:#2sA* $s$@ %H%T %C%/ %9 (1) H"7? %]%F %s%7 %c%k$K BP$9$k#1<!85NL;R$N;6Mp (2) H"7? %]%F %s%7 %c%k$K BP$9$k#2<!85NL;R$N;6Mp (3) Dj<’>l$NCf $G$N EE;R$NGHF04X?t (4) %" %O%i %N %U!< %\ !<%‘8z2L (5) %9 %T%s $r ;}$C$?NL;R$NGHF04X?t $$$: $l$K $*$$$F$b %7%e %l%G %# %s %, !< J}Dx<0 i � h @ ( ~ x; t ) @ t = � � � h 2 2 m r 2 + V ( ~ x ) � ( ~ x; t ) $r ?tCME* $K 2r$- !" GHF04X?t ( ~ x; t ) $=$N$b$N !" Kt $O GHF04X?t$N@dBPCM<+>h j ( v ecx; t ) j 2 $r L@0E$N$"$k?’ !" Kt $O Gr9u $K BP1~$5$; !" $=$N;~4VH/E8 $r O? 2h $7 $?$b$N$G$9!# ?’ $HGHF04X?t $NBP1~ $K$D$$ $F4JC1 $K@bL@$$ $? $7 $^$9!# GH F04X ?t $, J#AG ?t$J$N$G $3$l $r Gr 9u $@$1 $G I=8=$G $- $^$;$s !# $=$3$G J#AG ?t z $K BP $7 $F !" z = r ( r > 0) $r @V $K z = r exp( i 2 � = 3)( r > 0) $r@D $K z = r exp( i 4 � = 3)( r > 0) $r NP $K BP1~$5$; !" $=$NL@$k$5 $r r $N Bg$-$5 $K BP1~$5 $;$^$9!# D>4QE*M}2r $H $7 $F$O F1 $8 ?’$NItJ, $, GHLL $K$"$?$j!" F1 $8 ?’ $+ $i F1 $8 ?’ $^ $G $, 1 GHD9 !" @V2+NP@D $H JQ2=$9$kJ}8~ $, 1?F0NL$NJ}8~ $G$9!# C10L $K$D$$$F$b4JC1 $K =R $Y$F$*$-$^$9 !# 6qBNE* $K$O %W %i %s %/Dj?t � h $H <ANL m $r 1 $K $*$-$^$9 !# $3$N$^$^ $G $O <\EY $, 0l$DB-$j $: G$0U@- $, ;D$j$^ $9$N$G $b $&0l$D !" %(%M%k %. !< !" D9$5 !" ;~4VEy$N <\EY$r Dj$a$F 2r<a $7 $F $/ $@ $5$$ !#Nc $O %S%G %* Cf $K <( $7 $F$"$j $^$9!# (1) H"7? %]%F %s%7 %c%k $K BP$9$k #1 <!85NL;R $N ;6Mp %] %F %s%7 %c%k V ( x ) = 8 > < > : 0 x < a V 0 a � x � b 0 b < x 1

$N >l 9g$N GHF0 4X?t$N ;~4V H/E8$r O? 2h $7 $F $" $j $^$9!# =i4|>uBV$O %, %& %97? $G $9!# ( x; 0) = 1 ( � � ) 1 = 4 exp ( � x 2 = 2 � � ipx= � h ) 6qBNE* $J%F!< %W $N FbMF $K4X $7 $F$G$9 $, !" GHF04X ?t $N7A $H?’$NJQ2=B. EY $O 0lCW $7 $F $* $i$: !" ?’ $NJQ2=B.EY$N $[ $& $, Aa$/?J$_$^$9 !# ;O $a$N;0$D $O 0l=E>c JI $NJI $N8|$5 $r JQ $($F 3 %Q%?!< %s !# JI $, Gv$/ $J$k $[ $I $? $/ $5 $s H4 $1$F$$$^$9 !# <! $N 3 $D $O Fs=E>c JI ( %]%F %s%7%c %k $, 0l=E $N >l9g$H 8+J,$1 $, $D$- $^$; $s$, =D @~ $, 0z$$$F$" $kItJ, Fs2U=j$K Gv$$ JI $, $" $k ) $N >l9g $G$9!" 0l 2sL\ !" Fs2sL\!" ;0 2sL\ $H<!Bh $K 1?F0NL $rBg$-$/ $7 $F $$ $^$9 ( =D <J$N4V 3V $, <!Bh$K$; $^ $/ $J $C$F$$$k ) !# $= $& $7 $^$9$H F) 2aN( $O Fs 2sL\ $NJ} $, ;02sL\ $h $j $b9b$/ $J$j$^ $9 ( %]%F %s%7%c %k0f8M $N4V3V $,$[ $\ GH F04X?t$NH>GHD9 $G 6&LD>uBV $K 6a$$ ) !# (2) H"7? %]%F %s%7 %c%k $K BP$9$k#2<!85NL;R $N ;6Mp %] %F %s%7 %c%k V ( r ) = ( V 0 0 � r � a 0 a < r $N >l9g$N 2 <!85GHF0 4X?t ( x; y ; t ) $N ;~4VH/E8$r O?2h $7 $F$" $j $^$9!# =i4| >uBV $O %, %& %97? $G$9!# NL;R $N;6 Mp $O8w $NH? <M!" F) 2a $+ $i$NN‘ ?d $GM}2r $7 $d$9 $$ $H;W $$ $^ $9 $, !" %] %F%s%7 %c%k$, 8@$o $P%l%s %:$H F1 $8 $h $& $J F/$-$r $7 $F $$ $k$N $, ;k 3PE* $K M}2r=PMh$k$N $G$O$J$$$+$H ;W$$$^$9!# (3) Dj<’>l $N Cf $G $N EE;R $N GHF04X?t ?t CM7W ;;$N J}K!$r%Y %/%? !< %] %F%s %7%c%k$, $" $k >l9g$K 3HD% $7 $F <’>l $N Cf$N EE;R !J EE2Y$r$b $C$? NL;R !K $NGH F04X ?t$N ?tCM 7W;; 7k2L$G $9!# $D$^ 2

$j !" %O%_ %k %H %K%" %s$O ^ H = 1 2 m ( � i � h r � e ~ A ( ~ x )) 2 + V ( ~ x ) $G $9!# $3$3 $G $N OC Bj $O Dj<’>l$D $^$j ~ B = r ot ~ A =const $G $N GHF0 4X?t$N ;~4VH/E8 $G$9!# <’>l $O ~ B = (0 ; 0 ; B z ) B z ( r ) = B 0 ( constant ) %i %s %@ %&$K$h$C $F2r@OE* $K 2r $+ $l$$$^$9!# $3$N>l9gGH F04X?t $O =i4|>u BV $,$J$s $G $" $C$F$b 8E E5E* <~4|$G =i$a$N GHF0 4X?t $K $b $I $j $^$9!# ?tCM7W ;; $G$b$3$N <~4|@- $r$h $/I= $7 $F $*$j$^$9!# ( $O $8 $a >uBV j a > $K$"$C $?7O $, t ;~4V8e $b j a > $G$"$k?6I} $O !# %(%M %k %. !< I=<( $G !" < a j U j a > = X n j < E n j a > j 2 exp ( � iE n = � ht ) � � (1) 3NN( $O !" W = j < a j U j a > j 2 = X n;m j < E n j a > j 2 j < E n j a > j 2 exp [ � i ( E n � E m ) = � ht ] � � (2) $3$3$G !" %(%M %k %. !<8GM-CM $, D4OB?6F0;R $N>l9g F1MMEy 4V3V!# $3$N>l9g E n � E m $O n; m $, NY $I $& $7 $N$H $- <~ 4| :G D9$G !" $3$N @. J, $, 0l <~ 4|$? $C $F$b$H$K La $l $P B>$N @.J,$b$3$N @0?tG\$G $9$Y$F$b$H$K La$k$H$$ $&;E3] $1 $G $9!# ) $^$? %7%e %l%s %G %# %s %, !<J}Dx<0 $r<’>l $G $O$J$/%Y%/%? !< %]%F %s%7%c %k $G 5- =R$9 $k0U L# $H $7 $F$N%2 !< %8 $N ITDj@-$b M} 2r=P Mh$k$H ;W$$ $^$9!# DL>o NL;R NO3X$N 652J=q$G$O 8G M-CMLd Bj $H $7 $F $N 5D O@ $, $[$H$s $I $G%2 !< %8 $N IT Dj@-$K 4X $7 $F$O ?( $l$: =L B‘ $7 $F $$$F =E$M 9g$o$; $l $P FCJL$J J}8~ $O$J $$ Ey $N 5D O@ $r $7 $^ $9 $, !" $3$3$G$O $=$N $^$^ 7O$N;~ 4VH/E8$r 7W;; $7 %2 !< %8 ITJQ @-$r <( $7 $F $$ $^ $9!# 0LAj $O $I $&F~ $l$F $b $D $8 $D $^$r 9g$o$;$i$l $k $s$@ $H 8@ $& $H$3 $m $r <B46 $G$- $l $P $H ;W$$$^$9!# 3

$H 8@ $& $o $1$G <BNc$H $7 $F #2<oN‘$N%Y%/%?!< %]%F %s%7 %c%k ~ A = ( A x ; A y ; 0) A x = � B 0 y = 2 ; A y = B 0 x= 2 $H A x = B 0 y ; A y = 0 $r 7W;; $7 $F$$ $^$9!# (4) %" %O%i %N %U!< %\ !< %‘8z2L NL;RNO3X $G%Y%/%?!< %]%F %s%7%c %k$N <B:_@- $K$D$$ $FO@Ah $,$"$j !" <B :_ @-$N 8!>Z$H $7 $F %" %O%i %N%U!< %\ !<%‘ 8z2L $, $" $j $^$9!# $3$N 8z 2L $K $*$$$F 30B<;a $i$N 8!>Z<B83 $, $h $/CN $i $l $F$$ $^$9!# %S%G %*$N7k2L $O%"%O%i%N %U!< %\ !<%‘8z2L $N %7%e%_ %l !< %7%g %s$r GHB+ $r MQ$$9T$C$?$b$N $G$9!# <’>l $O ~ B = (0 ; 0 ; B z ) B z ( r ) = ( B 0 0 � r � a 0 r � a A0<0 $G M? $( $i $l <’>l $r@8 $8 $5$;$k %Y%/%?!< %]%F %s%7%c %k$OL5?t $K B8:_ $7 $^$9 $, $3$3$G$O 0J2<$NMM$J%Y%/%?!< %]%F %s%7 %c%k$r <h$j$^$9!# ~ A = ( A x ; A y ; A z ) ; A r = A x cos( � )+ A y sin( � ) ; A � = � A x sin( � )+ A y sin( � ) A � = ( B 0 r = 2 0 � r � a B 0 a 2 =r = 2 r � a <’>l $,%<%m$NNN0h $G$b%Y%/%? !< %]%F %s%7%c %k $,$"$j !" $3 $l$, GHF04X?t $K 1F6A $r M? $( $^$9!# 4 x <4 %W %i %9J}8~$K EE;R $, N. $l !" y <4J} 8~ $O y !a -L !" L $G NN 0h $, 8B $i$l $F$$$^$9 !# $D$^ $j!" $= $3 $G 40A4 H?<M $7 $^$9 !# Cf ?4 IU6a $K %]%F %s%7 %c %k $OL5 8BBg$G$+ $D <’ >l $, $" $k NN0h $, B8:_ $7 $^$9!# $b $A$m $s !" $3$N NN 0h $K$O EE;R $O N. $l 9~$_$^$; $s !# x <4Ii$NNN0h $+$i N.F~ $7 $? EE;R $O x <4@5$NNN0h $G43>D $7 $^$9!# EE;R $N $$ $k NN0h$G$O <’ >l $,%< %m$G$" $j $^$9 $, !" %Y %/ %H %k%] %F%s%7 %c%k$, EE;R$N 0LAj $K 1F6A $7 !" $=$N7k2L $, 43>D$N %: %l $H $7 $F 4QB, $K$+$+$j $^$9!# (5) %9 %T%s 1 !? 2 $r $b$D N3;R $N GHF04X?t $N ;~4VH/E8 GHF0 4X?t$N %9 %T%s @.J,$r ?’ $K BP 1~$5$; !" GHF04X?t$N ;~4VH/ E8 $r F0 2h2= $7 $F$$ $^$9!# ( ~ x; t ) = " " ( ~ x; t ) # ( ~ x; t ) # : $D $^ $j !" j " ( ~ x; t ) j 2 $N Bg$- $5 $r @D$N L@ 0E$K j # ( ~ x; t ) j 2 $N Bg$- $5 $r @V $N L@0E$K BP 1~$5$; $^$9!# 6qBN E* $K$O !" ( ~ x; t ) = [ ; 0] T $N$H $-$K$O @V ?’ !" ( ~ x; t ) = [0 ; ] T $N$H$-$K$O @D?’ !" ( ~ x; t ) = [1 ; 1] T $N$H $- $K$O ;g?’ $K$H $J$j $^$9!# %O%_ %k %H %K%" %s$O ^ H = � � h 2 2 m r 2 + ~ B ~ � ; ~ � = ( � x ; � y ; � z ) : P aul i matr ix; $G $9!# =i 4| >u BV $r ( ~ x; t ) = [1 ; 1] T $D $^ $j ;g ?’ $H $9 $l $P !" <’ >l $, ~ B = (0 ; 0 ; B 0 ) $J$i $P !" %O%_ %k %H %K %" %s $N %9 %T%s ItJ,$O 3F@. J,$N 0LAj$r JQ $( $^$9 $, !" @d BPCM $O JQ $($:!" ;g ?’ $N$^$^ !" <’>l $, ~ B = ( B 0 ; 0 ; 0) $J$i $P !" 3F @.J, $NBg$- $5$N JQ2= $7 !" ;g !" @V !" @D !" ;g $H JQ2= $7 $^$9!# <’>l $, 6u4V E* $KJQ2= $7$F$$$k>l 9g !" GH F0 4X ?t $N 6u 4V E* 7A $K1F6A $rM? $( !" $=$N ;~4VJQ 2= $O <’ 5$%b!< %a %s %H $r ;}$C$? 8EE5E* N3;R$N 1?F0$+$i N‘ ?d $G$- $^$9 ( $b$A $m $s $I $A $i$NJ}8~ $+$i8+ $F$b>e8~ $- $H2<8~ $- $7$+$J$$$H8@$& $N 5

$O 8EE5E*N‘?d $+$i$O M}2rITG= $G$9 $, ) !# $$ $o$f$k %7%e%F %k %s!& %2%k%i%C%O $N <B 83 $G $9!# $3$N >l 9g !" >e8~$- %9 %T%s @.J,$H 2< 8~$- %9 %T%s @. J, $, 6u 4VE* $K JL $l $^$9!# :G8e$N;0$D$N %7 %_ %e %l !<%7%g %s$O !" z J}8~ $N8GM->uBV $O x J}8~8GM->u BVH> !9 $N =E $M 9g$o$;$G $" $k$H$+ !" Fs$D $K J, $1$F$+$i JR J}$;$- ;_$a$F$b $& 0lEY JL$N8G M->uBV$G J, $1 $k$H$b$H$K$O $J$+ $C$? @.J, $, =P$F $/$k$H 8@ $& $H $3 $m $r 8+$F$b $i $* $& $H :n$C$F$$$^$9!# ( %U%! %$ %s %^ %s J*M}3X V ;2>H ) 6