ned below the Tcf (see Fig. 2), where the temperature
�uctuations are dominated by the system of weak links.

Fig. 2. Representative plot of (−d(ln(∆σ))/dT )−1

versus T without applied magnetic �elds. There are
four regions in which the linear �tting can be obtained
(see text).

The critical exponents as a function of the applied mag-
netic �eld in the �rst and second regions were calculated
using Eq. (6) and these results are shown in Fig. 3. In
the �rst region the critical exponent is equal to λ = 0.59
at H = 0 Oe. Further on the critical exponents increase
with rising of the magnetic �eld and �nally it is λ = 1.0 at
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Fig. 3. The calculated critical exponents for region I
(closed circles) and for region II (closed squares) with
linear �ttings.

H = 1500 Oe. Using Eq. (5) dimensionalities of the �uc-
tuating system were calculated to be d = 2.8 and d = 2,
respectively. In conclusion one can say that in the re-
gion I the applied magnetic �eld induces the crossover
from 3D to 2D �uctuating system. In the region II
the critical exponents do not practically depend on the
applied magnetic �eld yielding dimensionality d = 2.9
i.e. the 3D �uctuating system. For both regions only
Gaussian �uctuations are observed. Also in our pre-
vious paper [14] on the shape of speci�c heat anomaly
around Tc in DyBa2Cu3Ox we found the large e�ect of
the Gaussian �uctuations within a few Kelvin tempera-
tures interval around Tc. On the contrary for the ori-
ented (Tl0.6Pb0.24Bi0.16)(Ba0.1Sr0.9)2Ca2Cu3Oy super-
conducting �lm on single-crystalline lanthanum alumi-
nate substrate only the critical �uctuations were observed
around Tc.

Fig. 4. The calculated critical exponents for region III
(closed circles) and for region IV (closed squares) with
linear �ttings.

In the temperatures range from the zero resistance crit-
ical temperature to the Tc50% there are another two re-
gions: III and IV (see Fig. 2). The calculated critical

exponents as a function of the applied magnetic �eld in
the third and fourth regions are shown in Fig. 4. In re-
gion III the critical exponents are of the order of 2.5
and they weakly decrease when the applied magnetic
�eld increases. In the magnetic �eld region that was
used in this experiment the critical exponent decreases
by 24% of its initial value. This region is di�cult to
be clearly explained. The authors of the paper [1] in-
terpreted this behavior in terms of dissipative �ux mo-
tion in the presence of the applied magnetic �eld. On
the contrary some authors [15�17] suggest that there is
phase transition involving quenched disorder within the
system of weak links. They claimed that if the exponents
are larger than two (2.2�2.7) [17] the system shows the
paracoherent�coherent transitions of the granular array,
where the �uctuating phase of the order parameter in
each grain becomes long-range ordered as a consequence
of the activation of weak links between grains.
In the region IV the critical exponents are of order

of 4 and strongly depend on the applied magnetic �eld.
Initial critical exponent is reduced of about 50% at the
highest applied �eld. This phenomenon is di�cult to un-
derstand. One of the tentative explanation is related to
the �uctuations within the inter-grain weak links which
strongly depend on the applied magnetic �eld.

4. Conclusions

The critical exponents of polycrystalline
(Tl0.5Pb0.5)Sr2(Ca0.9Gd0.1)Cu2Oz superconductor
have been calculated above the critical temperature
as well as in the temperatures range close to the zero
resistance critical temperature Tc0. Above Tc only
Gaussian �uctuations have been observed within the
three-dimensional (3D) �uctuating system. Far above
Tc the applied magnetic �eld induces the crossover from
3D to 2D �uctuating system. At the temperatures
range in the vicinity of the critical temperature Tc0 the
properties of the weak links array play a dominant role
in the thermal �uctuations. It means that the critical
exponents evaluated for the temperatures below Tc in
the region III and IV characterize rather the extrinsic
behavior of the sample produced at certain preparation
conditions but not the intrinsic physical properties of
the superconducting material in general.

Acknowledgments

This work was supported by the Faculty of Physics
and Applied Computer Science, AGH University of Sci-
ence and Technology, Cracow. One of us (M.Ch.) has
been partly supported by the EU Human Capital Opera-
tion Program, Polish Project No. POKL.04.0101-00-434/
08-00.

References

[1] P. Pureur, R. Menegotto Costa, P. Rodrigues, Jr.,
J. Schaf, J.V. Kunzler, Phys. Rev. B 47, 11420
(1993).



1062 W.M. Woch et al.

[2] R. Menegotto Costa, P. Pureur, M. Gusmao,
S. Senoussi, K. Behnia, Phys. Rev. B 64, 214513
(2001).

[3] L. Mendoca Ferreira, P. Pureur, H.A. Borges, P. Le-
jay, Phys. Rev. B 69, 212505 (2004).

[4] D.H. Kim, K.E. Gray, M.D. Trochet, Phys. Rev. B
45, 10801 (1992).

[5] H.M. Duan, W. Kiehl, C. Dong, A.W. Cordes,
M.J. Saeed, D.L. Viar, A.M. Hermann, Phys. Rev. B
43, 12925 (1991).

[6] W.M. Woch, M. Chrobak, A. Koªodziejczyk, Acta
Phys. Pol. A 118, 389 (2010).

[7] N.H. Ahmad, N.A. Khan, A.K. Yahya, J. Alloys
Comp. 492, 473 (2010) and references therein.

[8] W.M. Woch, R. Zalecki, A. Koªodziejczyk, H. Su-
dra, G. Gritzner, Supercond. Sci. Technol. 21, 085002
(2008).

[9] H. Sudra, G. Gritzner, Physica C 443, 57 (2006).

[10] L.G. Aslamazov, A.I. Larkin, Sov. Phys. Solid State
10, 875 (1968); A.I. Larkin, A.A. Varlamov, in: Su-
perconductivity, Eds. K.H. Bennemann, J.B. Ketter-
son, Vol. 1, Springer-Verlag, Berlin 2008, p. 369.

[11] V.I. Ginzburg, L.D. Landau, Zh. Exp. Teor. Fiz. 20,
1064 (1950).

[12] A. Mohanta, D. Behera, Physica C 470, 295 (2010).

[13] J. Rosenblatt, P. Peyral, A. Raboutou, C. Lebeau,
Physica B 152, 95 (1988).

[14] A. Kozªowski, Z. Tarnawski, A. Koªodziejczyk,
J. Chmist, T. �ci¦»or, R. Zalecki, Physica C 184,
113 (1991).

[15] M.A. Grusniko, P.M. Mors, Phys. Rev. B 42, 10030
(1990).

[16] D.S. Fischer, M.P.A. Fisher, D. House, Phys. Rev. B
43, 130 (1991).

[17] C. Lebeau, J. Rosenblatt, A. Raboutou, P. Peyral,
Europhys. Lett. 1, 313 (1986).


