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Abstract

This work describes the first study of the mechanisms responsible for
the energy loss in industrial YBa,Cu;07.; (YBCO) tapes carrying DC
current in the Cu-O planes, in the presence of an external AC
magnetic field perpendicular to these planes. We measured the electric
field vs. current (E-I) curves for different frequencies and amplitudes
of the AC field. In addition, we measured the time evolution of the
electric field, E(t), for different DC currents and different frequencies
and amplitudes of the AC field. The results for YBCO are compared
with results of similar measurements of industrial B1,Sr,Ca,CuzO;o.5
(BSCCO) tapes. All the measurements were performed at 77 K.

The E-I measurements reveal that the AC magnetic field generates
electric field already well below the critical current I, i.e. at currents
where the DC magnetic field induces negligible electric field. The
electric field increases with the increase of both the amplitude and
frequency. At low frequencies, below an amplitude-dependent
crossover frequency, the E-I curves can be described by a power law
with, however, a clear crossover from a power of ~2 below I, for both
YBCO and BSCCO to powers ~15 and ~25 for BSCCO and YBCO,
respectively. At high frequencies, below amplitude-dependent
crossover frequency, the data cannot be described as a power law but
by a polynom of order 2.

The E(t) measurements reveal different responses above and below I..
For currents lower than I. the response signal is sinusoidal, out of
phase relative to the external AC magnetic field, superimposed on a
DC baseline growing with I. Above ~ 1.11, the signal is sinusoidal, in
phase with the external field, with a baseline growing with L. In the
crossover current regime, the response signal is more complicated,
exhibiting a "shoulder"-like feature in every half cycle of the signal,
reflecting a superposition of the signals above and below I..

Similar behavior is observed for all measured AC amplitudes. Below a
frequency-dependent crossover amplitude the E(t) signal is out of
phase relative to the external field. Above this crossover amplitude the
response signal is in phase. In the intermediate regime a shoulder
observed in the signal reflects gradual change in the behavior of the
phase. The baseline of the response is increasing with the amplitude.
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The effect of frequency on the behavior of the E(t) curves is as
follows: The signal is in phase at low frequencies up to an amplitude-
dependent crossover frequency above which the phase difference
between the response and the external field is growing gradually.

We explain the observed different response above and below I, in E(t)
and E-I measurements, by attributing the behavior to different
physical mechanisms. The first, which dominates at low currents,
appears due to the presence of AC magnetic field and is described by
the “dynamic resistance” model: The applied DC current breaks the
symmetry of the magnetic field profile resulting in a net flux flow
from one edge of the sample to the other. This one way movement
results in a non-zero time-averaged electrical field. The second
phenomenon, which dominates at high currents, is the flux creep; flux
lines move because the high current and/or the high magnetic field
cause a decrease in the activation energy.

By comparing the results obtained for BSCCO and YBCO we are able
to give additional support to the proposed scenario. At low currents
we find the same response for both tapes, i.e. a power low dependence
of E on I with a power ~2, as expected from the "dynamic resistance"
model. At high currents and low frequency, BSCCO and YBCO yield
different powers (~15 and ~25, respectively) as expected from the
difference in their pinning energies.

The physical scenario that emerges from our experiments is therefore
as follows: At low currents the activation energy is strong enough to
minimize the effect of creep as compared to the effect induced by the
AC current. Above I, U is relatively small and flux creep is the main
reason for energy loss. The similar crossover is obtained by changing
the amplitude and/or frequency of the applied AC field. Increasing the
amplitude decreases U, as with increasing current, while decreasing
frequency increases U due to the longer time window of the
experiment.
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	תכונות של מוליכי על
	 עבודות קודמות
	בעבודה נמדדו חוטים BSCCO-2223 בעלי זרם קריטי של 146 A וחוטי YBCO בעלי זרם קריטי של .82 A החוטים ניקנו מחברת ASC. התוצאות מוצגות בצורת גרפים של שדה חשמלי כתלות בזרם הזורם במוליך-על. אורך החוט הוא כ-30 סנטימטר. מרחק בין מגעי מדידת מתח הוא 10 סנטימטר.
	מדידות E(t) בוצעו על אותם הדגמים ששמשו אותנו במדידות E-I. התוצאות מוצגות בצורה של גרפים התלויים בזמן של המתח המתפתח במוליך-על כאשר מופעל שדה מגנטי חיצוני במאונך לדגם. בחלק מהגרפים הוחלף ציר הזמן בפזה של השדה החיצוני לצורך תצוגה טובה של המתרחש בכל מחזור של השדה המגנטי המופעל.

