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The temperature widths of the resistive transition as well as the thermal uctuations of bulk
(Bi0.6 Pb0.4 )2 Sr2 Ca2 Cu3 Ox superconductor with Tc,50% = 107.1 K were studied. The applied magnetic eld widens
the resistive transition according to the following formula: ∆T = CH m + ∆T0 . The value of exponent m = 0.44
suggests that there is strong pining of vortices, especially at lower temperatures. The critical exponents λ of the
conductivity were calculated using the following equation: ∆σ = Kε−λ , with the λ1 = 1.75 close to the zero critical
temperature and λ2 = 3.77 at higher temperatures. These values were discussed within the available theoretical
models.
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1. Introduction

In high temperature superconductors (HTS) a combination of the short coherence length, large anisotropy,
large magnetic penetration depth and high critical temperatures make the uctuation eects many orders of
magnitude larger than in the conventional superconductors. In consequence the resistive transition from normal to superconducting state shows large and anomalous
broadening, even without a magnetic eld. In this paper
the broadening of the resistive transitions and thermal
uctuations of ceramic (Bi0.6 Pb0.4 )2 Sr2 Ca2 Cu3 Ox superconductor have been studied.

in Fig. 1. One can observe there a signicant widening of
the transition in consequence of applying of the external
magnetic eld, which is typical for HTS, especially for
thallium based superconductors [2, 3]. This phenomenon
has been interpreted in the frame of the vortex structure
and ux motion mechanism [4, 5].

2. Experimental details

The sample of the ceramic bismuth-based 2223 superconductor, partially substituted with Pb for Bi atoms,
was prepared by the standard solid state reaction procedure that was well described in the literature [1]. The
X-ray diraction showed that there are two superconducting phases: the dominant 2223 phase with Tc,50% =
107.1 K and the minor 2212 phase with Tc = 90 K. The
measurements of the resistance versus temperature and
magnetic eld were carried out using the four probes a.c.
method. The electrical contacts were made by Leitsilber 200 silver paint and after heat up to 300 ◦ C their
resistances were less than 0.5 Ohms. The sample was
placed in the center of copper coils, which produced the
d.c. magnetic eld. The temperature was monitored by
a Lake Shore temperature controller. The Stanford SR
830 lock-in nanovoltmeter served both as a source for a.c.
currents with a frequency of 188 Hz and amplitudes up
to 100 mA and as a voltage meter.
3. Results and discussion

The temperature dependencies of the resistance for selected values of the applied d.c. magnetic elds are shown
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Fig. 1. Magnetoresistance as a function of temperature.

The widths of the resistive transitions ∆T = T90% −
T10% (between 10% and 90% of the normal state resis-

tance, just above the onset temperature) versus the applied magnetic eld are shown in Fig. 2. For HTS the
resistive transition already for H = 0 is relatively wide.
The widths of the resistive transitions may be described
by the following form [2]:
∆T = CH m + ∆T0 ,
(1)
where m = 2/3 and ∆T0 means the width of the resistive
transition at zero d.c. applied magnetic eld. The coecient C depends on the critical current at zero magnetic
eld and on the critical temperature. The experimental
data presented in Fig. 2 were tted using Eq. 1. There
were two t parameters: m and C . The width of the
resistive transition ∆T0 = 11.0 K was taken from the
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experiment (see Fig. 1). The parameters m and C obtained from the tting procedure are 0.440 ± 0.008 and
0.41 ± 0.03, respectively. One can notice that at zero
applied magnetic eld the width of the resistive transition is relatively large and rises with the magnetic elds
especially at their lower values.
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regions of the temperature. The relation expressed by
Eq. 3 is shown in Fig. 3. The calculated critical exponent
close to the zero critical temperature was determined to
be λ1 = 1.75 ± 0.05. The critical exponent in the temperature interval from Tc,50% to the onset temperature is
λ2 = 3.77 ± 0.07.
These large values of the critical exponents are dicult
to explain and understand, especially, from the point of
view of Aslamazov and Larkin approach [6], in which
the critical exponents are usually lower than unity. Such
interesting behavior is a challenge and an inspiration for
the further study.
4. Conclusions

Fig. 2. Width of the resistive transition (open circles).
Solid line is the t by Eq. 1.

The results of this paper can be summarized as follows:
1. The applied magnetic eld widens the resistive transition according to the formula (1). This formula ts the
experimental data very well. A higher value of the exponent m = 0.44 suggests that there is rather strong pining
of vortices, especially at lower temperatures.
2. The critical exponents λ of the conductivity were
calculated using the Eqs. 2, 3. The calculated critical exponent, close to the zero critical temperature, was found
to be λ1 = 1.75. The critical exponent in the temperature interval from Tc,50% to the onset temperature is
λ2 = 3.77. These large values of the critical exponents
are dicult to explain by the known model [6].
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Fig. 3. Plot of (−d(ln(∆σ))/dT )−1 versus T (closed
circles). Solid lines are the linear t to linear parts of
this plot.

The critical exponents λ of the conductivity were calculated using the following equation [6]:
∆σ = Kε−λ ,
(2)
where ε = (T − Tc )/Tc and K is a constant. To determine the critical exponents we plotted the temperature
dependence of the following expression:
−1
d
1
ln ∆σ (T )
= (T − Tc ) ,
(3)
dT
λ
where ∆σ(T ) is dened by the Eq. 2. The critical expo

−

nent is a reversal slope of the dependence within a linear
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