2sE>$K$h$k%[!<%kAG;R$NJd@5 ;37ABg3XM}9)3X8&5f2J#M#1 0KF# M4Je 2000 G/#57n#2#1F| 1 35MW :# 2s $O AID A $N <B 83 %0 %k !< %W $G ;H MQ $5 $l $? Magnet(BENKEI) $N <’ >l B, Dj $G F@ $i $l $? %G !< %? $r 2r @O $9 $k !# $= $3 $G $^ $: $O %[ !< %k AG ;R $N calibration $r L\ E* $H $9 $k !# 6q BN E* $K $O %[ !< %k AG ;R $H <h $j IU $1 <4 $N angular misalignment !" $*$h $S%[!<%k 8z2L (normal , planar) $rF@$i$l $?EE05 $+$iJQ49 $9$k0Y $KI, MW $J #2 $D $N %[ !< %k 78 ?t !" $= $7 $F 78 ?t $= $l $> $l $N 29 EY 0M B8 @- $r 5a $a $k!# %[ !< %k AG ;R$H $O !" %[!<%k 8z 2L$K $h $j@8 $8 $k EE05 $r B,Dj $9 $k $b$N $G $"$k !# $^$: $O $3$N %[ !< %kAG ;R $N%G !< %?$r %a %$%s %G !< %?$H $7 $F !" $=$l $N%[ !< %k 78?t $N 2r@O$r?J$a$F$$$/ !# 2 %[!<%kAG;R$N86M}$H$=$NFC@- 2.1 %[!<%kAG;R$H$O %[ !<%k AG ;R$H $O %[!< %k 8z 2L$r MQ $$$F $" $kE@ $K $* $1$k <’ >l$N Bg $-$5 $r B, Dj $9 $kAG ;R $N ;v$G $" $k !# $=$N7A >u $O MM !9 $G$"$k $, !" :#2s$O HD >u $NAG ;R $r MQ$$$? !# %[!<%k8z2L$K$D$$$F$O0J2<$G>\$7$/=R$Y$k !# 2.2 %[!<%k8z2L$N86M}$H$=$NFs<!$N8z2L $"$kHD>u$NF3BN$,$"$k;~$N;v$r9M$($F$_$k !# $3 $NCf $r EE ;R$, 0B Dj$7 $F 0lMM $K N.$l $F $$ $k>u BV !" $D$^$j Dj>o EE N. $,N. $l 1

$F $$ $k>u BV $r 9M$( $k !# $3$NF3 BN $K$" $k Bg $-$5 $N <’ >l$, $+ $+$C$F $/$k $H $9 $k $H !" $3$NEE ;R $OB. EY $r ;}$C$F1? F0 $7$F $$ $k 0Y$K >o $K %m!< %l %s %DNO $r <u $1$F1?F0$rB3$1$k;v$K$J$k !# $3 $3$G !" %m!<%l %s %DNO $H $OEE 2Y q $r ;}$C$?N3 ;R $,$" $k B.EY v $G 1? F0$7 $F $$$?;~$K !" $=$l$KBP$7$F0lDj$NBg$- $5$N<’>l B $,$+$1$k$H2YEEBN$,<u$1 $kNO$N;v$r8@$&$N$G$"$k !# $3$NNO$NBg$-$5$O F = q v � B $GI=$5 $l$k !# $3 $N F $, v $H B $N%Y%/ %H%k @Q$G I=8= $5$l $k;v $+$i $bJ, $+ $k$h$&$K !" NO F $N8~$-$O v $H B $N$I$A$i$K$b>o$KD>9T$9$k$N$G$"$k !# EE 2Y$O F3BN Cf$r N. $l$F $$$k $N$G v $O F3BN $K J?9T $J8~ $-$r ;}$C$F$$ $k !# <! $K B $N8~$- $rF3BN LL$K BP$7$F ?bD> $G$"$k $H2> Dj$7$F $_$k $H !" %m !<%l%s %D NO F $OF3 BN J? LL Fb $K $" $j!" $+ $D v $H$b ?b D> $J 8~ $- $r 8~ $$ $F $$ $k $H $$ $( $k!# $J $N$G !" :#$= $N>u BV $r2> Dj $9$k $H EE2Y C4 BN $OEE N. $NN. $l $KBP $7 $F $=$l $, 2# $K 0o $l $kJ} 8~ $K NO $r <u $1 $k ;v$K $J $j!" EE2Y $, AG ;R J? LL >e$N $" $k 0l J} $K JP $C $F 6I :_ $9 $k $h $& $J >u 67 $, @8 $8 $F $7 $^ $& !# $D $^ $j!" F3 BN $N C< $H C< $H $N 4V $K$OEE0L:9$,@8$8$k$N$G$"$k !# $3 $N $h $& $K !" EEN. $, N.$l $F $$ $k AG ;R LL >e $K <’ >l $, $+ $+ $k ;v $K $h $j!" EE 0L:9$,@8$8$k8z2L$r%[!<%k8z2L$H8F$V !# $3 $N8z 2L $rMQ $$ $F<’ >l $NBg $- $5$r ?^ $m $&$H @_ 7W$5 $l $?$N $, %[!< %k AG;R $H 8F $P $l$k AG ;R$G $" $k !# $?$@$7 !" 0lHL$K $O $3$N B> $K$b $3 $N %[!< %k 8z2L $N Fs <!$N 8z 2L $H $7 $F CN $i $l $k %W %l %J !< %[ !< %k 8z 2L (planar hall e�ect) $H8F $P $l $k8z2L$bF/$/0Y$K !" $h$jJ#;($J9M;!$,I,MW$H$J$k 1 0J>e$N Fs $D$N 8z 2L$K $h $j!" <B :] $K AG;R $K @8$8 $k EE0L :9 $O<! $N $h $&$K $J $k !# V = R B n I � P B t 2 I sin2 + V 0 (1) B n : <’>l$NAG;RJ?LL$K?bD>$JJ}8~ ( n ormal conmp onet) $NBg$-$5 B t : <’>l$NAG;RJ?LLJ}8~ ( t angen tial comp onen t) $NBg$-$5 R : %[!<%k78?t , I : EEN.$NBg$-$5 , P : %W%l%J!<%[!<%k78?t : I $H B t $N0Y$93QEY , V 0 :residual v oltage 1 F.Sc ho�,CERN ISR-MA 174{48 2

3 2r@O$9$k%G!<%?$H$=$NJ}K! 3.1 %G!<%?$N%U%)!<%^ %C %H 2r @OJ} K! $K $D$$ $F =R$Y $k A0 $K !" %G!< %?<+ ?H $N 7A<0 $J $I$K $D $$ $F$U $l $F $*$/ !# :# 2s2r @O $7 $?%G !< %?$O %F %-%9 %H 7A<0 $G J] B8$5 $l $F$$ $k !# $=$7$F $= $l$i $O %9%Z !< %9 J8 ;z $G #7 9T $K 6h @Z $i $l $F $* $j!" 0J 2< $N $h $& $J %U %) !< %^ %C %H $K $J $C $F$$$k !# 1 ; date 2 ; angle [degree] 3 ; V x [mV] 4 ; V y [mV] 5 ; V z [mV] 6 ; Hall curren t [0.1A] 7 ; temprature [mV] #1 9T L\$O %G !< %? $r<h$C$? F| IU !" #29TL\ $O 2s E> 3QEY !" #39T L\ !A#5 9T L\ $O 3F AG ;R$K @8 $8$? EE 05 $NBg $- $5 !" #69T L\ $OEE N. CM !" #79T L\ $O29 EY $rEE 05 $G B,Dj$7$?CM$G$"$k !# $5 $i$K $3 $l $i$N %G !<%? $O 2sE> <4 $,0[ $J $k Fs$D $N <oN‘ $K J,N‘ $G $- $k !# 0l$D $O2sE><4 $r Y J}8~$N<’>l $rB,Dj$9$k0Y$KCV$+$l $?AG;R$K<h$jIU$1$? $b$N $G$"$k !# $3 $N>l 9g $O Y ; Z $N3FJ} 8~$, %[!< %k 8z2L $,Bg $-$/ 8+$( $kJ} 8~$K $J $k !# $3 $l $, Y � .dat $G$" $k!# $= $7 $F $b $& 0l $D $O 2s E> <4 $r Z � .dat $G$" $j !" 2s E><4 $O Z J}8~ $N <’ >l $r B, Dj $9 $k 0Y $KCV $+ $l $? AG ;R $K <h $j IU $1 $i $l $F $$ $k!# $3$N >l 9g $O %[ !< %k 8z 2L $, Bg $- $/ 8+ $( $k J} 8~ $O Y � .dat $H $O 0[ $J $j!" X ; Y J} 8~ $,$= $N J} 8~$K $J $k !# 0l$D Cm0U $9 $Y$- E@ $O %[!< %k 8z2L $, Bg$- $/ 8+ $($k J} 8~$HBg$-$/ 8+$($J $$ ( 8@$$49$($l$P %W%l%J !<%[!< %k8z 2L$,8+ $($d$9 $$ ) J} 8~ $G $O $O 0[ $J $k JQ 2= $r 8+ $; $k $H $$ $& ;v $G $" $k $, !" $=$l $O $^ $? %U %# %C%F %s%0$N$H$3$m$G>\$7$/=R$Y$k !# 3.2 <4$HAG;R$N angular misalignment 3.2.1 angular misalignment $HJd@5J}K! %[ !<%k AG ;R $N0L CV $r JQ$( $k 0Y $K !" AG;R $O <4$K <h $j IU$1 $i $l $F$$ $k !# $= $l $OM} A[ E*$K $O AG;R J? LL$K BP $7$F 40 A4 $K?e J? $K$b $7 $/$O ?b D>$K <h $jIU $1 $i $l $F $$ $k $Y $- $G $" $k !# $= $& $G $J $1 $l $P $= $l $> $l B n , B t $, B x , B y , B z $N 3

8D !9 $K=c ?h$K BP 1~ =PMh $J $$ $+$i $G $"$k !# $b$7 <h$j IU $1 $,40 A4 $G $"$k $J $i $P B n , B t $K$O B x , B y , B z $NBg$-$5$,0lBP0l$GBP1~$9$k$N$G$"$k !# $7 $+$7 $J $, $i<B :] $K $O<h $j IU $1$K $O I, $:$H $$$C$F $$ $$$[ $I <4 $N$: $l $, @8 $8 $k !# 8@$$ 49$( $l $P <4$H AG ;RJ? LL $O 40A4 $K J?9T !" $b$7 $/$O ?b D>$K $O $J $i $J $$$N $G $"$k !# $3$l $,@8 $8 $kM} M3 $H $7$F $O !" <h$jIU $1 @:EY $N LdBj $d <h $j IU$1 J} $N LdBj $J $I$5 $^ $6$^ $G $"$k $, !" $H$K$+ $/ $3$N $h $&$J $: $l $OI, $: @8 $8$F $7 $^ $&$N $G $"$k !# $^$?0l HL E*$J >l 9g $H$7 $F $3$N $h $&$K $: $l $,@8 $8 $k >l9g $r 9M $($F $* $1$P !" <h$jIU $1 $N$: $l $, L5$$ >l 9g$O $: $l$, #0 $G $"$k $H $$$&6K8B$GM?$($i$l$k$N$G !" $3$N$h$&$J9M;!$OM-MQ$G$"$k !# $3 $N <h $j IU $1 $i $l $? ;~ $K @8 $8 $k $: $l $N ;v $r " angular misalignment " $H 8F $V !# $3$l$K$h$j!" %[!<%kAG;RLL$KBP$7$F B $r?bD> $KF~$l$k;v$OFq$7$/$J $j!" %[ !<%k AG ;R $O normal 5Z$S planar !" #2 $D $N 8z2L $r F1 ;~$K 4Q B, $7$F $7 $^ $&;v$K$J$k $N$G$" $k !# $=$3 $G !" $3$N angular misalignment ( 0J2< � � ) $r<B :] $K 5a$a $F $d$k I, MW $,Ev A3 =P$F $/ $k !# $=$&$G $J$$ $H !" <B:]$N <’ B+L) EY $N CM$O$I$NDxEY$J$N$+I>2A$7$F$d$k;v$,=PMh$J$$$N$G$"$k !# $= $3$G !" $=$l $r5a $a $kJ} K! $H $7$F :# 2s$O %[ !< %kAG ;R $r2s E> $5 $;$k $H 8@ $& J} K! $r $H $k!# 2s E> <4 $O <h $j IU $1 <4 $H $J $k!# AG ;R $r 2s E> $5 $; $k $H $= $N 2s E> $N3QEY$K $h$C$F B n $H B t $O$= $l$i$NBg$-$5$r;}$C$?3F J}8~$N%Y%/%H%k$N 9g@.7k2L$, B $H$J$k$h$&$K8_$$$KAj4X$r$b$C$FCM$rJQF0$5$;$k !# $=$N2s E>$KBP$9$k Hall v oltage $r4QB,$9$k$3$H$K$h $j!" � � $r5a$a$k !# $=$l$K$O $^ $:!" 2s E> <4 $K ?e J? $b $7 $/ $O ?b D> $K IU $1 $i $l $F $$ $k $O $: $N AG ;R $K BP $9 $k <’ >l$N6/$5 !J <’B+L)EY !K $G$"$k B n $H B t $,86M}E*$K $I$N$h$&$KJQ2=$9$k $N $+ $r CN $i $J $1 $l $P $$ $1 $J $$!# $h $C $F !" $^ $: $O B n $H B t $N Bg $- $5 $, $I $N $h $& $K$7 $F 5a $a $i $l $k $N $+ $r 9M $( $k!# $, !" $= $N A0 $K $3 $N angular misalignment $K$D $$ $F >/ $7 3N G’ $9 $k!# $^ $:!" angular misalignment $O<4 $H AG ;R $H $N 79 $- $G$" $k$H$$$& ;v !# $=$7$F$=$l$O X,Y,Z J}8~$9$Y $F$K6& DL$G$"$k $H$$$&;v $G $" $k !# $D$^ $j!" $b$7 AG ;R F1;N $b D> 3Q $G $O $J $/ B? >/ $N $:$l $r @8 $8 $F $$ $k $H 9M $($k $H !" A4$F$N J} 8~ $N angular misalignment $r9M $( $J $$ $H$$ $1 $J $$ ;v $K $J$k !# $7$+ $7$3 $N $: $l$O angular misalignment $K Hf $Y $k $H>. $5 $$ $b $N $G $" $j!" $3$3 $G $O$= $3 $^ $G $O 9M $( $: $KA4 $F $N AG ;R $, 8_ $$$K D> 8r $9 $k ;v $rA0Ds$H$7$F9M$($k !# 4

3.2.2 2sE>$K$h$k%[!<%kEE05$NJQ2=$X$N9M;! %[!<%kAG;R$r2sE>$5$;$?>l9g$N B n $H B t $NJQ2=$K$D$$$F$N9M;!$9$k !# n $rAG;RJ?LL$NK!@~%Y%/%H%k ( Bg$-$5 1) !" t $rAG;RJ?LL$NJ?LL%Y%/%H%k ( Bg$-$5$OITDj ) $H$9$k !# 2sE><4$O Z <4$H$9$k ( >e?^;2>H ) $^$:$O n $r5a$a$k !# 2sE>$7$F$bJQ$o$i$J$$ n $N@.J,$H$O Z J}8~$N@.J, $G$"$k n z $G$"$k !# $=$NBg$-$5$O n z = n cos � k $G $" $k !# $3$3 $G n $O n $N Bg $- $5 $N ;v $G $" $j!" $^$? i; j; k $O X,Y,Z 3F J} 8~ $N C10L %Y %/ %H%k $G $" $k !# $3$3 $G n $N ;D$j $N It J, !" $D$^ $j n x , n y $O $9 $0 $K5a$a$k;v$,=PMh$F j n xy j = n j sin � j $, n $N XY J?LL$X$N<M1F$J$N$G !" $3$l$r3FJ}8~$KJ,2r$7$F$d$k$H n x = n sin � cos � i n y = n sin � sin � j $H$J $k !# $= $7 $F :G=i $K =q $$$? $H $* $j n $NBg$- $5 $O 1 $J$N$G n $,5a $^$j!" n = sin � cos � i + sin � sin � j + cos � k (2) $H8@$&$h$&$KF3$/;v$,=PMh$k !# <!$K$3$l$rMQ$$$F t $rF3=P$9$k !# $^$: t $O B $NJ?LL@.J,$G$"$j!" $=$l$r<0$GI=$9$H B = � n + t (3) $G$" $k!# $3 $3 $G � $O B n $NBg $- $5 $G $" $k!# $5 $i $K n $H t $K$O $b $& 0l $D $N 4X 78 <0 $, $" $j!" $=$l $O 8_ $$$K I, $: D> 8r $9 $k $H 8@ $& ;v $G$" $k !# $=$l $r <0 $H $7$FI=$9$H 5 n � t = 0 (4) $3$N ( ?? ),( ?? ) $NFs$D$N<0$h$j!" t $rF3$-=P$;$k !# $^$: ( ?? ) $r;H$& !# $,$=$NA0$K t $r t = t x i + t y j + t z k $HCV$$$F$*$/ !# $9$k$H � (sin � cos � i + sin � sin � j + cos � k ) + ( t x i + t y j + t z k ) = B i ) t x = B � � sin � cos � ; t y = � � sin � sin � ; t z = � � cos � (5) <!$K ( ?? ) $r7W;;$9$k !# n � t = n x � t x + n y � t y + n z � t z = sin � cos � ( B � � sin � cos � ) + sin � sin � ( � sin � sin � ) + cos � ( � cos � ) = B sin � cos � � � sin 2 � cos 2 � � � sin 2 � sin 2 � � � cos 2 � = B sin � cos � � � (sin 2 � cos 2 � � sin 2 � sin 2 � � cos 2 � ) = B sin � cos � � � = 0 ) � = B sin � cos � (6) $3$l$h$j t $r5a$a$k;v$,$G$- !" 1 � t = � ( 1 sin � cos � ) � sin � cos � � i � sin � sin sin � j � cos � k (7) $H$J$k !# $h$C$F$3$l$r$^$H$a$F=q$/$H n = sin � cos � i + sin � sin � j + cos � k 6

1 � t = � ( 1 sin � cos � ) � sin � cos � � i � sin � sin sin � j � cos � k $H=q$1 $k!# $h $C $F$3 $l $i$r B $N3FJ} 8~ $X$N @. J, !" $D $^$j B n $H B t $K=q $-49$($F$d$k$H B n = B sin � cos � (sin � cos � i + sin � sin � j + cos � k ) (8) B t = B sin � cos � f � ( 1 sin � cos � ) � sin � cos � � i � sin � sin sin � j � cos � k g (9) $G$"$j!" 3F%Y%/%H%k$NBg$-$5$O j B n j = B sin � cos � = B n (10) j B t j = B q 1 � sin 2 � cos 2 � = B t (11) $G$"$k !# $3$l$r ( ?? ) <0$KBeF~$9$k;v$K$h$j!" %[!<%kEE05$, AG;R$N2sE>$K BP $7$F $I $N $h$& $J JQ2= $r $9$k $+ $H8@ $& ;v $rCN $k ;v$, =P Mh$k $N $G $"$k !# $D $^ $j!" :#$N >l 9g $O 2sE> <4 $H AG ;R J? LL $, ?bD> $J >l 9g $X $N 9M ;!$G $" $k $N $@ $, $3$N>l9g$N%[!<%kEE05$O V = R B sin � cos � I � P B 2 (1 � sin � cos � ) I sin 2 + V 0 (12) $H8@$&<0$K=>$&$h$&$JJQ2=$r$9$k$N$G$"$k !# $^ $? !" $3$N � $O <h $j IU $1 <4 $H $N $: $l $G $" $k $N $@ $, !" $=$l $r ( � 2 + � ) $H $7 $F07 $( $P !" 2sE><4 $HAG ;R J?LL $, ?eJ? $J >l 9g$X $N 9M;! $X $bE, 1~ $9 $k;v $, =P Mh $k$H 8@ $($k !# $^$? 2sE> 3Q $KBP $7 $F $O !" :G=i $K$I $N 0L CV$+ $i 2sE> $r ;O $a $k $N $+ $O A4 $/ $N IT Dj $G $" $k $N $G $3 $N sin � $H cos � $O 6h JL $r $D $1 $k ;v $, =P Mh $J $$ !# $D$^$j 7k 6I 0U L# $, $" $k $N$O !" 3F9‘ $N Cf $K $" $k � $K 4X $9 $k;0 3Q 4X ?tF1 ;N $r :#$" $k $3$N Aj 4X$r JQ $($: $K JQ 2=$5 $; $k$H 8@ $&;v $G $" $k !# $=$N 0LAj $O %U%# %C %F%# %s %0 $N %Q %i %a !< %? $K 4^ $^ $; $k $b $N $H $7 $F 9M $( !" $3 $3 $G $O sin !" cos $N$I$A$i$+$G$"$k$H$$$&;v$r8@5Z$7$F$*$/ !# 7

3.2.3 $N9M;! <!$K $K$D $$ $F 9M $( $F $_ $k!# :G =i $K =R $Y $F $$ $k $h $& $K $H$O B t $H I $N 0Y$93QEY$N;v$G$"$k !# $3$l$r7W;;$9$k$N$@$, !" $^$:$O I $r5a$a$F$_$k !# $= $N A0$K $3 $N $N 1F6A $N 5Z $\ $7 J}$K Ce L\ $7 $F $_$k !# $9$k $H $O sin $N #2G\3Q$G8z$$$F $$$k;v$O ( ?? ) <0$h$jL@$i $+$G$"$k!# =i4| 0LAj$K$b $h$k$, A4BN$H $7$F $O !" sin $NH>J, $N <~4| $GJQ F0 $9$k ;v$, <0$h $j J,$+ $k !# $3 $N ;v $O !" EEN.$, $I $A$i $+ $i$I $A $i$X N. $l$F $$ $k $H$$ $& ;v$r 9M $($F $b $= $N$I $A $i$+$G$" $k$H $$$& ;v $rFC Dj$9 $k;v $O=P Mh$J $$$H $$$& ;v$r 0UL# $7$F $$$k!# 2 %[ !< %k AG ;R $K N. $l $k EE N. I $O AG ;R J? LL Fb $r N. $l $F $$ $k !# $J $N $G 2s E> $K $h $j n $H F1 $8 2s E> $r 9T $J $& !# $=$7 $F $= $l $O >o $K $"$k 0l Dj $N Bg $- $5 $r ;}$C $F$$ $k $H $9 $k !# $= $N Bg $- $5 $r !! j I j = I $H$9 $k $H I $O0J 2<$N $h $& $K 5a $a $k ;v $,=P Mh$k !# $^$:!" EEN.$NJ}8~$OG$ 0U$G$$$$ $H$7$F X J}8~$r 2>Dj$9$k !# $= $7$F=i4|$N8~$-$r XY J?LLFb$K@_Dj$9$k !# $9$k$H I ( � = 0) = I (cos � i + sin � j ) $3$3$G misalignment $J$I$O2s E>$N:] $N9M;! $G$N>u 67$HF1 $8$G$" $k$H$9 $k !# $=$7$F2sE>3Q$rE,Ev$K7h$a$F$d$k$H I $O I = I f cos � cos � i + sin � cos � j + sin � k g (13) $H$J$k !# $h$C$FA0$K5a$a$F$"$k ( ?? ) <0 , B t = B sin � cos � f � ( 1 sin � cos � ) � sin � cos � � i � sin � sin sin � j � cos � k g $r ;H$C$F sin 2 $r 7W;; $9$k !# $D$b$j $G $"$C$?$, !" $3$N7W ;;$O 7k 9=J# ;( $K $J $k $N $G sin 2 $H 0L Aj :9 $7 $+0c $o $J $/!" $^$? B? >/ 7W ;;$N $7 $d $9 $$ cos 2 2 2?8N $J $i $KBP$7 $F sin $NCM $, FsG\ $N <~ 4|$G JQ 2= $9$k 0Y $G $"$k!# 2>$K = � 6 $@$H$7 $?$i sin #2 $NCM$O p 3 2 $H $J$j!" = � 6 + n� ( n = 1 ; 2 ; � � � � � ) $GF1$8CM $r<h$C$F$7$^ $$ !" $" $kJ} 8~ $KBP $7$F $= $N8~ $-$, $I $A$i $G$" $k $N$+ $rH= CG $9$k $3$H $O =PMh $J$$!# $5$i $K $=$N@d BP CM$b 0LAj :9 $G5[ <} $5$l $F 8+$( $J $/$J $k $N$G $= $NJ} 8~ $G$" $k$N $+ $5$( $b !" 7h$a $h $&$,L5$$0Y$G$"$k !# 8

$r5a $a $k ;v $K $9 $k!# $3 $& $7 $F 7W ;; $7 $F $b !" %U%# %C %F%# %s %0 $r $+ $1 $k ;~ $K $O $9 $Y $F$r 0L Aj :9$N %Q %i %a!< %? $,5[ <} $7 $F$/ $l $k $N$G !" $3$l $O4V 0c$C$? 9M ;!$G$O$J$$$H8@$($k !# :Y$+$$7W;;$r=q$/$HBgJQ$J$N$G7k2L$@$1$r=q$/ !# 1 . <4$HAG;RJ?LL$,?bD>$K<h$jIU$1$i$l$F$$$k>l9g$N cos 2 (case 1) cos 2 � = cos 2 ( � + c onst ) 2 . <4$HAG;RJ?LL$,?eJ?$K<h$jIU$1$i$l$F$$$k>l9g$N cos 2 (case 2) $3$l$OCM$N4X78>e B 2 cos 2 $r5a$a$? !# B 2 cos 2 = B 2 � cos 2 � � 2sin 2 � cos 2 � + cos 2 � � � 1 � $,7W;;$h$jF@$i$l$?7k2L$G$"$k !# 9

3.3 %G!<%?$X$N%U %# %C %F %# %s%0 3.3.1 %Q%i%a!<%? %U%# %C %F%# %s %0 $r $+ $1 $k $K $O !" $^ $: 85 $N <0 $H $= $N Cf $K $" $k 7h $a $? $$ CM $r %U %# %C %F%# %s %0 $N %Q %i %a !< %? $H $7 $F 7h $a $J $$ $H $$ $1 $J $$!# $^ $:!" 3N G’ $N 0Y $K85$K$J$k<0 ( ?? ) $r$3$3$K$b$&0lEY=q$/ !# V = R B n I � P B t 2 I sin2 + V 0 $3 $N <0 $NCf $G >o $K CM $r JQ$( $F $$ $/ JQ ?t $H $7$F 07 $( $k $N $O 2sE> 3Q � $@ $1 $G$"$k !# $h$C$F$3$l$rJQ?t$H$7$F9M$($k !# <!$K%Q%i%a!<%? $r?6$jJ,$1 $k !# $^$:!" residual v oltage V 0 $OC1FH$N9‘$H $7$F B8:_ $7 $F $$ $k$N $G !" 0l $D $N FH N)$7 $? %Q %i %a!< %? $K $7 $F$b Ld Bj $O L5$$!# $=$N<!$KBh0l9‘$KCeL\$9$k !# $3$l$K$O R H ; %[!<%k78?t , � ; angular misalignment $H 8@ $&!" Fs $D $N L$ CN $N $b $N $, 4^ $^ $l $F $$ $k!# $h $C $F !" $3 $l $O Aj 4X $r ;} $? $; $J $$$h $& JL !9 $K07$& ;v $K $9$k !# $3$l$K $h $j Bh0l 9‘ $K $OFs $D $N %Q%i %a !< %?$,?6$jJ,$1$i$l$k !# :G 8e$K Bh Fs 9‘$K $D $$$F 9M $( $F$_ $k !# $3$NCf $K $bBh 0l 9‘$H F1 MM $KFs $D $N L$CN$NCM$,4^$^$l$F$*$j P H ; %W%l%J!<%[!<%k78?t , � ; angular misalignment $, $=$l $K$" $? $k !# $7$+$7 � $O Bh0l 9‘ $H6& DL$G $" $k$N $G?7 $? $K2C $($i $l $k %Q %i%a !< %? $O0l $D $@ $1$G $" $k !# $7$+ $7 !" $3$3$G $b $&0l $D !" $b$7$/ $O Fs $D $N %Q %i %a !< %? $r 2C $( $J $$ $H $$ $1 $J $$ !# $=$l $O � $K BP $9 $k =i 4| 0L Aj $H $K BP $9$k =i 4|0L Aj $G $"$k !# $3$l$, $J $$ $N$G $" $l$P !" $=$l $>$l $K BP$7 $F L@ 3N $K=i 4| $N 0LCV $K BP1~ $9 $k0L Aj $rM? $( $J $1$l $P $$$1 $J $$$N $G $" $k !# $=$l $, L5M} $G $"$k ;v $OL@ $+ $G$" $k $N$G $3 $l $i$N 0L Aj$O I, MWIT 2D 7g$G $" $k$H 8@ $( $k !# $?$@$7 !" 0l$DI, MW $J>l 9g $HFs $D I, MW$J >l 9g$H 8@ $& 0[$J $k %1!< %9 $, B8:_ $9 $k $N $O<4 $H AG ;R J? LL $, $I $N $h $& $J0L CV 4X 78 $K $" $k $N $+ $K 0M B8$9 $k!# $=$l$O2s E> $K$h $j B t $H I $,$I$N$h $&$K JQ2= $9$k $N $+$r 9M;! $7$? ;~$K =R$Y $?$N$G$3$3$G$O=R$Y$J$$$G$*$/ !# 0J>e$N$h$&$K%Q%i%a!<%?$r7h$a$?>e$G<B:]$K<0$r=q$$$F$_$k !# 10

3.3.2 %U %# %C %F %# %s%0$N<0 %Q%i%a!<%?$r$3$N$h$&$K$*$$$F%U %# %C%F %# %s%0$N<0$r=q$/ !# Par (1) : R H B I ; Par (2) : angular misalignment ; Par (3) : � $N=i4|0LAj Par (4) : P H B 2 I ; Par (5) : r esidual v ol tag e ; Par (6) : $N=i4|0LAj 1 . case 1 $N%U %# %C%F %# %s%0$N<0 y = P ar (1) sin ( P ar (2)) cos ( x + P ar (3)) + P ar (4) � 1 � � sin 2 ( P ar (2)) cos 2 ( x + P ar (3)) � (sin(2 ( x + P ar (6)))) + P ar (5) (14) 2 . case 2 $N%U %# %C%F %# %s%0$N<0 y = P ar (1) cos ( P ar (2)) cos ( x + P ar (3)) + P ar (4) � cos 2 ( x + P ar (3)) � 2sin 2 ( P ar (2)) cos 2 ( x + P ar (3)) + cos 2 � � � 1 � + P ar (5) (15) %G !< %? $O 2s E> 3Q $H $= $N ;~ $N EE 05 !" $H 8@ $& $h $& $K %W %m %C %H $7 $F $d $j !" $= $l $KBP $7 $F %U%# %C %F%# %s %0 $r $+ $1 $F $d $k ;v $K $h $j A4 $F $N %Q %i %a !< %? $r 7h $a $F $d $k ;v$, =P Mh$k !# $I$A $i$N 4X ?t$r ;H $& $+$O !" EE05CM $N Bg $-$5 $r 8+$l $P 0l L\NF A3$G $"$k $N$G !" 0lEY1\ Mw$7 $?>e$G 7h$a $k !# Y � :dat $O � 1mV $N;~ $, case 1 $G$" $j!" 50 � 60mV $N;~ $O case 2 $G $" $k!# F1 MM $K Z � :dat $O 4 � 5mV $N;~$, case 1 $G$"$j!" 50 � 60mV $N;~$, case 2 $KAjEv$9$k !# $7$+$7Nc30$b$"$k !# $=$l$O Z � :dat $N0lIt$N%G!<%?$K$D$$$F$G$"$k !# Z505c.dat,Z505d.dat,Z570d.dat,Z570e.dat,Z625d.dat,Z625e.dat $N #6 8D $N 11

%G !<%? $, $= $l$K $" $?$k !# $3$l$i $O :F$S AG ;R $r<h $j IU$1 D> $7$F B, Dj $r$7 $? %G !< %?$G $" $k !# $?$@ !" 2r@O $N 7k 2L$O B> $N %G !< %?$H B= ?’ $, L5$+$C$? 0Y !" F1 MM$N<h$j07$$$r$9$k;v$H$7$? !# $3 $l $K $h $j F@ $i $l $k $N $O %[ !< %k 78 ?t!" %W %l %J !< %[ !< %k 78 ?t!" r esidual voltage $G $" $k$, !" $3$l $i$r A4 $F MxMQ $9 $k$3 $H $O =PMh $J $$ !# M}M3$H $7 $F$O !" $^$: %U %# %C %F %# %s %0$N <0$, 0[ $J$k $?$a $G $"$k!# case 1 $G$O%W %l %J!< %[!< %k 8z2L $r8+$k;v $,=PMh $k$, !" case 2 $G$O$^ $:L5M} $G$" $k !# 5U $r8@ $($P !" case 2 $O %W %l%J !< %[!< %k 78?t $, $[$H $s $IL5 ;k $G $-$k $h $&$J >u BV$J $N $G%[ !< %k78 ?t $r $7 $C $+ $j $H I> 2A $7 $F $/ $l $k!# $D $^ $j !" =P $F $- $? CM $r $" $k Dx EY A* JL $7 $F $d $i$J$$ $H $$ $1$J $$ !" $H8@ $& ;v$O L@ $+ $G$" $k!# $=$N ;v $K $D$$ $F 9M$( $F $_ $k !# case 1 $N<0$+$iF@$i$l$? P ar(1) $O2aBgI>2A$5$l$k !# $J$<$J$i P ar(1) $N J} $, @h $K 7h Dj $5 $l $k $+ $i $G $" $k!# $D $^ $j CM $N 7h $a J} $H $7 $F $O !" $^ $: A4 BN $H $7$FBg$-$/ P ar(1) $r7h$a$F$7$^$$ !" $= $l$+$iHyD4 @0$H$7$FB>$N %Q%i%a!< %?$r7h$a$F$$$/$N $G P ar(1) $,Bg$-$/I>2A$5 $l$F$7$^ $&;v$OI,A3 E*$G$"$k $H 8@ $( $k !# $h$C$F case 1 $N <0 $+ $i F@ $i $l $? %[ !< %k 78 ?t $O ;H $o $J $$ ;v $K $7 $F !" P ar(2) $H P ar(4) $N$_$r;HMQ$9$k;v$K$9$k !# F1MM$K$7$F case 2 $N<0$+$iF@$i$l$k$N $O P ar(1) $N$_$G$"$k !# P ar(2) $O 2a >.I> 2A $5 $l$k $N $G$3 $A $i$O ;H $o$J $$ ;v $K$9 $k !# $=$NM} M3$O >e $N >l9g $H F1$8$G$"$k !# <B:]$N%G!<%?$X$NBP1~$r9M$($k !# Y � :dat $O X J} 8~ $N EE 05 $, >. $5 $/ 8+ $( $k!# $D $^ $j X J} 8~ $K case 1 $N <0 $r E, 1~ $9 $Y $- $G $" $j!" B> $N J} 8~ $K $D $$ $F $O case 2 $N <0 $r M? $( $l $P $h $$!# Y � :dat $O Z J} 8~$N EE 05$, >. $5$/ 8+$( $F $$$k !# $h$C$F Z J} 8~$K case 1 $N<0 $r E,1~ $7 !" B>$NJ}8~$X$O case 2 $N<0$rM?$($k !# 12

3.4 %[!<%k78?t$N29EY0MB8@- 3.4.1 78?t$N29EY0MB8@-$K4X$9$kBg$^$+$J86M} >e$G$b=q$$$?$, !" %G!<%?$r%U %# %C%F %# %s%0$9$k$3$H$K$h$j � %[!<%k78?t R H � %W%l%J!<%[!<%k78?t P H � r esidual voltage V 0 $N 7W 3 $D $N CM $r7h $a $k $3 $H $, =PMh $k !# $3$3 $G $3 $l$i $K $O A4 $F 29EY 0M B8 @- $H8@$&$b$N$,I,$:B8:_$9$k !# $=$l$K$D$$$F9M$($F$_$k !# $3 $3$G %[ !<%k AG ;R $N29 EY $,>e >: $7 $?>l 9g $r9M $( $k !# 0lHL $N J*<A ( F3 BN ) $O 29 EY>e >: $KH< $$ !" Dq93$b >e >:$9 $k !# $=$l$O J* <A$N 9= @. 86;R $N G.1? F0 $, 7c $7 $/ $J $j!" <+M3 EE ;R $, $H $* $j $K $/ $/ $J $k 0Y $G $" $k !# $h$C$F !" $3$l $K $h $j%[ !< %k 8z 2L $K $h $k EE 0L :9 $b @8 $8 $K $/ $/ $J $k $N $G $" $k!# $3 $l $h $j !" R H $H V $O IiId 9f $GHf Nc $9 $k$H 8@ $($k $N $G $"$k !# $h$C$F$3 $NHf Nc 78?t $r � $H$9 $l$P !" R H = � � t + � ( � � 0 ; � = const ; t ; tempr atur e ) $H8@ $&4X78$, @.$jN)$D $O$:$G$"$k !# $h $C$F X <4$r29 EY , Y <4$r%[ !<%k78 ?t ( $*$h $S%W %l %J!< %[ !<%k 78 ?t ) $H$7$F %U %# %C%F%# %s%0 7k 2L$r %W %m %C %H $7 !" $= $l $K BP $7 $F :G >. Fs >h K! $G %U %# %C %F %# %s %0 $r $+ $1 $F $d $j!" � $r5a $a $F $d $k!# 3.4.2 EE05$+$i29EY$X$NJQ49 :# 2s$N B, Dj $G$O 29 EY$O EE 05 $H$7 $F B,Dj $5 $l $F$$ $k !# $3$l$i $r :F$S Ia CJ ;H$o$l$F$$$k29EY$NC10L$G$"$k ( !n ) $KJQ49$9$k !# $3$l$K$O<B837k2L$,$" $k$N$G$=$l$r;H$C$? !# 0J2<$K$=$N7k2L$r5-$9 !# temp [ mV ] = 0 : 0253 temp [ !n ] � 2 : 4147 13

$b$7$/$O$3$l$r5U$K2r$$$?$b$N$G$"$k temp [ !n ] = 39 : 5257 ( temp [ mV ] + 2 : 4147) $K$h$jM?$($i$l$k !# 14

4 $^$H$a 4.1 2r@O7k2L >\ $7 $$ 7k 2L $J $I $O :G8e $K :\ $; $F $* $/ !# $3$3 $G $O !" =P$F $- $? 7k 2L $r $^ $H $a$F$*$/ !# ? %[!<%k78?t R x = � 0 : 0016 temp + 1 : 098 [ V =T A ] R y = � 0 : 0005 temp + 1 : 0505 [ V =T A ] ( C"$7 ; temp $O29EY ( !n )) R z = � 0 : 0003 temp + 1 : 0226 [ V =T A ] ? %W%l%J!<%[!<%k78?t P x = � 0 : 00003 temp + 0 : 0138[ V =T 2 A ] P y = � 0 : 00003 temp + 0 : 0138[ V =T 2 A ] ( C"$7 ; temp $O29EY ( !n )) P z = � 0 : 00001 temp + 0 : 0126[ V =T 2 A ] ? r esidual voltage ( V 0 ) x = � 0 : 0002 temp � 0 : 0716[ mV ] ( V 0 ) y = � 0 : 0196 temp + 0 : 3699[ mV ] ( C"$7 ; temp $O29EY ( !n )) ( V 0 ) z = � 0 : 0004 temp + 0 : 0653[ mV ] $3$l $, %U%# %C %F%# %s %0 $K $h $k 7k 2L $G $" $k!# %[ !< %k 78 ?t $O M= A[ $I $* $j $N 29 EY 0M B8 @- $r <( $7 $F $* $j!" $^$? A4 BN E* $K CM $b$^ $H $^$C$F $$ $k $N $G 7k 2L $H $7 $F $O?.MQ$KCM$9$k$b$N$G$"$k$H;W$& !# 15

4.2 :G8e$K :#2s !" %U %# %C%F %# %s%0$r#3 , #42s$[$I$d$jD>$5$J$1$l $P$$$1$J$$>u67$K $J$C$F $7 $^$C$? ;v $O !" H?>J $9 $Y $- E@ $G $" $k $H ;W $$ $^ $9 !# :G=i $+ $i A4 BN $r $&$^$/ 8+DL $9 ;v$, =P Mh$? $i $3$s $J<j 4V $O$+ $+ $i$J $+ $C $? $O$: $G $9 !# $? $@ !" $3$N :G =* 7k 2L $r =P $9 >e $G !" 0M A3 ;H $C $F $$ $? %U%# %C %F%# %s %0 7k 2L $r =i 4| CM $H $7 $F ;H$C$?$j $7 $? $N $G !" $9$Y $F $, L5BL $K $J$C$F $$ $k $N$G $O $J $$ $H?. $8 $? $$$G$9 !# :# EY$O $3 $N 7k2L $r MQ$$ $F <’ >l$N 9= C[$r $9 $k $N$G $9 $, !" :#2s $N <:GT $r F’ $^$($F$9$9$a$F$$$-$^$9 !# 16