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Study of the Short-time Fast Relaxation of Induced Currents in High T Superconductors
using Magnetic Hysteresis Loops
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Magnctic hysteresis loops measurcd with varions field sweep rates (sometimes called the dynamic
relaxation - DR) cnables to extend the time scale of observable rclaxation of induced magnetic moment M to

subsccond region even in high magnetic ficlds and to study fast relaxation processes in vortex syslcm.
Relaxation and DR dia measured on YBa;CuzOy thin film cover the range of relaxation times 10-2-10% s

corresponding to the range of relaxation ries df Wt over more than 6 orders of magnitude.

Relaxation of supcrconducting current jo and
the directly related induced magnetic moment
‘M = -2 j.. where  is a constanl, is usually
described in terms of time dependencies M)
and/or j (1) measurcd after a large preceding change
of external magnetic ficld B, (the conventional
relaxation. CR) {1]. There arc some drawbacks of
this approach: (i) The available time window is
usuaily limited at short times by the nonzero
transition period from the fast ficld sweep 10 the
regime of constant Ji, 12} For common power
supplies it represents delay of several seconds. This
transition fime can be significantly shortened if
final B,=0 {3]. but vortex system is ralher compli-
cated in this case. (i) The long time measuretents
are somctimes affected by temperature instability of
the experimenial set up. (iit) There is always a
considerable uncerfainty in the ime scale origin.

Due to these limitations CR is not very suitable
for dircct study of the interesting range il initial fast
relaxation processes in vorlex systems. More
straightforward physical approach to relaxation
processes is based on the analysis of the relation
between current J (¢B..7) and the rate of current
relaxation («f t)iB,7) [4]. Because djidl s
equivalent to the electric ficld /7 we can combine CR
wilh transport measurements where j(E) dependence
is recorded dircctly. While CR covers range of low
F. we measurg much higher £ by the transport
measurements. The intermediate range of electric
liclds can be studicd using transformed data from
magnctic  hysieresis loops recorded with various
rales of ficld sweep oB,dt [5.6]. This mcthod

(called also the dynamic relaxation. DR) ‘extends the
range of relaxation rates by a few orders of
magnitude in comparison to the CR. The jo(# or
dj/di) data obtained from Iransport or DR experi-
ments can be transformed finally into an cquivalent
time dependence and compared with the CR data.

{n this paper we present new DR data 7 (¢l 1)
and describe the way the data are transformed inlo
the time dependence j(f). Aller the transfonmation
the DR data cover a short time range, (ypically
between 107 and 10 5. [n the following we will wse
function g(fy) to depict the time derivative of the
superconducting current g(f ) = [ef /i [S]. This
simple differeniial equation can be inlegrated as

ir HIEY
GG =6+ ] -
is e(is')
where j, = jft,). The integration constant /. will be
discussed latcr. This definition of the "integral”
time {; can be modified into form more suitable for
practical calculations as g usuaily varics by several
orders of magnitude
|"(2r)q
t(g)=t+ | ~Cdin(g). @
(g
where -"'d,:f"Idf}"f”"l'ﬁ!'” and g, g0t
In the special case of the purcly logarithmic
relaxation of the Anderson-Kim type |7} Sz =
const. and we oblain '

ti(g) =Sair /e + (t; —Sair /8 )- &)
Though we may use in gencral any value of 7,. only
the special choice of the integration constant f,. =

(h
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.\*‘,U,’g,. vields a simple relation between time #; and
the relaxation rate g=|dfdi| as t; = Sgi/g 16}
This choice of ¢, naturally yields the simple
dependence linear in Inf as j 1) =j¢p - S Iny;, where

‘, and S = df JdIng; ate constanis. Moreover, only
A5l s i 1

for such choice of 1, we have .S’tﬁf-f S, which also
means that £;={,4, where {7 is delined as 17 = 5.

DR data are very suitable for such analysis as
constant sweep rate B /dt during MIIL recordmg,
implics constant relaxation rate (6]

g dj‘ — x_ﬂﬂ{c. {4
" dt op, dt

which follows from the equation of motion of
_dis _ X dBe  Av,B P(j,.T.B,)

— = — J_Ii! aldp fy (5)

dt  Op, dt Qu,
where 7, is the differential susceptibility, A is a
geometric factor and P is the vortex hopping
probabitity [2.5]. Internal field 8; = A,

Measurcments of induced magnetic moment
were performed on  the  vibraling  sample
magnetometer PAR 155 and the superconducting
current was evaluated according lo the Bean model.
MHLs were recarded in 8, swept up to 2 T, Seven
sweep rates 73d! ranging from 88 to 0.838 mT/s
were used, which correspond according to Eq. 4 0
seven valnes of the retaxation rate f /Y. In addition
we measuted CR at constant B. Both dats were first
expressed in terms of jo and df/df and then
transformed into the time dependent relaxation
using Bq. 2. sce Fig. 1. We used the integration
constant 1, equal to .S'd,-f{g. i.e. assuming such time
scale that df /il = djgding at the point with
highest mecasurcd j,. We see that  the MHL data
cover the time scale down 1o ¢ = 30 ms.

In conclusion. whereas the j vers. (df/dt or £)
at a given 7 and 73, is an unambiguous function
[4.5]. fof) (and in particular the j (Ing)) depends
very much on the time scale. However, there is one
important consequence of Eq. 1. Assuming that we
know the j(F} dependence up to very high currents
{e.e. from combined magnclic and transport jg
measurements), we can attribute time 1; to each j¢
valuc in the all range of j, using Eqs. 1 or 2. The
value of the inlegration constant 1, is the time
corresponding to the highest measured j (by any
method, including MHL or a transpott mcasure-
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Fig. It The time dependett relaxation of ;o evaluated
from both CR and MIL measurements on YBCO tun
filmat 7= 6.8 K and Bt’. =1T.

ment). Though the choice of /. is in general
arbitrary, there is very advantageous to define time /
= {) {0 be the time of the vortex state with j¢ cyual 1o
the very high critical depinning current j,. In such
case ¢, would be the time corresponding to (virtual)
conventional relaxation between /., and the highest
measured j; value. Then all - fo1) dependencics
measurcd at a given T and B3, by differcnt methods
overlap and we have unambiguous function jyf}.
Relaxation in vortex sysiems is usnally closc 1o the
logarithmic one and so we can usc (he value £, =
'("rh]{?r = (ghrg) (.‘s‘dr-jf(d{i/dr)) deduced for purely
logarithmic relaxation. This approach was also used
for evaluation of data in Fig. 1,
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