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Abstract
Dynamic voltage–current characteristics of an HTS Ag/BiSCCO composite
tape are studied both experimentally and theoretically. The tape is subjected
to pulsed currents with different shapes and magnitudes and voltage traces
are measured using the four-point method with different locations of
potential taps on the sample surface. Clockwise and anticlockwise hysteresis
loops are obtained for the same sample depending on the location of the
potential taps. The dynamic characteristics deviate substantially from the DC
characteristic, especially in the range of low voltages where a criterion for the
critical current value is usually chosen (1–10 µV cm−1 ). The critical current
determined from dynamic characteristics and its change with the pulse
magnitude depend on the location of the potential taps and on the curve
branch chosen for the critical current determination (ascending or
descending).
The theoretical analysis is based on a model of the magnetic flux
diffusion into a composite tape for a superconductor described by the flux
creep characteristic. Numerical simulation based on this model gives results
in good agreement with the experimental ones and explains the observed
peculiarities of the dynamic characteristics of HTS composite tapes. The
difference between the magnetic diffusion into a tape and a slab is discussed.

1. Introduction
Study of voltage–current characteristics (VCCs) of HTS
materials is of both fundamental and technological interest. It
is of particular importance to reveal mechanisms responsible
for dissipation and their relation to the vortex motion
in superconductors. The VCC determines the transport
properties of a superconductor and the possibility of its
application in various devices. Pulsed current tests, allowing
us to prevent heating due to dissipation at the contacts,
are widely used for obtaining VCCs of superconducting
samples with high critical currents [1–8]. The dynamic
VCCs obtained by the pulse technique provide important
information on non-equilibrium and transient processes in
superconductors. Recent studies revealed various interesting
phenomena associated with non-stationary vortex motion such
as history (memory) effects [9, 10], different responses
0953-2048/06/040267+09$30.00

to alternating and DC currents, effect of current sweep
rate [11–13], etc. To explain these effects, a number of
mathematical models were used, such as a superconducting
glass model, modified flux flow and resistive-weak link
models, various flux creep models, etc [14, 15].
A number of papers reported on various hysteresis loops in
dynamic VCCs and related these loops to different phenomena
such as the inhomogeneity of the flux pinning, the phase state
of the vortex matter, heating, etc (see [9] and references 1–
13 therein). The simplest explanation of the anticlockwise
loops is heating. However, these loops can also result from
the dynamical metastability of the vortex matter in single
crystals [16]. The inelastic quasi-particle scattering can also
lead to either clockwise or anticlockwise loops, depending
on the magnetic field strength [17]. It was observed that the
path tracing direction depended on the experimental conditions
(zero-field cooling or field cooling, or field direction). In
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(a)

(b)
Figure 1. A sketch of a typical experimental sample. 1–1 —current
terminals, 2–2 and 3–3 —wiring to edge and central potential taps.

addition, the direction is influenced by inhomogeneity of the
flux pinning strength for polycrystalline superconductors [18].
Thus, the character of the dynamic VCCs can be determined
by different phenomena in superconductors and depends on the
experimental conditions.
Despite the fact that a number of the papers were devoted
to dynamic VCCs of tapes, the theoretical consideration was
mostly based on the study of magnetic diffusion into an
infinite slab with strongly non-linear electric field–current
density ( E – J ) characteristics [9, 10, 19–24]. One of the
conclusions resulting from this model is that an anticlockwise
loop cannot be observed in a homogeneous sample in the frame
of the flux creep mechanism [9]. The obtained results were
usually employed to explain the experimental data obtained for
samples of other shapes [13, 18].
The theoretical study performed in [12, 25–27] shows that
the character of the magnetic diffusion into superconducting
tapes, strips and films differs sufficiently from the diffusion
into an infinite slab. The correct determination of the relation
between dynamic VCCs, properties of a superconductor and
experimental conditions should be performed based on the
models taking into account the actual shape of a sample. The
problem becomes still more complicated for composite and
coated superconductors, where a superconductor is shunted by
a normal conducting metal.
In the present paper, we study the transient response of
a monofilamentary Bi-2223/Ag tape subjected to a pulsed
current. We demonstrate that the non-linear magnetic diffusion
plays an important role even for relatively long current pulses
and can explain many phenomena observed in the dynamic
VCCs.

2. Experimental study
2.1. Experimental samples
The investigated samples of a single-filamentary Bi-2223/Ag
tape were 24 mm in length, 0.2 mm in thickness and 3 mm in
width. The tape was fabricated by the usual powder-in-tube
method [28, 29].
Two pairs of potential taps were soldered to each sample;
one pair was placed on the central axis of the tape, and another
was fixed close to the edge (figure 1). The distance between
the taps belonging to the same pair was about 10 mm.
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Figure 2. Typical experimental results and illustration of the data
processing procedure: (a) current pulses with the amplitude above
(solid curve) and below (dashed curve) the critical current;
(b) voltage traces across the potential taps at a high current (solid
curve) and at a low current (dashed curve) and the voltage obtained
as a result of the subtraction procedure (dotted curve).

The VCC of one of the samples tested under DC
conditions is shown below, in figure 3 (along with dynamic
VCCs). This characteristic is well fitted by the power law
function E = E 0 (I/I0 )n with n = 4, E 0 = 80 µV cm−1
and I0 = 10 A. This dependence is typical for the flux creep
regime.
2.2. Experimental procedure
We used two types of pulse impact: (a) a relatively long pulse
in the form of a half-wave of sinus typical for pulse tests; (b) a
stepwise pulse with a small rise time of the current allowing us
to study approaching the stationary regime.
2.2.1. Sinusoidal pulse. Single current pulses of a controlled
amplitude I0 were obtained by a discharge of a capacitor
in a circuit containing a tested superconducting sample, an
inductance, and a resistor of 0.11  inserted in series. Such
a set-up is widely used in pulsed experiments to study VCCs
of superconductors with high critical currents and/or in high
magnetic fields [1, 2, 5]. The shape of the pulse was close to
a half sine-wave, I = I0 sin(ωt) at 0 < ωt < π (figure 2(a));
the rise time was 0.46 ms.
The current was determined from the voltage drop across
the resistor. The voltage generated across the sample was
amplified by a factor of 1000 and recorded, along with the
current curve, by a multichannel data acquisition device with
the recording rate up to 500 000 samples s−1 per channel. The
measurements were performed at the temperature of 77 K (in a
liquid nitrogen bath) for different amplitudes of the pulse.
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(b)

the test circuit should be unchanged from measurement to
measurement.
An additional problem is related to non-linear properties
of a superconductor. The part of the voltage induced by
the penetrating flux inside the body of the tape is strongly
non-linear versus current and, therefore, the described linear
subtraction procedure produces distortions of voltage curves.
To decrease these distortions, one should use longer pulses or
choose the ‘low’ current as low as possible. In any case, these
distortions have to be taken into account when experimental
results are compared with theoretical ones. Note that the
voltage registered by a pair of the taps soldered in the central
points, placed on the line of symmetry, does not include the
part related to the internal magnetic flux and, therefore, is not
distorted by the subtraction procedure.
2.4. Experimental results

Figure 3. Dynamic VCCs measured by the edge-assigned taps (a)
and by the centre-assigned taps (b). The DC VCC is shown by the
curve with solid circles. The arrows indicate the path tracing. The
shape of the current pulse is shown in figure 2(a).

2.2.2. Stepwise pulse. The tested sample was subjected
to a stepwise current turned on by an electronic switch in
a DC circuit containing the sample. The current front was
well fitted by the function I = I0 [1 − exp(−t/τ )], where
τ = 2 × 10−5 s, independently of the current amplitude. The
equipment described above was used for registration of the
current and voltage drop from the potential taps.
2.3. Data processing
The voltage obtained from a pair of the taps contains the
transient component induced by the changing magnetic flux
in a loop formed by the potential wires and a virtual
internal connection between the taps going along the tape
axis [1, 2, 30]. This component contains two parts: the internal
part induced by the magnetic flux linked to the inside of the
sample and the outer part related to the magnetic flux that does
not interact with the tape. The last voltage part induced by
the magnetic flux in the measurement loop should be removed
from the measured signal. The usual procedure for separation
of the ‘useful’ signal is the comparison of the voltage traces
recorded at a low current, when the resistive component may be
neglected, and the voltage measured above the critical current.
The signal at the low current is multiplied by the ratio of ‘high’
to ‘low’ currents and the obtained value is subtracted from the
signal at the ‘high’ current.
This procedure is valid if the following conditions are
fulfilled. First, the resistance appearing in the superconducting
sample should be small enough in comparison with the
resistance of the discharge circuit and the shape of the
applied pulse is not distorted. Second, the configuration of

2.4.1. Sinusoidal current pulse. Figure 2 shows the typical
voltage traces for different amplitudes of the sinusoidal
current pulse and demonstrates the subtraction procedure.
Figure 3 presents the dynamic VCCs of the tape obtained after
application of the subtraction procedure to the measurements
from the edge-assigned and central taps, respectively. The
DC VCC is also shown in the same figures. All the dynamic
curves demonstrate hysteresis loops. The curves obtained from
the edge taps have broader loops with the intersection points
and change of the path-tracing (figure 3(a)). In section 3.3
we will show that the intersections appear as a result of the
subtraction at the data processing. In the lower part (at voltage
less than about 50 µV cm−1 ), the rising part of the curve lies
significantly above the DC VCC; the return part drops down
the DC curve. In the higher part, the dynamic curves lie below
the DC one. The VCCs obtained with the central taps have
anticlockwise loops with no intersections and lie below the DC
curve (figure 3(b)).
Thus, clockwise and anticlockwise loops were observed
experimentally with the same monofilamentary BSCCO tape.
Simple estimates show that, in our case, these loops and the
difference between the dynamic and DC characteristics cannot
be explained by heating. The path-tracing of the obtained loop
depends on the location of the potential taps on the sample
surface. This is a characteristic property of tapes, films and
other samples of planar geometry as opposed to slabs and
cylindrical samples.
2.4.2. Stepwise pulse. When a stepwise pulse is applied,
voltage traces contain large peaks related to the voltage
induced by the fast change of the magnetic flux (figure 4).
These peaks were removed by the subtraction procedure
described above, and the resulting scope traces of the voltage
on the central taps are shown in figures 4 and 5. One can see
the delay in the appearance of the voltage signal (figure 5).
This delay decreases with the increase of the current amplitude.
This behaviour shows the dependence of the characteristic time
of diffusion on the current amplitude. Figure 6 illustrates the
substantial influence of the magnetic diffusion on the dynamic
VCC.
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Figure 4. Response to a stepwise current: the current pulse, the
measured voltage drop and the voltage after processing (the
subtraction of an induced component).

Figure 6. Comparison of the dynamic and static VCCs. The dynamic
VCC was obtained from the response of the central pair of taps to a
stepwise current.

In the framework of Bean’s model, the current density in a
superconductor is zero or equal to the critical value | j | =
jc and the current distribution follows without any delay to
changes of the external magnetic field and transport current.
Substituting equation (1) into the Faraday law equation

∂E
∂H
= µ0
,
∂y
∂t

(3)

where µ0 is the vacuum magnetic permeability, we obtain

∂E
µ0 L ∂ J (u, t) du
(4)
=
.
∂y
2π −L
∂t
y−u
We use equation (4) to evaluate the diffusion time for various
forms of the VCC of a homogeneous strip. For the linear E – J
characteristic (Ohm law), E = ρm J /2a , where ρm is a constant
resistivity, equation (4) can be presented in the dimensionless
form

∂e
µ0 La 1 ∂e(u, ϑ) du
(5)
=
∂ξ
πτρm −1 ∂ϑ ξ − u

Figure 5. Voltage traces for different amplitudes of the stepwise
current after the data processing procedure. The current trace is
shown in arbitrary units.

3. Theoretical analysis and computer simulation
3.1. Mathematical model
To understand the origin of observed peculiarities of the
dynamic VCCs, we analysed the non-linear magnetic diffusion
into a thin tape theoretically. Let us consider a conducting strip
in a zero external magnetic field. The strip is infinite along the
x axis, has the width 2 L along the y axis and the thickness
2a , a  L . Let a transport current I (t) be applied. The
electric field E and sheet current density J (y, t) have only the
x -components. At z = 0, the z -component of magnetic field is
given by the Ampere law as
 L
1
J (u, t) du
Hz (y, t) =
(1)
.
2π −L y − u
The total current is given by

I (t) =
270

L
−L

J (y, t) d y.

(2)

where e = E/E 0 , ξ = y/L , ϑ = t/τ , and the normalization
parameter E 0 can be arbitrarily chosen. The characteristic time
τ is
µ0 La
τ=
.
(6)
πρm
Expression (6) can be also used to estimate a characteristic
time of the magnetic diffusion into a superconductor shunted
by a well conducting metal (coated superconductors, tapes,
superconducting thin films covered by metal layer). In the case
of a composite superconductor, in equation (6), the thickness
and the resistivity of a superconductor should be replaced by
the thickness and the resistivity of a normal conducting layer.
For a superconductor described by the classical critical state
model, the diffusion time is determined by a normal conducting
layer only.
Suppose now the strip is characterized by a power law
(flux creep regime) E = E c (J /Jc )n , where Jc is the critical
sheet current density; J = 2a j and j is independent
of z . To rewrite equation (4) in a dimensionless form, we
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define the scaling sheet current density J0 = I0 /2 L and
the corresponding electric field E 0 = E c (J0 /Jc )n . Then
equation (5) can be rewritten as

∂e
µ0 J0 L
=
∂ξ
2πnτ E 0



1

e1/n−1

−1

∂e(u, ϑ) du
.
∂ϑ ξ − u

(7)

As an estimate for the characteristic diffusion time, one can
choose
µ0 J0 L
µ0 I0
τ=
=
.
(8)
2πn E 0
4πn E 0
Since the E – J characteristic is non-linear, the diffusion time
depends on the current pulse amplitude I0 . The parameter
E 0 in (8) can be taken from the DC VCC as the electric field
corresponding to the current amplitude. For a superconductor
described by the power law VCC and shunted by a normal
conducting metal, the characteristic time can be estimated as
the largest value from the times determined from (6) and (8).
Let us note some differences of expressions (6) and (8)
from those obtained for slabs in a magnetic field parallel to
their surface [19, 20]. The characteristic magnetic diffusion
time decreases as the slab thickness is reduced, and dynamic
hysteresis loops disappear in thin slabs. In the case of the linear
E – J characteristic the diffusion time into a tape is determined
by the product of its thickness and width (equation (6)), while
for a slab in a parallel field this time is proportional to the
thickness squared. For non-linear characteristics, the diffusion
time into a tape is determined by the VCC and not by the tape
thickness (see equation (8)); the time is finite even for infinitely
thin films and the loops do not disappear.
3.2. Numerical algorithm
The calculations were carried out for a superconducting
composite similar to the tested tape (figure 1) with a
superconductor inside an Ag matrix and occupying the central
part of the tape, |y|  l , with different values of the ratio l/L .
To develop a numerical algorithm, we integrate equation (4)
with respect to y , substitute E = ρ(y, J )J /2a , where
ρ(y, J ) is a non-linear resistivity corresponding to the E – J
characteristic of a superconductor, and obtain

ρ(y, J )J =

µ0 a
π



L
−L

∂ J (u, t)
∂t

ln |y − u| du + C(t) (9)

where C(t) is unknown function of time.
The system of equations (2) and (9), determining both the
current distribution in a tape and the function C(t), was solved
numerically.
Let {yi }, i = 0, . . . , N , be an equidistant mesh on
[−L , L] with = yi − yi−1 . We use 
piecewise-constant finite
elements and approximate J (y, t) by Nj=1 J j (t)ϕ j (y), where


ϕ j (y) =

1

y j −1  y  y j ,

0

otherwise.

Multiplying equation (9) by ϕi , i = 0, . . . , N , and integrating,
we obtain
M J˙¯ = (b̄( J¯, t) − C 1̄)

where bi ( J¯, t) = ρi (Ji )Ji , ρi (Ji ) = ρ(yi−1/2 , Ji ), yi−1/2 =
yi − /2, 1̄ = (1, . . . , 1)T ; a point above a symbol
notes the time derivative. The integrals Mi j = µπ0 a .
L L
−L −L ϕ j (x)ϕi (y) ln |x − y|d x d y can be found analytically:

Mi j = − µ02aπ (m |i− j | + 2 ln ) with

−3
k = 0,




 −3 + 4 ln 2
k = 1,
mk =
2
2

−3 + (k + 1) ln(k + 1) − 2k ln k




k  2.
+ (k − 1)2 ln(k − 1)
˙
−1
¯
¯
For each time moment, we substitute
 N J = M (b̄( J , t) −
J̇
,
obtained
from
(2),
C 1̄) into the equation I˙(t) =
i=1 i
and find
2

N

C=
j =1

I˙
(M −1 b̄( J¯, t)) j − 2

N

Mi−j 1 .

i, j =1

Now, using a standard routine for ordinary differential
equations, we can integrate over time the system

J˙¯ =

M −1 (b̄( J¯, t) − C 1̄)

with zero initial conditions. Note that the inverse matrix M −1
should be computed only once.
3.3. Simulation: comparison with experiment
The simulation was performed for a composite monofilamentary tape shown in figure 1 with the E – J characteristic taken
in the form

for −L  y  −l

 ρm J /2a
for −l < y < l
E = E 0 (J /Jc)n
(10)


ρm J /2a
for l  y  L
where ρm is now related to the resistivity of the matrix.
Expressions (6) and (8) cannot be directly applied to a
superconducting composite. For example, for Bean’s model
(n → ∞), equation (8) correctly gives zero diffusion time for a
superconductor; in this case the diffusion time for a composite
tape is mainly determined by diffusion in a normal matrix. In
calculations we used the dimensionless units with the timescale
τ chosen for a normal metal tape according to equation (6).
In these units, the resistivity of the normal conducting parts
near the tape edges, l < |y|  L , is equal to unity. For
the central part, |y|  l , containing the superconductor, we
used the power law characteristic (flux creep model) with the
resistivity corresponding to the experimental data, ρ(J ) =
0.015|J /Jc|3 (n = 4). For the tested tapes, the critical
current Ic = 2l Jc is about 4.6 A and equation (6) gives the
characteristic time of about τ = 2.5 × 10−5 s. The geometric
parameters in dimensionless units are L = 1, l = 0.8–0.95.
In order to simulate the experimental conditions, the
sinusoidal pulse was taken in the form I = I0 sin(πt/36),
where I0 is the pulse amplitude in the units of Ic and the
time is taken in units of τ . The stepwise pulse was described
by the expression I = I0 {1 − exp(−t/0.8)}. To compare
the simulation and experimental results, we applied to the
calculated curves the same subtraction procedure as was used
for processing of the experimental data (see section 2.3).
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(a)

(b)

(a)

(c)

(d)

(b)

Figure 7. Simulation of the dynamic VCCs of a tape with the
power-law characteristic for a half-wave of the sinusoidal pulse
I = I0 sin(π t/36) with different amplitudes I0 : calculated voltages
at the edge (a) and at the centre (b) before the subtraction procedure;
(c) and (d) are the same after the subtraction. The arrows indicate the
path tracing.

The simulation results for both sinusoidal and stepwise
pulses are presented in figures 7–9. They are in qualitative
agreement with our experimental data. The calculated curves
have the same features that were observed in the experiments.
For the sinusoidal pulse, the simulation gave loops similar
to the experimental ones (figure 7): broad clockwise loops
at the edge (figure 7(a)) and narrow anticlockwise loops
at the centre (figure 7(b)). Some differences between the
experimental and calculated results can be explained by the
finite size of the potential taps, which cannot be made as
points, inhomogeneities of superconducting properties of the
samples, and a finite contact resistance between the matrix and
the superconductor.
Note that, as opposed to the experiment, the calculated
voltage curves do not contain any components related to the
measuring circuit. Therefore, the calculated curves show us a
‘pure’ voltage drop across the tape (figures 7(a), (b), 8(a), 9).
This voltage drop contains a component induced inside the
tape, non-linear in current amplitude. This component
determines the difference of the dynamic VCCs measured at
the centre and at the edge. The subtraction procedure applied to
the calculated curves removes the main part of this component
(figures 7(c), (d), 8(b), 9). However, a part of this component
remains. Therefore, the dynamic VCCs for the edge points go
272

Figure 8. Simulation of the dynamic behaviour of the tape subjected
to the current I = I0 {1 − exp(−t/0.8)}: (a) voltage drops at the edge
(solid symbols) and at the centre before the subtraction procedure;
(b) the same after the subtraction procedure.

Figure 9. Calculated dynamic VCCs versus calculated DC VCC: the
voltage at the edge (curves 1 and 3) and at the centre (curves 2 and 4)
before and after the subtraction of induced components, respectively.

above the DC curve in the lower part. The subtraction also
removes a part of the active component. This leads to lower
voltage in the higher part of the dynamic curve. The influence
of the subtraction procedure manifests itself especially clearly
for the stepwise pulse (figures 8 and 9).

Dynamic response of HTS composite tapes to pulsed currents

(a)

(a)

(b)

(b)

Figure 10. Simulation of the dynamic VCCs of a tape with Bean’s
characteristic for a half-wave of the sinusoidal pulse
I = I0 sin(π t/36) with different amplitudes I0 . Calculated voltages
at the edge (a) and at the centre (b) are shown. The arrows indicate
the path tracing.

Note that after the subtraction we have self-intersecting
loops as after the data processing of the experimental data
(compare figures 3(a) and 7(c)).
Increasing the pulse amplitude step by step, we obtain
a set of similar loops embedded one inside the other (such
loops were also obtained experimentally). The main difference
between all the obtained VCCs is observed in the range
of low voltages, where a criterion for the critical current
value is usually chosen (1–10 µV cm−1 ). Therefore, the
determination of the critical current from the dynamic VCC
becomes problematic: the obtained value depends on the
location of the measurement taps and on the branch of the
dynamic curve (ascending or descending). For example, if we
determine the critical current from the ascending branch at the
centre (figure 7(d)), we obtain the critical current increasing
with the pulse amplitude or, which is the same, with the rise
rate of the current. The dependence of the critical current
obtained from the descending branch becomes opposite: it
decreases with the increase of the pulse amplitude.
3.4. Simulation: comparison between flux creep and Bean’s
models
Simulating the magnetic diffusion into a thin tape in
the framework of the flux creep approach (power-law
characteristic (10) for the superconductor), we have obtained a
good agreement with the experiment. To understand clearly the
influence of the flux creep in a superconductor on the magnetic

Figure 11. Calculated current (a) and electric field (b) distributions
in a tape for Bean’s model. Current pulse I = I0 sin(π t/36) with the
amplitude I0 = 1.9 Ic .

field diffusion in a composite, let us compare our results with
those obtained using Bean’s critical state model [31]. In
the framework of Bean’s approach, the diffusion coefficient
approaches infinity and the magnetic field distribution inside
a superconductor is adjusted instantly to an applied field or a
current. The calculations were performed for Bean’s model
modified to account for the presence of a normal matrix:
ρ(J )J = 0 at a sheet current less than the critical value
Jc , and ρ(J )J = ρm sgn(J )(|J | − Jc ) for |J | > Jc at
|y|  l . Figure 10 shows the calculated VCCs for the tape
of figure 1 subjected to the sinusoidal pulse. Bean’s model
also gives the loops with opposite path-tracing for central and
edge-assigned potential taps (compare with figure 7). For
both models we obtain broad clockwise loops at the edge and
narrow anticlockwise loops at the tape centre. In the range of
low currents, voltage at the edge is determined by the magnetic
diffusion into a normal conducting matrix. Therefore, the loops
at the edge practically coincide for both models. Figures 11
and 12 show the penetration of the current and electric field
into a tape for flux creep and Bean’s models. The process
includes two stages. First, the electric field front propagates
inside the tape with the velocity determined by the rise rate of
the applied current and the magnetic diffusion into the normal
matrix. For the considered case this stage takes about 7τ . For
Bean’s model (figure 11), this time corresponds to appearance
of the electric field at the centre (for the considered case, at the
current of about 1.1 Ic ), and after this the practically uniform
distribution is established.
For the flux creep model (figure 12), we observe clearly
that the uniform distribution does not establish until 16τ . Note
that, in contrast to Bean’s model, the power law VCC gives
a nonzero electric field at the centre at any current value.
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(a)

(a)

(b)

(b)

Figure 12. Calculated current (a) and electric field (b) distributions
in a tape for the flux creep model. Current pulse I = I0 sin(π t/36)
with the amplitude I0 = 1.9 Ic .

The difference between the diffusion characters in both cases
is illustrated by the simulation presented in figure 13: the
response of the tape to the application of a stepwise pulse
with a very short front. As opposed to Bean’s behaviour,
the diffusion time for the flux creep depends on the pulse
amplitude in full accordance with (8). Note that for modern
HTS composites with high critical currents, the time of the
magnetic diffusion can exceed sufficiently the time observed
in our experiments. For example, for Ic = 100 A and the pulse
amplitude I0 = 1.5 Ic this time becomes equal to 7.5 ms.

4. Conclusion
The magnetic flux penetration and the dynamic VCCs of Bi2223/Ag tapes have been studied both experimentally and
theoretically.
(1) The dynamic VCCs deviate substantially from the DC
VCC. The value and sign of the deviations depend on
the location of potential taps at the surface of the sample:
there is a large difference between the signals on the edgeand centre-assigned taps. The subtraction of the inductive
component, always appearing in the measurements, can
lead to some distortions due to the non-linear E – J
characteristic of the sample—a fact which should be taken
into account in the analysis of the results.
(2) Clockwise and anticlockwise hysteresis loops in dynamic
VCCs can be observed for the same sample depending on
the location of the potential taps. This is a specific feature
of tapes, films and other samples with a planar geometry.
(3) It was shown that the observed peculiarities of the dynamic characteristics of monofilamentary superconduct274

Figure 13. Simulation of the dynamic behaviour of the tape
subjected to a stepwise current pulse with short rise time
I = I0 {1 − exp(−30t)} for Bean’s model (a) and the flux creep
model (b). Voltage drops at the edge (dashed curves) and at the
centre (solid curves) are shown for different I0 .

ing tapes can be explained in the framework of the magnetic diffusion and flux creep mechanism.
(4) It is essential that sufficient deviations from the DC VCC
are observed for relatively long pulses with the rise time
exceeding 20-fold the characteristic time of the magnetic
diffusion determined in the framework of Bean’s model.
Deviations from the DC values are especially noticeable
in the range of low voltages, the more important zone for
the critical current determination. The measured critical
current and its change with the pulse amplitude depend
on the location of the potential taps and on the VCC
branch chosen for the critical current determination. More
accurate measurement of VCCs and critical currents can
be obtained with centre-assigned taps.
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