D6 EA F3 Bi-2223 6K :Y B? ?D %F!< %W $N Mz Nr B; <: Hysteresis Loss in a Sup erconducting Bi-2223 T ap e with Fine Filamen ts 6e =# 9) 6H Bg 3X >p Js 9) 3X It EE ;R >p Js 9) 3X 2J >. ED It Aq ;J , >> 2< >H CK =; M’ EE 9) 4p HW 5; =Q 8& 5f =j F# >e =c , Bg >> 0l Li Departmen t of Computer Science and Electronics, Kyush u Institute of T ec hnology Edm und So ji Otab e, T eruo Matsushita Basic High T ec hnology Lab oratories, Sumitomo Electric Industries J. F ujik ami, K. Ohmatsu Abstract| The energy loss densit y w as measured for a Bi-2223 tap e with sup erconduct- ing �lamen ts of a v erage thic kness 2.5 � m to con�rm the reduction of energy loss densit y due to the rev ersible uxoid motion. The energy loss densit y is compared with a theoretical estimation using the irrev ersible mo di�ed Kim mo del. The observ ed v alue is low er than the theoretical v alue at A C �eld amplitudes b elo w the p enetration �eld at temp eratures ab o v e 77 K. The slop e of the minor magnetization curv e is less than unit y and the estimated A C p enetration depth is longer than the a v erage �lamen t thickness this temp erature region. These results sho w that the reduction of the energy loss density is due to the rev ersible uxoid motion. 1. $O $8 $a $K Bi-2223 6d %7!< %9 %F!< %W @~ $O D9 <\ 2= $, MF 0W $G $" $k $H $$ $& $3 $H $+ $i EE NO %1!< %V %k $d JQ 05 4o $N ;n :n $K ;H $o $l $F $- $F $* $j 1) !" >& MQ <~ GH ?t $K $* $1 $k 8r N. B; <: $N Dc 8: $, EE NO 1~ MQ $K $* $1 $k 80 $H $J$C $F $$ $k!# 6b B0 7O $N 6K :Y B? ?D @~ $G $O B; <: %( %M %k %.!< L) EY $O NL ;R 2= <’ B+ $N 2D 5U 1? F0 $K $h$C $F NW 3& >u BV %b %G %k $N M= A[ $h $j $b 7‘ E* $K 8: >/ $5 $; $k $3 $H $, $G $- $k $H $$ $& $3 $H $, CN $i $l $F $$ $k 2, 3) !# $3 $l $^ $G $K!" 61 ?D $N %U%# %i %a %s %H $G $= $N J? 6Q $N 8| $5 $, 10 � m $G $" $k Bi-2223 6d %7!< %9 B? ?D @~ $N Mz Nr B; <: L) EY $K $D $$ $F D4 $Y $? 4) !# $= $N 7k 2L!" B; <: %( %M %k %.!< L) EY $O 100 K 0J >e $N 29 EY $K $* $$ $F NL ;R 2= <’ B+ $N 2D 5U 1? F0 $N $? $a $K NW 3& >u BV %b %G %k $N M= A[ $h $j $b >. $5 $+$C $?!# $7 $+ $7 77.3 K $G $N B; <: $N Dc 8: $O C# @. $5 $l $J $+$C $? $N $G!" 77.3 K $K $* $$ $F $b B; <: %( %M %k %.!< L) EY $, Dc 8: $5 $l $k $3 $H $, K> $^ $l $k!#

D6 EA F3 BN $N M- 8z %5 %$ %: d $, Campb ell $K $h$C $F Dj 5A $5 $l $? 8r N. <’ 3& $N ?/ F~ ?< $5 � 0 0 5) $h $j $b Bg $- $$ $H $- $K $O!" %T %s %K %s %0 $K $h $k Mz Nr 7? $N B; <: %( %M %k %.!< L) EY $O NW 3& >u BV %b %G %k $K $h$C $F $h $/ 5- =R $9 $k $3 $H $, $G $- $k!# $3 $N B; <: $O <g $K NL ;R 2= <’ B+ $, %T %s %K %s %0!& %] %F %s %7%c %k $K Mn $A 9~ $‘ $H $- $H Ht $S =P $9 $H $- $K @8 $8 $k!# $7 $? $,$C $F!" $3 $N 8= >] $O NL ;R 2= <’ B+ $N 1? F0 $, %T %s %K %s %0!& %] %F %s %7%c %k Fb $K @) 8B $5 $l $F $$ $k $H $- $K $O $[ $H $s $I 2D 5U $G $" $k $H 4| BT $G $- $k!# $3 $N >r 7o $O d $, � 0 0 $K Hf $Y $F F1 Dx EY $+ >. $5 $/!" $^ $? 8r N. <’ 3& ?6 I} $, 2 p 3(2 � 0 0 =d ) 2 B p = b B p $h $j $b >. $5 $$ $H $- $K @. $j N) $D!# >e $G B p = � 0 J c d= 2 $O Cf ?4 E~ C# <’ 3& $G $" $j!" J c $O NW 3& EE N. L) EY $G $" $k!# 8r N. <’ 3& $N ?/ F~ ?< $5 $O M} O@ E* $K � 0 0 = B a f � 0 J c � ! 1 = 2 (1) $G I= $5 $l $k!# $3 $3 $G a f $O NL ;R 2= <’ B+ $N 4V 3V!" � $O %T %s ;_ $a Cf ?4 $N <o N‘ $K 0M B8 $9 $k Dj ?t $G $@ $$ $? $$ 2 � $G $" $k 2) !# (1) <0 $K $h $l $P!" � 0 0 $O 29 EY $d <’ 3& $, 8: >/ $7 $F J c $, A} 2C $9 $k $H 8: >/ $9 $k!# $7 $? $,$C $F!" Bi-2223 B? ?D %F!< %W @~ $G $O 77.3 K $K $* $$ $F B; <: %( %M %k %.!< L) EY $N 8: >/ $r C# @. $9 $k $? $a $K $O %U%# %i %a %s %H $N 8| $5 $r 77.3 K, 0.01 T $G $N � 0 0 $N CM $G $" $k 2 � m Dx EY $^ $G 8: >/ $5 $; $k I, MW $, $" $k 4) !# K\ 8& 5f $G $O!" B; <: %( %M %k %.!< L) EY $H 8r N. <’ 3& $N ?/ F~ ?< $5 $r!" J? 6Q $N %U%# %i %a %s %H $N 8| $5 $, 2.5 � m $G $" $k Bi-2223 %F!< %W @~ $K $* $$ $F $5 $^ $6 $^ $J 29 EY $G B, Dj $7 $?!# B, Dj $5 $l $? 7k 2L $O A0 2s $N 7k 2L $^ $? =$ @5 Kim %b %G %k $H $b Hf 3S $7!" NL ;R 2= <’ B+ $N 2D 5U 1? F0 $K $h $k B; <: %( %M %k %.!< L) EY $N 8: >/ $K $D $$ $F 5D O@ $9 $k!# 2. <B 83 ;n NA $O Bi-2223 B? ?D %F!< %W $G $" $j!" ;n NA $N =t 85 $r T able I $K <( $9!#D> N. <’ 2= B, Dj $r SQUID <’ NO 7W (MPMS-7) $r MQ $$ $F 9T$C $?!# B, Dj 29 EY $O 10{100 K $N HO 0O $G $"$C $?!# <’ 3& $O ;n NA I= LL $K J? 9T $K!" $+ $D %U%# %i %a %s %H $N D9 <j J} 8~ $K ?b D> $K 0u 2C $7 $?!# <’ 3& $N ?6 I} $O 1 mT $+ $i 1.0 T $N HO 0O $G JQ 2= $5 $; $?!# $3 $N >r 7o $G!" <’ 3& $O c <4 $K ?b D> $G $" $j!" <W JC EE N. $O <g $K %U%# %i %a %s %H $N D9 <j J} 8~ $K N. $l $k!# $^ $? D6 EA F3 BN $N M- 8z %5 %$ %: d $O %U%# %i %a %s %H $N 8| $5 $G M? $( $i $l $k!# $3 $3 $G $O 4J C1 $N $? $a $K %U%# %i %a %s %H $N 8| $5 $N J, I[ $O L5 ;k $7 $F J? 6Q CM d = 2 : 5 � m $r MQ $$ $k $3 $H $H $9 $k!# T able I: Sp eci�cation of Bi-2223 m ulti�lamen tary tap e. cross section (mm) 3 : 0 � 0 : 22 v olume fraction of sup erconductor (%) 14 n um ber of �lamen ts 1369 a v erage �lament thic kness ( � m) 2.5 critical temp erature (K) 109.5

3. 7k 2L 5Z $S 8! F$ Fig. 1 $O 77.3 K $G B, Dj $5 $l $? <’ 2= 6J @~ $r <( $9!# <’ 2= Mz Nr $N I} $O <’ 3& $r A} 2C $5 $; $k $K $D $l $F 5^ 7c $K 8: >/ $9 $k!# $3 $l $O $3 $N 29 EY $G $O 9b <’ 3& $G $N <’ B+ %/ %j!< %W $N 8z 2L $, Bg $- $$ $? $a $H 9M $( $i $l $k!# $^ $? NW 3& EE N. L) EY $, Hf 3S E* >. $5 $/ %U%# %i %a %s %H $, Gv $$ $N $G H? <’ @- $N 8z 2L $, 82 Cx $G $" $j!" <’ 2= 6J @~ $, >e 2< $K BP $7 $F Hs BP >N $K $J$C $F $$ $k!# NL ;R 2= <’ B+ $N 2D 5U 1? F0 $N 1F 6A $O!" 30 It <’ 3& $N %9 %$!< %W $r H? E> $5 $; $? $H $- $N D> N. <’ 2= $N %^ %$ %J!< 6J @~ $N 8{ G[ S $K $b 8+ $i $l $k!# Bean $N NW 3& >u BV %b %G %k $K $h $l $P!" S = 1 $H M= A[ $5 $l $F $$ $k!# $7 $+ $7 $J $, $i S $O NL ;R 2= <’ B+ $N 2D 5U 1? F0 $N 1F 6A $, 82 Cx $J :] $K 1 $h $j $b >. $5 $/ $J $k!# M} O@ E* $K $O S $O � 0 0 $K $N $_ 0M B8 $7 $F $$ $F!" S = 1 � 2 � 0 0 d tanh d 2 � 0 0 (2) $N $h $& $K M? $( $i $l $k!# $7 $? $,$C $F!" � 0 0 $O B, Dj $5 $l $? S $N CM $+ $i I> 2A $9 $k $3 $H $, $G $- $k 3) !# $5 $^ $6 $^ $J 29 EY $K $* $1 $k S $N <’ 3& 0M B8 @- $r Fig. 2 $K <( $9!# Dc $$ 29 EY!" Dc $$ <’ 3& $N $H $3 $m $G S $O 1 $K 6a $/!" NL ;R 2= <’ B+ $N 1? F0 $, $[ $\ IT 2D 5U $G $" $k $H $$ $& $3 $H $, $o $+ $k!# $7 $+ $7 $J $, $i!" S $O 9b $$ 29 EY $K $* $$ $F <’ 3& $r A} 2C $5 $; $k $3 $H $K $h $j 5^ 7c $K 8: >/ $9 $k!# $3 $N 7k 2L $O (1) <0 $* $h $S (2) <0 $K $h $j @b L@ $G $- $k!# $D $^ $j 29 EY 5Z $S <’ 3& $r A} 2C $5 $; $k $H J c $O 8: >/ $7!" � 0 0 $, A} Bg $9 $k $? $a $G $" $k!# :# 2s $N S $N CM $O A0 2s $N $* $h $= 10 � m $N %U%# %i %a %s %H 8| $5 $r ;} $D ;n NA $K Hf $Y $F >. $5 $$!# $3 $l $O :# 2s $N ;n NA $K $* $$ $F %U%# %i %a %s %H 8| $5 $, >. $5 $$ $3 $H $+ $i NL ;R 2= <’ B+ $N 2D 5U 1? F0 $, $h $j 82 Cx $G $" $k $3 $H $r 0U L# $9 $k!# $7 $? $,$C $F!" B; <: %( %M %k %.!< L) EY $N Dc 8: $, $h $j Dc 29 $K $* $$ $F 4| BT $G $- $k!# Fig. 1: Magnetization curv es in Bi-2223 m ulti�lamen tary tap e at 77.3 K. Solid line represen ts the theoretical prediction from the mo di�ed Kim mo del in whic h the ef- fect of diamagnetism is tak en in to accoun t. Used parameters are giv en in T able I I. Fig. 2: Slop e of minor magnetization curve vs. magnetic �eld at v arious temp eratures.

$5 $^ $6 $^ $J 29 EY $G B, Dj $5 $l $? B; <: %( %M %k %.!< L) EY W $H 8r N. <’ 3& ?6 I} B m $N 4X 78 $r Fig. 3(a) $K <( $9!# Dc 29 EY $K $* $$ $F $O W $N 29 EY 0M B8 @- $O NW 3& >u BV %b %G %k $N M= A[ $H 0l CW $7 $F $$ $k!# $D $^ $j 29 EY $r >e >: $5 $; $k $3 $H $K $h $j B p $, 8: >/ $7!" W $O 9b $$ B m $K $* $$ $F 8: >/ $7!" Dc $$ B m $K $* $$ $F $O A} Bg $7 $F $$ $k!# $7 $+ $7 $J $, $i 9b 29 EY $K $* $$ $F $O W $O 29 EY $N >e >: $K $7 $? $,$C $F Dc <’ 3& ?6 I} NN 0h $G $b 8: >/ $7 $F $* $j!" NW 3& >u BV %b %G %k $N M= A[ $+ $i $O $: $l $F $$ $k!# $3 $l $O E5 7? E* $J NL ;R 2= <’ B+ $N 2D 5U 1? F0 $N 8z 2L $G $" $k!# Fig. 3(b) $K $* $$ $F!" A0 2s $N %U%# %i %a %s %H $, 8| $$ ;n NA $N 7k 2L 4) $H $N Hf 3S $r 77 K $H 100 K $K $D $$ $F 9T$C $F $$ $k!# N> J} $N 29 EY $K $* $$ $F!" W $O $9 $Y $F $N 8r N. <’ 3& ?6 I} NN 0h $K $* $$ $F 8: >/ $7 $F $$ $k!# $3 $l $b NW 3& >u BV %b %G %k $N M= A[ $H $O L7 =b $7 $F $$ $k!# $7 $? $,$C $F 7k O@ $H $7 $F!" 29 EY $, 77 K $h $j $b 9b $$ $H $3 $m $G 8r N. B; <: $O NL ;R 2= <’ B+ $N 2D 5U 1? F0 $K $h $j 8: >/ $7 $F $$ $k $H $$ $( $k!# <! $K B; <: %( %M %k %.!< L) EY $N =$ @5 Kim %b %G %k $K $h $k M= A[ CM $H $N Hf 3S $r 9T $&!# Fig. 3(b) $N Cf $G!" 0l E@ :? @~ $O D6 EA F3 BN $N H? <’ @- $r 9M N8 $7 $? =$ @5 Kim %b %G %k $K 4p $E $/ M} O@ 7W ;; $N 7k 2L $G $" $k 4) !# $3 $3 $G J c $N <’ 3& 0M B8 @- $O 6I =j E* $J <’ 3& $r B l $H $7 $F J c ( B l ) = � 0 j B l j + B 0 1 � j B l j B i ! (3) $N $h $& $K 2> Dj $5 $l $F $$ $k!# $3 $3 $G � 0 $H B 0 $O %Q %i %a!< %?!" B i $O IT 2D 5U <’ 3& $G $" $k!# H? <’ @- $N 8z 2L $O I= LL $G $N 30 It <’ 3& B $H D6 EA F3 BN I= LL $N <’ 3& B (0) $N 0c $$ $r F3 F~ $9 $k $3 $H $K $h $j 6a ;w E* $K I= 8= $9 $k $3 $H $, $G $- $k!# B (0) = B + B s (4) Fig. 3: (a) Energy loss densit y vs. A C �eld amplitude at v arious temp eratures. (b) Comparison with previous result on sp ecimen of d = 10 � m 4) at 77 K and 100 K. Chained line and dotted line represen t prediction from the mo di�ed Kim mo del and its correction m ultiplied b y ( d= 2 � 0 0 ) 4 = 4 at 77 K, resp ectiv ely .

$3 $3 $G B s ( < 0) $O H? <’ @- <’ 2= $G $" $k!# $^ $? B s $O 4J C1 $K <! $N $h $& $K 2> Dj $7 $?!# B s = � B c1 B � � B c1 ( B � � B ); B > B c1 = � B ; B c1 > B > � B c1 = B c1 B � � B c1 ( B � + B ); � B c1 > B (5) >e <0 $G B c1 $O 2< It NW 3& <’ 3& $G $" $j!" B � $O H? <’ @- $, L5 ;k $G $- $k $h $& $K 8: >/ $9 $k <’ 3& $N L\ 0B $G $" $k!# $3 $l $i $N %Q %i %a!< %? $O <’ 2= Mz Nr 6J @~ $N <B 83 $H M} O@ 7k 2L $, $h $$ 0l CW $r $9 $k $h $& $K 5a $a $i $l $?!# $3 $N 7k 2L $r Fig. 1 $K!" $^ $? 77.3 K $G $N %Q %i %a!< %? $N CM $r T alb e I I $K <( $9!# W $N 7W ;; 7k 2L $O 9b $$ 8r N. <’ 3& ?6 I} $K $* $$ $F <B 83 7k 2L $H 0l CW $9 $k $b $N $N!" Dc $$ 8r N. <’ 3& ?6 I} $K $* $$ $F $O <B 83 7k 2L $h $j $b Bg $- $$!# $3 $N 7k 2L $O B; <: $N Dc 8: $, NL ;R 2= <’ B+ $N 2D 5U 1? F0 $K $h $k $b $N $G $" $k $H $$ $& $3 $H N" IU $1 $F $$ $k!# 0l J}!" W $O 100 K $r =| $$ $F B m $N 8: >/ $K H<$C $F C1 =c $K 8: >/ $O $7 $F $$ $J $$!# $3 $l $O 0l It $O %U%# %i %a %s %H $N %V %j%C %8 %s %0 $N 1F 6A $, $" $k $b $N $H $_ $i $l $k!# 8= <B $N 1~ MQ $K $* $$ $F $O %U%# %i %a %s %H $N %V %j%C %8 %s %0 $O 87 $7 $$ Ld Bj $G $" $k!# $7 $+ $7!" $b $7 >- Mh $K $* $$ $F @= K! 5; =Q $, H/ E8 $7 $F %U%# %i %a %s %H 4V $N %V %j%C %8 %s %0 $, 40 A4 $K =| 5n $5 $l $l $P!" :# 2s $N Js 9p $N $h $& $K 8r N. B; <: $O 8: >/ $5 $; $k $3 $H $, $G $- $k!# Dc $$ 8r N. <’ 3& ?6 I} $N $* $1 $k W $N A} 2C $K 4X $9 $k B> $N 2D G= @- $K $D $$ $F $O 8e =R $9 $k!# :G 8e $K 8r N. <’ 3& $N ?/ F~ 5w N% $K $D $$ $F 5D O@ $r 9T $&!# Fig. 4 $K S $H (2) <0 $+ $i I> 2A $7 $? $5 $^ $6 $^ $J 29 EY $G $N 8r N. <’ 3& $N ?/ F~ 5w N% $N <’ 3& 0M B8 @- $r <( $9!# 29 EY $^ $? $O <’ 3& $r A} 2C $5 $; $k $3 $H $K $h $j � 0 0 $O A} Bg $9 $k!# <B @~ $O (1) <0 $K $h $k M} O@ 7W ;; 7k 2L $G $" $k!# $3 $3 $G J c $O <’ 2= Mz Nr $h $j Bean %b %G %k $r MQ $$ $F I> 2A $7 $F $$ $k!# M} O@ $H <B 83 $N Hf 3S E* NI $$ 0l CW $r F@ $k $3 $H $, $G $- $F $$ $k!# Dc $$ 29 EY $K $* $$ $F <c 43 $N $: $l $, $" $k $,!" $= $l $O S $, 1 $K 6a $/ $J $j!" (1) <0 $N 8m :9 $, Bg $- $/ $J$C $? $? $a $G $" $k!# $7 $? $,$C $F (1) <0 $r MQ $$ $F S $, 1 $K 6a $$ $H $3 $m $r =| $$ $F � 0 0 $r I> 2A $9 $k $3 $H $, $G $- $k!# NL ;R 2= <’ B+ $N 2D 5U 1? F0 $O d= 2 � 0 0 < � 1 $N $H $3 $m $G 82 Cx $G $" $k!# A0 2s $N d = 10 � m $N ;n NA $K $* $$ $F $O $3 $N >r 7o $O 100 K 0J >e $G $7 $+ K~ $? $5 $l $J $+$C $?!# 0l J}!" :# 2s $N d = 2 : 5 � m $N ;n NA $G $O 77.3 K 0J >e $G $3 $N >r 7o $, K~ $? $5 $l $F $$ $k!# $3 $l $O Fig. 3 $N 7k 2L $H 0l CW $7 $F $$ $k!# Campb ell %b %G %k 7) $r MQ $$ $F NL ;R 2= <’ B+ $N 2D 5U 1? F0 $r 9M N8 $7 $? T ak� acs $H Campb ell $K $h $k M} O@ 7W ;; $K $h $k $H!" d= 2 � 0 0 � 1 $N $H $- B; <: %( %M %k %.!< L) EY $O ( d= 2 � 0 0 ) 4 = 4 G\ $[ $I T able I I: P arameters used for the mo di�ed Kim mo del at 77.3 K. � 0 B 0 B i B c1 B � (N/m 3 ) (T) (T) (T) (T) 3 : 0 � 10 7 2 : 5 � 10 � 2 3 : 0 � 10 � 1 2 : 5 � 10 � 4 1 : 0

Fig. 4: Magnetic �eld dep endence of A C p enetration depth at v arious temp eratures. Solid lines are theoretical v alues of Eq. (1) with J c estimated from magnetization h ysteresis. 40 A4 $K IT 2D 5U $J Bean %b %G %k $N M= A[ $h $j $b >. $5 $$!# $3 $l $O 8r N. <’ 3& ?6 I} $, B p $h $j $b >. $5 $$ $H $- $K @. $j N) $D!# 87 L) $K $O W $K BP $9 $k $3 $N =$ @5 0x ;R ( d= 2 � 0 0 ) 4 = 4 $O Bean %b %G %k $K $N $_ M- 8z $G $" $k $,!" B> $N NW 3& >u BV %b %G %k $? $H $( $P Irie-Y amafuji %b %G %k $G $b 6a ;w E* $K ;H $( $k $3 $H $, CN $i $l $F $$ $k 3) !# $b $7 $3 $N =$ @5 0x ;R $r :# 2s $N >l 9g $K $D $$ $F MQ $$ $k $H!" 77.3 K $K $* $1 $k W $O Fig. 3(b) $N GK @~ $N $h $& $K 8: >/ $9 $k $H M= B, $5 $l $k!# $3 $3 $G =$ @5 Kim %b %G %k $O 0l E@ :? @~ $G <( $7 $F $$ $k!# W $N 79 8~ $O $3 $N =$ @5 0x ;R $K $h $j @b L@ $G $- $k $3 $H $, $o $+ $k!# $7 $? $,$C $F!" >e =R $N =$ @5 0x ;R $O 8r N. B; <: $N 6a ;w E* $J I> 2A $K $O M- 8z $G $" $k $H ;W $o $l $k!# $3 $l $O B, Dj $+ $i J, $+ $k $h $& $K � 0 0 $N <’ 3& 0M B8 @- $, B p 0J 2< $G >. $5 $$ $3 $H $, 86 0x $G $" $k $H 9M $( $i $l $k!# >e $G $O � 0 0 = 1 : 3 � m $r 2> Dj $7 $?!# $3 $N CM $O Fig. 4 $N 3.5 mT (= B p ) $K $* $1 $k B, Dj CM 1 : 0 � m $K $/ $i $Y $F $d $d D9 $$!# $7 $? $,$C $F W $, Dc $$ B m $K $* $$ $F A} 2C $9 $k $N $O � 0 0 $N 8: >/ $, It J, E* $K 5/ 0x $7 $F $$ $k $H 9M $( $i $l $k!# $D $^ $j <B :] $K $O � 0 0 $, 8: >/ $9 $k $N $G NL ;R 2= <’ B+ $N 2D 5U 1? F0 $N 1F 6A $, >. $5 $/ $J $j!" W $, A} 2C $9 $k $H 9M $( $i $l $k!# 8r N. B; <: $r $h $j @5 3N $K I> 2A $9 $k $? $a $K $O $h $j @5 3N $J M} O@ 2r @O $, I, MW $G $" $k!# $3 $N $h $& $J M} O@ $K $O J c $H � 0 0 $N <’ 3& 0M B8 @- $N F3 F~ $, I, MW $G $" $k!# $^ $? Dc 8r N. ?6 I} $G B; <: $, A} Bg $9 $k $N $,!" %V %j%C %8 %s %0 $N 1F 6A $J $N $+!" NL ;R 2= <’ B+ $N 2D 5U 1? F0 $, M^ @) $5 $l $F $$ $k $? $a $J $N $+ $r L@ $i $+ $K $9 $k I, MW $, $" $k!# 4. $^ $H $a K\ Js 9p $G $O!" Bi-2223 B? ?D %F!< %W @~ $N B; <: %( %M %k %.!< L) EY $r B, Dj $7 $F!" NL ;R 2= <’ B+ $N 2D 5U 1? F0 $K $h $j B; <: $, Dc 8: $9 $k 2D G= @- $K $D $$ $F!" %^ %$ %J!< <’ 2= 6J @~ $N 79 $- $+ $i I> 2A $7 $? 8r N. <’ 3& $N ?/ F~ 5w N% $r MQ $$ $F 5D O@ $r 9T$C $?!# 0J 2< $N $h $& $K F@ $i $l $? 7k 2L $r $^

$H $a $k $3 $H $, $G $- $k!# � 77.3 K 0J >e $G $N B; <: %( %M %k %.!< L) EY $O!" J? 6Q $N %U%# %i %a %s %H $N 8| $5 $r d = 2 : 5 � m $K 8: >/ $5 $; $k $3 $H $K $h $j!" Dc 8r N. ?6 I} NN 0h $K $* $$ $F =$ @5 Kim %b %G %k $N M= A[ $h $j $b Dc 8: $7 $?!# � %^ %$ %J!< <’ 2= 6J @~ $N 79 $- S $O 9b 29 $K $* $$ $F 1 $h $j $b >. $5 $/!" $3 $l $h $j I> 2A $7 $? � 0 0 $O %U%# %i %a %s %H 8| $5 d $H F1 Dx EY $+ D9 $+$C $?!# $3 $N 29 EY $O B; <: %( %M %k %.!< L) EY $, NW 3& >u BV %b %G %k $N M= A[ $+ $i $O $: $l $k 29 EY NN 0h $H 0l CW $9 $k!# � 7k O@ $H $7 $F!" 77.3 K 0J >e $N 29 EY NN 0h $K $* $$ $F!" NL ;R 2= <’ B+ $N 2D 5U 1? F0 $K $h $j 8r N. B; <: $N Dc 8: $r ?^ $k $3 $H $, $G $- $k $3 $H $, $o $+$C $?!# ;2 9M J8 8% 1) K. Sato, K. Ha y ashi, K. Ohkura, K. Ohmatsu, T. Hik ata, T. Kanek o, T. Kato, M. Uey ama, J. F ujik ami, M. Ito, S. Koba y ashi, N. Saga, S. Hahakura, T. Shibata, T. Masuda and S. Iso jima, \Bismuth-Based HTS Wires and Their Application Progress", Pro c. of ICEC 16/ICMC (Kitakyush u, 1996) pp. 1347{1350. 2) F. Sumiy oshi, M. Matsuy ama, M. No da, T. Matsushita, K. F unaki, M. Iw akuma and K. Y amafuji, \Anomalous Magnetic Behavior due to Rev ersible Fluxoid Motion in Sup erconducting Multi�lamen tary Wires with V ery Fine Filamen ts," Jpn. J. Appl. Phys. , v ol. 25, pp. L148{L150 1986. 3) T. Matsushita, E.S. Otab e, M. Iw akuma, K. F unaki, K. Y amafuji, O. Miura, K. Mat- sumoto and Y. T anak a, \Measurement of A C P enetration Depth in Sup erconducting Wires with Fine Filamen ts," A dv. in Cryo. Eng. , v ol. 40, pp. 551{558, 1994. 4) E.S. Otab e, H. Matsuok a, T. Matsushita, J. F ujik ami and K. Ohmatsu, \P ossibilit y of Reduction in Hysteresis Loss Due to Rev ersible Fluxoid Motion in a Sup erconducting Bi-2223 Multi�lamen tary Wire," Jpn. J. Appl. Phys. , v ol. 37, L382{L385, 1998. 5) A.M. Campb ell, \The Resp onse of Pinned Flux V ortices to Lo w-F requency Fields," J. Phys. C , v ol. 2, pp. 1492{1501, 1969. 6) S. T ak acs and A.M. Campb ell, \Hysteresis Losses in Sup erconductors with V ery Fne Filamen ts," Sup er c ond. Sci. T e chnol. , v ol. 1, pp. 53{56, 1988. 7) A.M. Campb ell, \The In teraction Distance b et w een Flux Lines and Pinning Cetn tres," J. Phys. C , vol. 4, pp. 3186{3198, 1971.