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We have studied the interaction of alternating magnetic fields with granular high temperature
superconductoréHTSC) with a magnetization distribution in the HTSC volume. The expressions

for resonance frequencies of a permanent magnet levitated above a HTSC sample were found for
five oscillation modes. An original method for determination of the superconducting grains’ volume
fraction is proposed. €1996 American Institute of Physid$S0003-695(196)02201-4

There is considerable current interest in systems where an the PM amplituded,>° but in this work our attention is
permanent magnéPM) is levitating above a high tempera- focused on extrapolated values ®fwhen A—0 (Table ).
ture superconductdHTSC) for both practical applicationg Earlier we had studied theoretically the elastic interac-
as well as for basic researgfiIn the latter case the PM is a tion of the PM with granular HTS€and found the expres-
sensitive detector of structure and macroscopic magnetigions for resonance frequencies of PM small oscillatoins.
properties of granular HTSE2 In this work we have pro- those works two assumptions were madg:the granular
posed an original method for determining the volume frac-HTSC at 77 K may be considered as a set of isolated super-
tion of superconducting grains by performing the measureconducting grains with a density; (i) the influence of the
ment of the resonance frequencies of two modes of pp\gtatic magnetization on elastic properties of the PM-HTSC
forced oscillations. system can be neglected. The first assumption was supported

The measurements were performed using the PM-HTS®Y experimental results for Y sgmpl%é‘.’ The same cannot
system that was described in detail in our previous wérks. D€ said of the second assumption. Moreover, the previously
Figure 1 shows the experimental configuration. Sphericafiérived pxpressmﬁwlelq unphysllfal values of the super-
SmCg PM of massm=0.021 g, diameted=0.16 cm, and conducting volume fractiofa>1).
magnetic momenk=1.2 G cnf freely levitated at a distance To account for elastic properties of the PM-HTSC sys-
xo above the granular HTSC tablet having a diameter of€M We consider its total free energy in more detail:
D=4 cm and a thickness dfi=1 cm. The ratio of sizes 3 [HO=n) ) )
(D>h>x,>d) allowed the PM to be regarded as a point F(r)=—mgr—fv dr fo M(H")dH’, @
magnetic dipole resting over the flat semi-infinite granular °
superconductdtThe forced oscillations of the PM were ex- Wherer is the PM positionH is its magnetic fieldM (H) is
cited by the ac coil located above the magnet so that vectof§€ magnetization of HTSC graing is the superconducting
of the coil magnetic field and its gradient over the PM areadrains’ volume. For elasticitk of small PM displacements
did not coincide withx, y, z axes in Fig. 1. & relative to generalized coordlnate§=?<,y,z,xow,xoa,

In this work we focused on the granular Y@a,0, ,  WhendB=dH—4méM= const, we may write
superconductor withT ;=92 K which was prepared by a 9°F
standard sintering methddTypical dimensions of the com- ks:Gswizﬁ—(fZQ[H(S)Jr 12(s)], v
ponent grains were 10—20m. Two types of samples were S
used in our experiments. They were the ceramic saride ~ Where
1) and the composite samp(dlo. 2). The first one was cut
from a sintered superconductor. The composite sample was
formed from dispersed grains of superconductors in an insu-

lating paraffin. The dispersed grains were obtained by grind- , AC coil
ing a piece of Y superconductor. For comparison we have g

also investigated the ceram(Nlo. 3) and compositéNo. 4) PM
samples that were made of (PBi g0,S,CaCuz0, super- Z K ‘ y

conductor withT.=120 K.
There are five modes of PM oscillations in such a
PM-HTSC system: three translation modssx,y,z (along
the corresponding axgsand two rotatior(or torsior) modes, v

s=¢ and @ (aroundx andy axes, respectively Every mode
has a resonance frequeney dampings, and a dependency X

3E|ectronic mail: kord@d24imp.kiev.ua FIG. 1. The experimental configuration.
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TABLE |. The experimental and theoretrical parameters of PM-HTSC system for different HTSC sdhhples

1: ceramic Y sample, No. 2: composite Y sample, No. 3: ceramic Bi sample, No. 4: composite Bi)sample
Xo: the PM stable equilibrium positionp: the values of PM resonance frequency for all five modes of its
oscillations;a: the superconducting volume fractiof; the parameter from Ed9).

Sample wy, Hz wy, Hz w,, Hz wy, Hz wy, Hz
Nos. Xp, CM (exp) (exp./theon. (exp) (exp./theop.  (exp./theon. a B
1 0.23 24.0 7.0/6.9 12.0 40/41.6 69/72.0 0.76  0.50
2 0.16 34.5 10.7/10.9 18.6 42/44.8 71/74.9 027 044
3 0.25 21.0 7.216.4 11.0 37/41.4 63/70.1 0.90 0.46
4 0.17 29.5 10.6/10.6 18.4 43/47.1 69/73.9 029 0.32
1 5[ 9H 2 —H(r)], where x is the Heaviside step function. It can be
l1(s)= 47 )y dr (9_qs ' 3) easily seen that the ratios bf(s) to I,(x) do not depend on
theH. parameter over a wide range for the translation modes
9°H (s=Y,z). We may write
|2(s):—J dr3<M~ —Z) (4)
\Y d0s MZ
There G,=G,=G,=m, G,=G,=(1/10)m(d/xo)? V is 2(8)=5¢s 55 @)

the volume of the HTSC sample.

The first integral Eq(3) is free from any information where 8 is a unitless constant that depends on the HTSC
about physical properties of the specific HTSC sample. Thematerial (and generally, on the PM-HTSC configuratipn
considering thatH(r)=—V[(ur)/r®], where u=pu(siné, and ¢ can be obtained from the following expression
cosésin ¢, cosf cosy), we may evaluate it symbolically

2
2 1f 3<
(=& ©) X 4 v

and {,=3/16,-3/64,-9/64,—1/16,—1/16 (for s=x,y,zi},0).
Then Eq.(2) can be written as follows:

J°H
Jd; ) ' ®

where, for uwlz, £,=3/16,3/64,9/64,1/16,1/8 (for s

=X,Y,Z,¥,0).
As for the second integral Ed4), it depends on the ) u?
M (H) function and hence both on equilibrium magnetization ~— Gsws=a(&s+ ﬁgs); : 9
0

Mg(H) that is a thermodynamic function and on the non-

equilibrium partAM =M —M, that is a consequence of the  Thus, only two parameters are necessary to describe an
strong plnnmé.ln HTSC. _ elasticity of the PM translation displacements in the PM-
The experimental parameters presented in Table | wergiTSC system. Two resonance frequencies for thend z

obtained for the PM stable equilibrium positiap. There is  modes were chosen. The valuesigf3 and other frequencies
a wide range of quasistable ones in the PM-HTSC systéms that were obtained from Eq9) are presented in Table | for
but only one of them is a really stable position from the

HTSC thermodynamic standpoihffo carry the PM to the ,
Xo position we vibrated it with 0.1 cm amplitude for a time. ' L e e e e L
Such drift was investigated early for HTSC samples levitat-
ing in a magnetic field? ol , . 3

From the above reasoning for the PMxp position we F ]
may believe that

J drd
v

and magnetization in Eq(4) is the equilibrium one
Mo(H). Consequently, the second integral in E2). carries
the information mainly about the thermodynamical magnetic [ L '
properties of the HTSC grains, and we must know the 0 0 &
Mo(H) function for calculating its contribution in Eg2). - H . 0e
Just the same, it turned out that the relative values of

l2(s) for the different modes do not depend practically OnFIG 2. The evaluation of contribution from intragrain magnetization to
this function. Figure 2 shows the results of numerically inte-_ .~

. elasticity of the PM-HTSC system. The results of numerically integrating
grating Eq. (4) over the area Xp<x<3Xg, —3Xo<Yy Eq. (4) over the areaxX,<x<3Xy, —3Xo<y<3X,, —3X,<z<3Xx,) for

<3Xg, —3x9<z<3xqy) for M(r)=(—1/4mH(r)x[H, M(r)=(—1/4mH(r)x[H,—H(r)], wherey is the Heaviside step function.
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