N.BN$N?t3X D;<hBg ( 9) ) 1~MQ?tM}9)3X2J Bg@>8&5f<< ?tM}9)3X1i=, I/I I (2002-10-09 HG ) 35 MW $3$N %W %j %s%H $O !" 3 2s@8$N 2J L\ !V ?t M}9) 3X1i=, I/I I !W $N$?$a$N 2] Bj$G$" $k !#Bh 1 =5$*$h $S Bh 2 =5$K Bh I It $N1i=, $r$*$3$J$$ !" Bh I I It $N1i=,$rBh 3 =5$*$h $S Bh 4 =5 $K$*$3$J $& !# $^ $: !" 1i=, $K Mh$kA0 $K !" Bh 1 >O$N1i=,LdBj$rM==, $7 $F $*$$$F $[ $7 $$ !#1i=, $N:G=i$N=5 $K !" $3 $l$i$N LdBj $K$D$$$F >.%F%9 %H $r $*$3$J$C$?$"$H !" 9uHD $G@bL@ $7 $F$b$i $& !# Bh 2 >O !V !X >l !Y $H$$ $& $b$N !W $O %l%] !< %H 2]Bj $G !" $3 $l$O 2 =5L\$NKAF,$KDs=P$9$k !# :G=i$N=5$N=*N; ;~ $K !" Bh 3 >O$N 2]BjJ,C4$r7h$a$F$* $/ ( $"$^$j:YJ,2= $7 $J $$$h $& $K ) !# 2 =5L\$K$O !" $3$N J,C4 $K =>$$ !"2]Bj $NFbMF $r H/I=$9$k!#Bh 4 >O$O %l %] !< %H 2]Bj$G !" 1i=,=*N;8e 2 =54V$r$a $I $K Ds=P$9$k !# Bh I I It $b !" Bh I It $H$[ $\ F1 $8 $h $& $K?J$a$kM=Dj $G$"$k !# $7 $? $, $C $F !" 8e4| $N:G=i$N=5 $K$O !" Bh 5 >O$rM= =, $7 $F$3$J $1$l $P $J$i$J$$ !# $? $@ $7 !" :G8e $N=5$N2]Bj $O !" Bh 7 >O$N$9 $Y$F $G$O$J$/!" E, 59A*Br $7 $F$b$i $& $3 $H$K$J$k !#:G8e$NBh 8 >O$O %l %] !< %H 2]Bj$G$"$k !# $J$* !" $3$N %W %j %s %H$ND{@5 $dJdB- @b L@ $r http://www.damp.tottori- u.ac.jp/~ooshida/edu/b3e/ $K 7G:\ $9$k$N $G !"I,MW $K 1~ $8 $F ;2>H$9$k $3$H !# L\ <! Bh I It N.BN$NJ}Dx<0 $r F3$/ 2 1 N.BN$NJ}Dx<0$rF3$/$?$a$N=‘Hw 2 1.1 LL@QJ, $H BN@Q@QJ, : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 1.2 Gau� $NDjM} : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 1.3 E:;z5-K! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 1.4 J]B8B’$NHyJ,7A : %P %i %s %9$N<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 1.5 1?F0NLJ]B8B’ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 2 !V >l !W $H $$ $& $b$N 5 3 N.BNNO3X$NJ}Dx<0 7 3.1 N.BN $K$*$1$k <ANLJ]B8B’ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 3.2 N.BNMWAG $H J*<AHyJ, : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 3.3 G.EAF3J}Dx<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 3.4 HsG4@-N.BN$N1?F0J}Dx<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 3.5 HsG4@-$N 2 <!85Hs05=LN. $l : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 3.6 1_Cl $r 2a $. $k HsG4@-$NN. $l : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 4 %l %] !< %H 2]Bj : !V G4@-$N$J $$ N.$l !W 13 1

2 Bh I I It N.BN$N1?F0$r2r@O$9$k 13 5 %Y %/ %H %k 2r@O$NI|=, 13 5.1 %Y %/ %H %k >l$NHyJ, $K 4X$9$k8x<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 5.2 12$NN. $l : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 6 JQ?tJ,N%K! 14 7 N.BNNO3X$NJ}Dx<0$r2r$/ 15 7.1 12EYJ}Dx<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15 7.2 ?e$NGH : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16 7.3 @u?eGH : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16 7.4 D7?e$N7A@.2aDx : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 7.5 Dj>o?J9T$9$kD7?e : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 7.6 2;GH$NJ}Dx<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 7.7 B.EY8{G[ $H G4@-1~NO : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 7.8 G.EAF3 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 22 7.9 J?LL P oiseuille N. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 7.10 1_4I Poiseuille N. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 7.11 <PLL>e$N1UKlN. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 24 7.12 1_Cl $r 2a $. $kCY$$N. $l : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 8 %l %] !< %H 2]Bj : !V G4@-$N$"$kN.$l !W 26 A %. %j%7%c J8;z 27 B 5eLL$N %Q%i %a !<%?I=<( 28 C Gau� $N8m:94X?t 28 Bh I It N.BN $N J}Dx<0 $r F3$/ 1 N.BN$NJ}Dx<0 $r F3$/$?$a$N=‘Hw 1.1 LL@QJ, $H BN@Q@QJ, (1) NN0h V 1 = f ( x; y ; z ) j 0 < x < L 1 ; 0 < y < L 2 ; 0 < z < L 3 g $K $*$$$F !" 29EYJ,I[ $, T = T 0 + T 0 0 z + 1 2 T 00 0 z 2 ( T 0 , T 0 0 , T 00 0 $O Dj?t ) $N$h $& $K$J$C $F$$$k $H$9$k !# (i) NN0h V 1 $r ?^<( $7 !" Hy>. BN@Q $KJ,3d $;$h !# (ii) Hy>.BN@Q � V $K 4^$^ $l $kG. %(%M %k %. !< 1 � Q $r 5a $a$h !#J* <A $NL)EY � $*$h $S <ANL$" $?$j$NHfG. c $O 4{CN$NDj?t $H$9$k !# (iii) NN0h V 1 $N 1 $3$NMQ8l $O K\Ev $O@5 $7 $/ $J$$ | K\Ev $O !V FbIt%(%M %k %. !< !W $d !V %(%s%?%k %T !< !W $K$D$$$FO@ $8 $k $[ $& $, @5 $7 $$ !# $7$+ $7 !" $3$3 $G$O !V G. !W $K$D$$$F$N D>4QE* %$%a !< %8$r M%@h $7 $F !" $" $($F !V G.%(%M %k %. !< !W $H$$ $&@N $J $,$i$N MQ8l$rMQ$$$k !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 3 $J$+$KB8:_$9$kG.%(%M%k %. !<$NAmNL Q $r 5a$a$h !# %R%s %H : $b $7 $b J*BNA4BN ( BN@Q V ) $N29EY T $, 6Q0l$J $i $P !" G. %(%M %k %. !< Q $O !" G.MF NL C = �cV $r MQ $$$F Q = C T = �cT V $K $h$j 5a$a $i$l $k !# $3$N<0$rHy>.BN@Q � V $K 1~MQ$9$k !# (2) NN0h V 2 = f ( x; y ; z ) j �1 < x < + 1 ; �1 < y < + 1 ; 0 < z < h g $N$J$+$K !" � = � 0 e � ( x 2 + y 2 ) =a 2 ( $?$@ $7 � 0 , a $O Dj?t ) $N$h $& $JEE2YL)EYJ,I[ $, B8:_ $7 $F $$$k !#NN0h V 2 $N$J$+$N EE2Y$NAmNL q 2 $r 5a $a$h !# (3) EE<’5$3X $K$* $1 $k Gau� $NK!B’ [1, p.89] $K $h $l $P !" NN0h V $N$J $+ $K B8:_$9$k EE2Y $NNL $O !" NN 0h V $N I=LL S $r 4S$$$FFbB& $+$i 30B&$X8~ $+ $&EE5$NO@~ $NAmNL $K Ey $7 $$ 2 !# NN0h V 3 = f ( x; y ; z ) j � a < x < a; � b < y < b; � c < z < c g $K $*$$$F EEB+L)EY>l D $, D = 8 < : (0 ; 0 ; + � 0 E 0 ) ( z > 0 $K $*$$$F ) (0 ; 0 ; � � 0 E 0 ) ( z < 0 $K $*$$$F ) $N$h $& $KM?$( $i $l$F $$$k $H$9$k !# (i) V 3 $N I=LL $r !" 6 $D$NLL$NOB $H $7 $F$"$i$o $7 !" $= $l $>$l $NLL$N308~$- C10LK! @~ %Y%/ %H%k$r <( $; !# (ii) $= $l $>$l $NLL $K$D$$ $F !" LL $r$D $i$L$/EE5$NO@~ $NNL $r5a$a$h!# (iii) V 3 $K 4^ $^ $l $kEE2Y$NAmNL q 3 $r 5a $a$h !# (4) NN0h V 4 = � ( x; y ; z ) j x 2 + y 2 + z 2 < a 2 $K $*$$$F D = ( K x; K y ; K z ) $N$h$& $JEEB+L)EY >l $, B8:_ $7 $F$$$k !# (i) NN0h V 4 $NI=LL $r Hy>.LL @Q � S $K J,3d $7 !" K! @~ %Y%/ %H%k n $H$H $b $K <($; ( Jd0d B $r ;2>H ) !# (ii) $=$l $>$l $N Hy>.LL @Q � S $r $D $i$L $/EE5$NO@~$N NL $r 5a$a$h !# (iii) NN0h V 4 $K4^$^ $l $kEE2Y$NAmNL q 4 $r 5a$a$h !# 1.2 Gau� $NDjM} %Y%/ %H %k 2r@O $G$$ $& Gau� $NK!B’ ( Gau� $NDjM} ) $O !" Z V div f dV = Z V $N 6-3& f � n dS (1.1) $H$$ $& _ 91 _ Ey _ <0$G$" $k 3 !#EE<’5$3X$K$*$1 $k \Gau� $NK!B’ " $H$O !" 4X78 $O$" $k$1$l $I $b 35G0E*$K$O JL$N$b$N$@$+ $i !" :.F1 $7 $F$O$$$1$J$$ !# (1) %Y %/ %H %k >l f $*$h $S NN0h V $r 6qBNE* $K f = � 1 � z 2 ; x + y ; 2 z � ; V = � ( x; y ; z ) j x 2 + y 2 + z 2 < a 2 $H $7 $F !" <0 (1.1) $N :8JU$NCM$r5a$a$h !# (2) >e5-$N f $*$h $S V $K BP $7 !" <0 (1.1) $N 1&JU $r _ @5 _ D> _ $K 7W;; $7 !" :8JU $N7W;;7k2L $H0lCW$9$k $3$H$r3NG’$;$h!# 2 LL@Q $"$?$j$NEE5$NO @~$NL)EY$r$" $i$o $9>l $, EEB+L)EY>l D $G $"$j !" ??6uCf $G$O D = � 0 E $G M?$($i $l $k !#J*<ACf ( $9$J$o$A D>@\ 9MN8 $7 $J$$ EE;R$dM[;R $,$? $/$5 $s$" $k>l9g ) $N D $H E $N 4X78 $O 0lHL $K$O J#;( $G$" $k $, !" D = � E $H 9M$($F$h$$>l9g $, B?$$ !# 3 J88% [2, x 60] $K <!$N$h $& $J 8@MU $,$" $k : \ !V 8x<0 !W $J $I $H 0l8} $K 8@ $& $, !" ?t3X $K 1w $1 $k8x<0$O<g$K !V 91Ey<0 !W $G$"$j !" J*M}3X $K 1w $1 $k8x<0 $O !" !V J}Dx<0 !W $G$" $k !# !D "

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 4 1.3 E:;z5-K! %Y%/ %H %k 2r@O $G$O !" div a = r � a = @ a x @ x + @ a y @ y + @ a z @ z = @ j a j $N$h $& $K !" F1 $8 $3$H$r$"$i$o$9$N$K$b >l9g $K 1~ $8 $F $5$^ $6 $^$J5-K!$rMQ$$$k !# $3$3$G !" :G8e $K$G$F$-$? @ j a j $N$h$& $J=q $-J} $r !" $3$N %W %j %s %H$G$O E:;z5-K! $H$h$V $3$H $K$9$k 4 !# K\ Ev $O X j = x;y ;z @ j a j $N$h $& $K=q$/ $Y$- $J$N $@ $, !" E: ;z5-K! $G$O $U$D $& P $r >JN, $7 !" $=$N $+$o$j !V E:;z $, 2 $D=EJ# $7 $F$$$?$i P $r Jd$C $F9M $( $k !W $H$$ $& LsB+ $K$J $C$F$$$k ( Einstein $N 5,Ls ) !# (1) <!$N$h $& $J4X78<0 $,$" $k$H$9$k !# (i) $^$: @.J, $G I=5-$;$h !# (ii) E:;z5-K! $K$h $kN,5- $r <($; !# (a) x = ( a � b ) c � a ( b � c ) (b) h = f � r g (2) E:;z5-K!$rMQ$$$F !" <! $N<0 $, @.$jN)$D$3$H$r$J$k$Y$/4J7i $K <($; : r � ( f u ) = u � r f + f div u (1.2) 1.4 J]B8B’$NHyJ,7A : %P%i%s %9$N <0 EE<’5$3X $d N.BNNO3X $G$O !" $7$P$7$P !" @QJ,7A$NJ}Dx<0 , HyJ,7A$NJ}Dx<0 $H$$ $&=q $-49 $( $, I,MW $K$J $k !#6qBNNc $r$R$H$D 5s $2 $k $H !" $? $H$( $P Gau� $NK!B’ $N@QJ,7A $O Z S D � n dS = Z V � dV (1.3) $G !" $3 $l$r HyJ,7A $K D>$9 $H div D = � (1.4) $H$J $k !#@QJ,7A (1.3) $+$i HyJ,7A (1.4) $X$N JQ7A $K$O !" Gau� $NDjM} (1.1) $r MQ$$$k 5 !# (1) J*<A$N<ANLJ,I[ $O !" L)EY � = � ( x; y ; z ; t ) $G$"$i$o $9$3$H $,$G$- $k !# <ANLJ]B8B’ $r@QJ,7A$G=q$$$?<0 d dt Z V � dV = � Z S � u � n dS (1.5) $r !" HyJ,7A $KD>$; !# $J$* !" u $O N. $l $N B.EY $r$"$i$o$9!# 4 ?M $K$h$C $F $O !" E: ;z5-K! $N $3 $H$r !V %F %s%=%k !W $H8@ $& $, !" $3 $l$O >/!9 4qL/ $J8lK! $G$"$k!# 8=Be ?t3X $G%F %s%=%k$H8@$&>l 9g !" E: ;z5- K! $G=q$+ $l $k$H$O 8B $i$: !"$‘ $7 $mD> @Q ( %F %s%=%k @Q ) a b $r MQ$$$F =q$/$3$H $, B?$$ [3, x 11] !#$^$? !" J*M} $G$$ $&%F %s %=%k$G$O !" $$$o $f$kJQ49B’ ( :BI8JQ49$H@.J,$NJQ49 $, $I $&O"F0$9$k $+ ) $, =EMW $G$" $k [4] !# $$ $:$l$K $7 $F$b E:;z $O%F%s%=%k$K$H $C$FK\<AE* $G$O$J$$ !# 5 $5$C$- !V Gau� $NDjM}$H Gau� $NK!B’$H$O35G0E* $K JL$N$b$N $@$+$i :.F1 $7 $F$O$$$1$J$$ !W $H=q$$$F$"$C$?$N$r;W$$=P$= $& !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 5 (2) ?eCf$K %> %& %j%‘ %7$+ 2? $+$, B??t$$$k$H $7 $F !" $=$N?tL)EY$r � = � ( x; y ; z ; t ) $H =q$/!# >l=j $4 $H$N A}?#$r<( $99‘ $r � $H $9$k$H !" %> %& %j%‘ %7$N?tL)EY $K 4X$9$k@QJ,7A$N<0 d dt Z V � dV = Z V � dV � Z S � u � n dS (1.6) $, F@$i $l $k !# (i) $3 $N <0 $r HyJ,7A $K D>$; !# (ii) A0Ld (1) $N 7k2L $H Hf3S$;$h !# (3) N.BN$^$? $O8GBN$N $J $+$N%(%M%k %. !<$NJ,I[ $r 9M $($h $& !# N. BN $NB.EY $, $8 $e $& $V $s$KCY$/!" $^ $?30It $+$i$N 05=L $d2=3XH?1~$J $I $K $h$kH/G.$d5[G.$b$J$$>l9g !" %(%M%k %. !<J]B8B’$O !" $$ $o$f$k G.NLJ]B8B’ dQ dt = � Z S J � n dS � $?$@ $7 Q = Z V dV � (1.7) $K5"Ce$9 $k 6 !# $3$3 $G Q $O V $N$J $+$NG.NL !" J $O LL@Q$" $?$j $NG. $N0\F0 $r<($9 %Y%/ %H%k$G$"$k ( x 3.3 $G $h $j$/ $o $7 $/9M;!$9$k ) !#<0 (1.7) $r !" HyJ,7A $K =q$-D>$; : @ @ t ( �cT ) + = 0 (1.8) 0lHL $K !" 2? $i$+$N NL ( J*<A!& %(%M%k %. !<!& EE2Y $J $I ) $, 6u4V $K J,I[ $7 $F $$$k >l9g !" $=$NJ,I[$N;~4VJQ2= $O !" @ @ t [ J,I[L)EY ] + div [ N.B+9‘ ] = [ @8@.9‘ ] (1.9) $H$$ $&7A $N<0 $K => $& [6, x 1] !#<0 (1.9) $r %P%i %s %9$N<0 $"$k$$ $O 9-5A$NJ]B8B’ $H$$ $& 7 !# 1.5 1?F0NLJ]B8B’ N.BN $N1?F0J}Dx<0$O !" 6u4V $K O"B3E*$KJ, I[ $7 $? 1?F0NLL)EY � u $r 07 $& !# $7 $+ $7 !" $$$-$J$j O"B3E*$JJ,I[ ( "b L58B8D $NE@ ) $r 9M $( $k$N $O Fq $7 $$$N$G !" =‘Hw $H $7 $F !" 2 <AE@7O$NI|=, $r $7 $h $& !# (1) <AE@ A $H <AE@ B $, NO$r5Z $\ $7 $" $&>l9g $r9M$($k !# (i) Newton $N 1?F0J}Dx<0 $r d dt � A = F B ! A d dt � B = � � � $N7A $G =q$-D> $; !# (ii) 1?F0NL � A , � B $r 6d9T $N8}:B;D9b $K$?$H$($k$H$9$k $H !" >e5- $NJ}Dx<0 $N3F9‘ $O 2? $K $?$H$($i $l $k$+ ? (iii) 7OA4BN$N1?F0NL$N9g7W $, 0lDj $K J]$? $l $k $3$H$r @bL@$;$h !# (2) 5! 4X<V$r4^$a$F 3 N>O" 7k $G Av$k Ns<V$N1? F0J}Dx<0$r >e5-$N$h $& $J7A$G 5- $7 !" 9M;!$;$h !# FC $K !" H/<V$"$k $$ $ODd<V$N>l9g$r9M$( !" 1?F0NL $NJQ2=$K$D$$$F9M;!$;$h !# 2 !V >l !W $H $$ $&$b$N ?t3XE* $K$O !" \ 6u4V:BI8 r = ( x; y ; z ) $N 4X?t " $" $k$$ $O \ 6u4V:B I8 r $H ;~9o t $N 4X?t " $N$3$H$r >l (�eld) $H >N $9$k!# $$$^$^ $G !" 29 EYJ, I[ !& EE2Y J,I[ $J $I $H$$ $&=q $-J} $r $7 $F$-$? $, !" $3 $l$i$O !V 29EY>l !W !V EE2YL) EY>l !W $J $I $H 8F$V$Y$- $b$N$G $" $k !#JL $N Nc$r$" $2 $k$H !" <’NO@~ $, 6u 4V$K J,I[ $7 $F $$ $k MM;R$O <’ >l ( $"$k$$$O \ <’ B+L) EY >l ") $H $7 $F 5-=R$5 $l $k !#N.BNNO3X $G$O !" 6u4V $N3FE@ $4 $H $N B.EY $r <($9 B.EY>l $, =EMW$J35G0 $G$" $k !# 6 5U $K !" 5$BNNO3X$G9M$( $k$h $& $JB.$$ N. $l$G$O !"G. $@$1$r @Z$j N% $7 $F 9M$($k$3$H$K$O $"$^$j 0UL# $, $J $/!" FbIt %(%M%k %. !<$H1? F0%( %M %k %. !<$r0l=o $K $7 $F %( %M%k %.!< J}Dx<0 $r9M$($kI,MW $,$" $k !# %(%M %k %. !<J}Dx<0$N6qBNE*$J7A $K$D$$$F$O ;29MJ88% [5, p.59] $r 8+$h!# 7 @8@.9‘ $,%<%m$N >l9g $, 695A$NJ]B8B’$G$"$k !#<0 (1.5) $d <0 (1.7) $, 3:Ev$9$k !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 6 (1) >l $K$O %Y%/ %H %k >l !& %9%+%i!<>l $J $I $, $" $k !# $3 $l$i$N 0c$$ $O 2? $+ ? (2) ?7J9$rGc$C$FE75$?^$r@Z$jH4$- !" %l %] !< %H MQ;f $K E=$j$D $1$F !" <! $NE@ $K $D$$$F@bL@$;$h : � $I $N$h $& $J%Y %/ %H%k >l$d%9%+%i!<>l $, MQ$$ $i $l$F $$$k$+ ? � 05NO$N6KBgCM$d6K>.CM $O $I $3$K $"$k$+ ? � D;<h $K$*$1$k Iw8~$dIwB. $O $I $&FI $_<h $l $k$+ ? (3) %3 %s %T %e !< %? $K$h$k %0 %i %U:n@. %D!< %k ( GNUPLOT $d Ngraph $J $I ) $rMQ$$ $F 8 !" 0J 2< $N%9 %+ %i!< >l $r?^<( $; $h : � � = � ( x; y ) = e � ( x 2 + y 2 ) � s = s ( x; y ) = exp � x � p x 2 + y 2 � $J$* !" $= $l $>$l$K$D$$$F !" D; bW?^ $H EyCM@~?^ $NN>J} $rDs=P$9$k $3 $H ( ?^ 1 $r 8+$h ) !# $^ $? !" Ey9b@~ $, $8 $e $& $V $s 3j$i$+$K$J$k$h $& $K !" %5 %s %W %j %s %0 ?t ( GNUPLOT $G 8@$( $P isosamples ) $r E,@Z$JCM $K @_Dj$9$k$3$H !# (4) F1 $8 $/!" %3 %s %T %e !<%? $K$h $k %0 %i%U :n@.%D!< %k$r MQ$$$F !" %Y%/ %H%k >l u = ( u; v ; w ) = ( A sin x cos y ; B cos x sin y ; 0) [ A; B $O Dj?t ] (2.1) $r?^<($;$h !# $3$3$G !" A $*$h $S B $N CM $O !" <! $N 4 $H $*$j$H$9$k : � A = 0 : 5, B = � 0 : 5 � A = 0 : 8, B = � 0 : 2 � A = 0 : 8, B = 0 : 5 � A = � 0 : 8, B = 0 : 8 7k2L $r?^ 2 $K <( $7 $F$" $k$N$G !" ;29M $K $9$k$3$H !# %Y %/ %H%k >l$O !" ?^ 2 $d ?^ 3 $N$h $& $K !" >. $5$JLp0u$r$?$/$5 $s IA$$$F$"$i$o$9!#Lp0u $, $"$^$j D9$$$H8+ $K $/ $$$N $G !" E,Ev $K=L $a$FIA$/ $3$H ( $=$b $=$bLp 0u $,$" $i$o$9$N $O !V 0lE@ $K$* $1$k%Y%/ %H%k CM !W $J$N $G !" 35 G0E*$K$O !" Lp0u $N@j$a$kBg$-$5$OL58B>.$G$J$1 $l $P $J$i$J $$ ) !# ?^ 1: %9%+%i!<>l = cos x sinh y $N %0 %i%U : :8 $O D;bW?^ !" 1& $O EyCM@~?^ 8 ;qNA $r http://www.damp.tottori- u.ac.jp/~ooshida/edu/b3e/ $K MQ0U $7 $F$" $k$N $G ;29M $K$9 $k$3$H !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 7 ?^ 2: <0 (2.1) $G $"$i$o$5$l $kN. $l >l$NNc 3 N.BNNO3X$NJ}Dx<0 :# $^ $G$NM=HwCN<1 $r$b$H$K !" N.BN $K$*$1$k <ANLJ]B8B’ ( O"B3$N<0 ) !" $*$h $S 9-5A$N1?F0NLJ]B8B’ ( Euler $N 1? F0J}Dx<0 ) $r $"$i$o$9 <0 $r F3$/!# 4XO" $9$k%F!<%^ $H $7 $F !" G.EAF3J}Dx<0 $K$D$$$F$b 9M;!$9$k !# $J$* !" 1i=, $, =*$o$C $?$"$H !" ;XDj $5 $l $? 4|F|$^ $G $K !" x 3.6 $r ( N. $l >l$N?^<($^ $G 4^ $a$F ) %l %] !< %H $K $^$H$a !" Bh 4 >O$N %l%] !< %H$H 0l=o $K Ds=P$9$k$3 $H !# 3.1 N.BN$K$* $1 $k<ANLJ]B8B’ <0 (2.1) $G M?$($i$l $k N. $l >l$r 9M $( $k !# $3$3$G !V >l !W $H$$ $&8@MU $, <($9$h $& $K u $O ( x; y ; z ) $N 4X ?t $G $"$j !" >l=j $K 1~ $8 $F 0[$J$kB.EY $rI= $7 $F$$$k ( C10l $NCM $G$O$J$$ ) !# Dj?t A , B $r E,Ev $K 7h $a$FB.EY>l $rIA$/ $H !" $?$H $( $P ?^ 2 $N$h $& $K$J $k !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 8 (1) ?^ 2 $K <( $7 $F$" $k 4 $D$N N. $l >l$N $&$A !" Hs05=LN.BN 9 $G$O <B8= $G$-$J $$ N. $l$, 2 $D$"$k !# $I $l $, <B 8=2DG= $G $I $l$, <B8=IT2DG=$+ !" D>46E* $K9M;!$;$h !# (2) <0 (2.1) $N N. $l $, Hs05=LN. BN $NN. $l$H $7 $F <B8= $G$-$k $? $a $K$O !" A $H B $O $" $k>r7o <0 $rK~ $?$5 $J $1 $l $P $J $i$J$$ !# $3$N>r7o<0$r !" <! $N$h $& $J<j=g$G5a$a$h !# � 0lHLO@ $H $7 $F !" N.BN $N<ANLL)EY $r � $H $7 !" <ANLJ]B8B’ (1.5) $r HyJ,7A $G =q$-$J$*$9!# � Hs05=LN.BN $G$O !" F10l $NN.BNMWAG$NL)EY $O ;~4VJQ2= $7 $J $$$N$G � ( t + � t; r + u � t ) = � ( t; r ) (3.1) $, @.$jN)$D 10 !# $3$N$3$H$+$i !" u $K 4X$9$k<!$N>r7o<0 $r F3$/ : div u = 0 : (3.2) � <0 (2.1) $H <0 (3.2) $r MQ$$ $F !" A $H B $, K~$?$9$Y$->r7o<0$r5a$a$k !# (3) ?^ 2 $K <($5 $l$F $$ $k 4 $H $*$j$NN. $l >l $K $D$$$F !" div u $r 7W;; $7 !" Hs05=LN.BN $NN. $l$H $7 $F$N <B8=2DG=@- $K$D$$ $F9M$($h !# (i) div u > 0 $H$J $kNN0h $H div u < 0 $H$J$kNN0h$r?’J, $1 $7 $F ?^<( $;$h !# (ii) $= $l $>$l $NNN0hFb$KHy>.$JNN0h$r@_Dj $7 !" Hy>.NN0h $+$i$NN.BN$N=PF~$j$r9M;!$;$h !# 3.2 N.BNMWAG $H J*<AHyJ, $"$k0lDj NL $NN.BN $, !" 0 < x < + 1 $N HO0O $N6u4V $r@j $a$F$$$k!# N. BN $O O"B3BN $G$"$k $, !" $3 $l$r :YJ,2= $7 $F N 8D$NN3;R ( N.BNMWAG ) $H 8+ $J $7 ( $b$A$m $s N ! 1 ) !" $=$N0LCV$dB.EY$HN.BN$NL)EY$H$N4X78$r9M$($h $& !# (1) C< $+$i =gHV $K N3;R $K HV9f ( j = 0 ; 1 ; : : : ; N � 1) $r $D $1 !" j HVL\$NN3;R$N0LCV x j $, x j = j � N � j (1 + � sin ! t ) (3.3) $GM?$($i $l $k$H$9$k !# 2#<4 $K x , =D<4 $K t $r$H $j !" N3;R $N1?F0$r?^<($;$h !# (2) N3;RHV 9f $r O"B3BN $K E,MQ $7 $? $b$N$r J*<A:BI8 $H>N $7 !" $3$3$G$O a = j = N $G Dj5A$9$k !#N.BNMWAG$N0LCV x $*$h $S B. EY u $r !" ;~9o t $H J*<A :BI8 a $N 4X ?t$H $7 $F 5a$a $h !# [ %R%s %H : N ! 1 $N 6K8B$G x j ! x , $^$? j ! N a ] (3) N.BN$N L)EY � $K $D$$$F 9M $($h $& !# N.BN $N A4<ANL$r m $H $9$k$H !" N3;R 1 8D$"$?$j$N <ANL $O � = m= N $G $" $k !# $7 $?$, $C$F !" � V = S � x $N 6u 4VHO0O$K k 8D$N N3;R $, F~$C $F$$$?$i !" $=$3$G$N L)EY$O � = k ~ �= � x $G $"$k ( $? $@ $7 ~ � = �=S $H CV$$$? ) !#<0 (3.3) $K 4p $E$$$F !" 6qBNE* $K � = lim N !1 k ~ � x j + k � x j $r7W;; $7 !" � $r a $H t $G $"$i$o$; !# [ %R %s %H : $^$:J,;R$HJ,Jl$rJL !9 $K 7W;;$9$k$[ $& $, LLE] $, >/$J$$ !# ] (4) >e$G5a$a$?L)EY � = � ( a; t ) $K $D$$$F !" a $r 8GDj $7 $? ;~4VHyJ, D � D t def = � @ � @ t � a (3.4) 9 05=L $dKDD%$r5v$5$J$$N.BN$N$3$H !#F1 $8 0UL#$G !V HsKDD%N.BN !W $H$b8@$($k$O$: $@$, !" $U$D$& $O !V Hs05=LN.BN !W $H8@ $& !# 10 I, $: $7 $b � = const : $G$" $kI,MW $O$J$$ !# $?$H$( $P !" L} $H?e $+$i @.$k7O$r9M$($F$_$h !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 9 $r5a$a$h !# $J$* !" D � D t def = � @ � @ t � a (3.5) $GDj5A$5 $l $k D =D t $N$3$H$r J*<AHyJ, $"$k $$ $O Lagrange HyJ, $H >N $7 !" !X N.BNMWAG $NN)>l $+ $i 8+ $?;~4VHy J, !Y $r$"$i$o$9 11 !# (5) (i) >e5-$N7k2L $K a = a ( x; t ) $r BeF~ $7 $F @0M} $7 !" � $r x $H t $G $"$i$o$; !# (ii) � = � ( x; t ) $N ;~4VHyJ, $r 5a $a$h !# (iii) 8x<0 D � D t = lim � t ! 0 � ( t + � t; r + u � t ) � � ( t; r ) � t = @ � @ t + u � r � (3.6) $rMQ$$$F D �=D t $r 7W;;$9$k$H !" <0 (3.4) $H F1 $8 7k2L $, F@ $i$l $k$3$H$r3NG’$;$h !# (6) (i) N.BN$NL)EY � $*$h $S B.EY u $, !" 1 <!85$N O"B3$N<0 @ � @ t + @ ( �u ) @ x = 0 (3.7) $rK~$?$9$3$H$r<($; !# (ii) <0 (3.7) $N 3 <!85HG$r=q$-2<$; !# 3.3 G.EAF3J}Dx<0 $$ $- $J$jN. BN $N1? F0 J} Dx <0 $r9M $($k $N $OFq $7 $$$N $G !" $h $j 0W $7 $$Ld Bj $H $7 $F !" G. $N0\ F0 $r5- =R $9 $k J} Dx <0 12 $r 9M $( $k$3 $H$K$9 $k !# (1) G.$N0\F0 $K$O !V EAF3 !W !V BPN. !W !V J|<M !W $N 3 $D $, $"$k !# $= $l $>$l$K $D$$$F !" $$$/$D $+ 6qBNNc $r5s $2 $F @bL@ $; $h!# $? $@ $7 !" <+J, $GBN83 $7 $?$3$H$N$" $kNc$K8B$k ( K\$GFI $s$@$@$1$N OC$G$O $@$a ) !# (2) <!$N<j=g $K =>$$ !" G.EAF3J}Dx<0 D T D t = � 4 T (3.8) $rF3=P$;$h!# $J$* !" :8 JU $N D =D t $O <0 (3.5) $G Dj5A $5 $l $k Lagrange HyJ, $G$"$k !# 6q BNE* $K Lagrange Hy J, $r7W;;$9$k$K$O !" 8x<0 (3.6) $r MQ$$ $l $P $h$$ !# � G.NLJ]B8B’ (1.7) $N HyJ,7A $+$i =PH/$9$k !# � G.$N0\F0 J $r !" J = q + J c + J r $N $h $& $K !" 3 $D$NItJ, $K J, $1$F 9M$($k !# { G.EAF3 $O F ourier $N G.EAF3$NK!B’ $K => $& : q = � � grad T (3.9) $D$^$j!" G.N. q $O 5wN% $"$?$j $N29EY:9 ( 29EY8{G[ ) $K HfNc$9$k!# $3$3 $G � $O G.EAF3 N( $G !" J* <A $N <oN‘$K$h$C$F7h$^$kDj?t $@$H 9M$($F$h$$ 13 !# { G.$J $I $, \ N. $l$K >h$C$F "( $9$J$o $AJ*<A$N 0\F0 $K H<$C$F ) 1? $P $l $k$3$H$r !" 0\N. ( $"$k$$$O BPN. ) $H $$ $& !# N.BN $NB.EY>l$r u $H $7 !" $3 $l$K $h$kG.$N0\N.$r J c $H =q$/$H !" <! $N4X78<0 $, @.$jN)$D : J c = u 11 J*<AHyJ, $O !" <0 (3.5) $, Dj5A$G$"$j!" <0 (3.6) $O$=$3$+$i F3$+ $l $k$b$N$H9M$($k$[ $& $, !" 5U $N9M$(J}$h$j$bL@2r$G$"$m $& !# 12 G. $NLdBj$@$+$i$H $$$C$FG. NO3X$N652J=q$r 3+$$$F$b !" $U$D $& $O L5BL$G$" $k !#$‘ $7 $m !V M" Aw8=>] !W $H$+ !V 0\ F0O@ !W $H $+ =q$$$F$" $k K\ $rC5$9$N $,$h$$ !# 13 0lHL $K$O � $O 29EY$N4X?t $@$, !" 29EY $NJQ2=$9$kI} $, >.$5 $1$l $P � $O Dj?t$H8+$J $7 $F NI$$ !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 10 %R%s %H : ;~4V � t $N$"$$$@$KLL � S $r DL2a$9$kJ*<A $NBN@Q $r$^ $: 5a $a !" $3 $l$r G.NL $K 49;;$9$k!# { J|<M $K $h$kG.$N0\F0 J r $O !" $H$j$"$( $: L5;k$9$k ( %<%m$H CV$/ ) !# � 0J>e$N7k2L $r Am9g$9$k $H !" N.BNCf $NG.EAF3J}Dx<0 $, @ T @ t + div ( T u ) = � 4 T (3.10) $N 7A$G F@$i$l $k ( $?$@ $7 � , c , � $O $$$:$l $b Dj ?t$@$H $9 $k ) !# $"$H$O !" Hs05=L N.BN$K 4X $9$k O" B3$N <0 (3.2) $r MQ$$$FJ}Dx<0 (3.10) $r =q$-D>$9$H !" J}Dx<0 (3.8) $, F@ $i$l $k !# (3) N. $l$,$J $$>l9g ( FC $K 8GBNCf$N>l9g ) $N G.EAF3J}Dx<0 $O $I $& $J$k $+ ? (4) SI C10L7O $K $h$kJ*M}NL X $N C10L $r [ X ] $G <($9 !# 78?t � $NC10L [ � ] $r 5a$a$h 14 !# 3.4 HsG4@-N.BN$N1?F0J}Dx<0 $h $& $d $/N.BN$N1?F0J}Dx<0 $r F3$/=‘Hw $,$G $-$? !# $? $@ $7 !" 4JC12= $N$?$a !" 1 <!85 $G 9M $($k$3$H$K$9$k !# 0J2< $NJ}?K $K =>$C $F 2 $D$N 0[ $J$k J}K! $G N.BN$N1?F0J}Dx<0 $r F3$- !" N><T $, F1 $8 7k2L$K$J$k$3$H$r3NG’$;$h !# (1) $^$:!" x 3.2 $N$h $& $J !" N.BNMWAG $K CeL\$9$kJ}K! ( Lagrange IAA| ) $G 9M $( $k !# � N.BNMWAG$N1?F0J}Dx<0 $r � � x i = F i � 1 ! i + F i +1 ! i + ~ f i (3.11) $H $9$k !# $3$3 $G F i ! j $O N.BNMWAG $I $& $7 $N4V$K$O$? $i $/NO !" ~ f i $O 30It $+$i N.BNMWAG $K D>@\ $O$?$i $/ NO$r$"$i$o$9!# � N.BNMWAG i; i + 1 ; i + 2 ; : : : ; i + k � 1 $r B- $7 9g $o$;$? 1?F0J}Dx<0 $r 5a $a$k : � d 2 dt 2 ( x i + x i +1 + � � � + x i + k � 1 ) = + ( ~ f i + ~ f i +1 + � � � + ~ f i + k � 1 ) (3.12) � L)EY $, � = ~ �k =� ( $? $@ $7 � = x i + k � x i ) $G M?$( $i$l $k$3$H$rMQ$$$k$H [ <0 (3.12) $N :8JU ] = �S � D u D t $3$3$G !" ;~4VHyJ, $K Lagrange HyJ, (3.5) $r MQ$$$k$3$H $K Cm0U $7 !" $=$NM}M3$r@bL@$;$h !# � 1?F0J} Dx <0 (3.11) $N 1&JU $OMWAG 1 8D$" $?$j $NNO $J$N $G !" !V LL@Q $"$?$j !W $^ $? $O !V BN@Q $" $?$j !W $KD>$9 !# $^$:!" N.BNMWAG$N$"$$ $@$K F/ $/NO ( 1~NO ) $r !" LL@Q$"$?$j $G I=<($9$k I,MW $, $" $k !#:# $N>l9g !" 1~NO $H $7 $F$O 05NO $@$1$r 9M$( $l $P $h$$ !#$= $3$G !" 05NO p = p ( x ) $r F i � 1 ! i =S = p ( x i ) $K $h $C$FDj5A$9$k !# $5$i$K !" 30It $+$iF/ $/NO $r !" BN@Q $"$?$j$NNO f $r MQ$$ $F =q$-D> $7 !" <! $N<0 $r F@$k : [ <0 (3.12) $N 1&JU ] = S � p ( x ) � p ( x + � ) + � f � N.BN MWAG $N4V3V $OHs>o $K >. $5 $$$N $G !" � $r Hy>. $H8+ $J$9 $H !" <0 (3.12) $O (1 <!85 ) Euler J}Dx<0 $K$J$k : � D u D t = � @ p @ x + f (3.13) 14 $3$N7k2L$r !" $"$H$G x 7.8 $G MxMQ$9$k !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 11 (2) $3$s $I $O !" 6u4V $K 8GDj$5 $l$? NN 0h V = f x j x 1 < x < x 2 g $K CeL\ $7 !" B.EY>l u = u ( x; t ) $r MQ$$$F 1?F0NL �u $K 4X$9$k%P%i %s %9 $N<0$r=q$-2<$9 ( Euler IAA| ) !# � ;~9o t $K $*$$$F NN0h V $K 4^$^ $l $k1?F0NL$r �( V ; t ) $H $9$k : �( V ; t ) = Z V � ( x; t ) u ( x; t ) dV = Z x 2 x 1 �u S dx � 1?F0NL �( V ; t ) $O !" NO $K$h $C $F ;~4VJQ2=$9$k ( "* x 1.5 $r 8+$h ) !# � $5$i$K !" 6-3&LL $r$H $* $7 $F N. BN $, =P F~$j$9 $k$3$H$K $h$k 1?F0 NL$NA} 8:$r9M$($J$1$l $P $J$i $J $$ !#=P F~$j$9$kN.BN$NBN@Q $, S u � t $G$" $k$3$H$r9M$($k$H !" 1?F0NL $K 4X$9$k%P%i %s %9 $N<0 $, �( V ; t + � t ) = �( V ; t ) + � � � � x 1 � � � � x 2 � S � t + [ 30NO9‘ ] $N $h $& $J7A$G=q $1 $k !# $3$NJ}Dx<0$rHyJ,7A$K=q$-D>$9 : @ @ t ( �u ) + @ @ x � �u 2 + p � = f (3.14) (3) 1?F0NL$N%P%i %s %9 $N<0 (3.14) $r $&$^$/JQ7A$9$k $H 1 <!85 Euler J}Dx<0 (3.13) $H F1 $8 $K $J $k$3$H$r<($; !# $A $J$_ $K !" 3 <!85$N Euler J}Dx<0 $O <!$N$h $& $K$J $k : � D u D t = � grad p + f (3.15) $J$* !" 1?F0 NL $N%P%i %s %9$N<0 (3.14) $N 3 <!85HG $O !" u 2 $N ItJ, $, %F%s%=%k u u $K$J $k 15 $N$G !" >/!9 $d$C $+ $$ $G$"$k!# $=$N $?$a !" 1?F0NL $N %P%i %s %9 $N<0 $O !" B@ ;z5-9f $rMQ$$ $:$KE:;z5-K! $G=q$/$3 $H $, B?$$!# 6qBN E* $J 7A $K$D$$$F$O !" $? $H$( $P J88% [7, p.35] $N <0 (2.42) $r 8+$h !# 3.5 HsG4@-$N 2 <!85Hs05=LN. $l $;$C $+ $/1?F0J} Dx<0 (3.15) $, F@ $i $l$?$N$G !" 2? $+ ;n $7 $K 2r$r5a $a$F$_$k $3 $H $K $7 $h $& !# OC $r4JC12= $9$k $? $a $K !" <! $N$h $& $J2>Dj $r $*$3$J $& : � N. $l$O Dj>o ( @ t = 0) $G !" $+$D 2 <!85E* � N.BN$NL)EY $O 0lDj ( � = const : ) � 30NO $O B8:_ $7 $J $$ ( f = 0) $3$N $H$- !" N. $l $N ;YG[J}Dx<0 [ $9$J $o $AO"B3$N<0 (3.2) $*$h $S 1?F0J}Dx<0 (3.15)] $O <!$N$h $& $K =q$-D>$;$k : @ x u + @ y v = 0 (3.16) � ( u@ x + v @ y ) " u v # = � " @ x @ y # p (3.17) 15 %Y%/ %H%k $N @Q $K$O !" Fb@Q ( %9%+%i!<@Q ) !&30@Q ( %Y%/ %H%k @Q ) $N$[$+$K !" D>@Q ( %F %s%=%k @Q ) $H$$ $&$b$N $, $"$j!" 8=Be?t3X $G $O $H $$ $&5-9f $G$"$i$o$9!# $?$@ $7 !" $O $7$P$7$P >JN,$5 $l $k : $D$^$j !" ab $H =q$$$? $i a b $N$3$H$G !" a � b $N$3$H$G$O$J $$ !# $3 $l$, !" Fb@Q $N>l9g $K %I %C %H $N >JN, $, 5v$5 $l$J$$ M}M3$G$"$k !#

N.BN $N?t3X (2002-10-09): N.BN$NJ}Dx<0$rF3$/ 12 (1) J}Dx<0 (3.16) $N 0lHL2r $O u = + @ y ; v = � @ x (3.18) $GM?$($i $l $k 16 !#<0 (3.18) $r J}Dx<0 (3.16) $K BeF~ $7 !" $? $7 $+$K 2r $G$" $k$3$H$r3NG’$;$h !# (2) <0 (3.18) $r 1?F0J}Dx<0 (3.17) $K BeF~ $7 $F @0M}$9$k$H � � � � � @ x r 2 @ x @ y r 2 @ y � � � � � = 0 $N$h $& $K$J$k$3$H$r<($; !#$5 $i$K !" $3$NJ}Dx<0$N2r$O r 2 = c 0 + c 1 + c 2 2 + � � � (3.19) $K$h$C$FF@$i $l $k$3$H$r<($; ( BeF~ $7 $F 3NG’ $;$h ) !# FC $K4JC1 $J>l9g $H $7 $F !" <0 (3.19) $N1&JU $N f c j g $, $9 $Y $F %<%m $G$"$k>l 9g $r9M $($k $H !" 7k6I!" 2r $/ $Y$-J} Dx <0 $O r 2 = 0 (3.20) $9$J $o $A Laplace J}Dx<0 $K 5"Ce$9$k !# 3.6 1_Cl$r2a $. $kHsG4@-$NN. $l Hs G4@- $N12 $J $7 N. $l$O !" Laplace J}Dx<0 (3.17) $r MQ$$ $F2r@O$9$k $3$H $,$G $-$k 17 !# ;n $7 $K !" B.EY U $N0lMMN. $N$J $+$K CV $+ $l $? H>7B D = 2 $N 1_Cl$N$^$o$j$NN. $l$r 5a$a$F$_$h $& !# (1) $b $7 1_Cl $,$J$1$l $P u = ( u; v ) = ( U; 0) $9$J$o $A = U y $G $"$k [ <0 (3.18) $K BeF~ $7 3NG’ $;$h ] !# 1_Cl $N1F6A$r9MN8$9$k$?$a !" Dj?t U $r F = F ( r ) $G CV$-49 $($F = F y � $?$@ $7 F = F ( r ) ; r = p x 2 + y 2 � (3.21) $HCV$/ !# <0 (3.21) $r Laplace J}Dx<0 (3.20) $K BeF~ $7 $F @0M}$9$k $H !" F $K 4X$9$k 2 3, $N>oHyJ,J} Dx<0 $H$J$k $3$H$r<( $7 18 !" $= $N0lHL2r$r5a$a$h !# (2) A0 Ld (1) $N 7k2L$K$*$$$F !" 6-3&>r7o ( 1_ClI= LL$*$h $S L58B 1s$G$N u $N >r7o ) $r 9M N8 $7 $F Dj?t$r Dj$a !" u $r ( x; y ) $G $"$i$o$; 19 !# (3) 5a$a$? B.EY >l u $r ?^ <($;$h ( GNUPLOT $J $I $r MQ$$$F @53N$J ?^$r:n @.$9$k ) !# $J$* !" r < D = 2 $N NN0h ( 1_Cl $NFbIt ) $O ?^ $+$i =| $/ $3$H !# Cm0U : $3$3$G 5a$a$? 2r $O !" G4@-$N1F6A $, L5;k$G$- $k$H$$ $&A0Ds $K 4p$E$$$F $$ $k $, !" $3$N 2r$O 8=<B$N <B83 [9] $H$[$H $s $I A4$/9g$o$J$$ !# $3 $l$O !" N.BN $NG4@- $, Bg$-$$$?$a $G$O$J$$ ( $?$$$F$$$N>l9g !" G4@- $=$N$b$N$NCM $O $‘ $7 $m _ >. _ $5 _ $$ ) !#G4@-$N1F6A$O $‘ $7 $m4V@\ E* $G$" $C$F !" D>@\ $K$O !" 6-3&AX $, Gm N% $7 $F Hs 2sE>$N2> Dj (3.20) $, GK $l$k$3$H $, K\<AE* $G$"$k!# 5U $K8@ $( $P !" 6- 3&AX $, GmN% $7 $J $$$h$& $JJ*BN $G $O !" G4@- $N $J$$Hs2sE>N. $H $7 $F$N 07$$ $O NI$$6a;w $H$J$j $&$k!# 16 <0 (3.18) $O u = rot( e z ) $H$b =q $1 $k !#$D$^$j!" e z $O u $N %Y%/ %H %k%]%F%s%7%c%k $G$" $k !# 17 $b$A $m $s !" $3 $l$O Euler J}Dx<0 (3.17) $N0lHL2r $H$$$& $o $1 $G $O$J$/!" B> $K$b2r $, B8:_ $9$k!# $^ $? !" 2 <!85 $G Laplace J}Dx<0 (3.20) $r2r$/ $K$O J#AG4X?t O@ $rMxMQ $9$k $N $, 0lHLE* $G$"$k [8, x 4] !# $7$+ $7 !" $3 $3$G $O$" $($FJ#AG4X ?tO@ $r;H $o$J$$2rK! $r;n$_$k $3 $H $K$9$k!# 18 $b $7 >oHyJ, $K$J$i$J$$$J$i $P !" $=$b$=$b<0 (3.21) $N$h $& $K CV$$$?$N $, <:GT$H$$ $& $3$H $K$J $k !# 19 $3$NLdBj$N0U ?^ $O !" CJ3, $rDI$C$FO@M}E*$K<0$r F3=P$9$k$3$H$K$"$k !# $7 $?$, $C$F !" !V 1_Cl$r2a $. $kN. $l$O f = U ( z + 1 =z ) !W $J $I $H$$ $&8x<0 $r652J=q $+$i E72<$jE* $K 0z$CD%$C$F$/$k$N $O !" %k !< %k 0cH?$H$9$k !#

13 4 %l %] !< %H 2]Bj : !V G4@-$N$J $$ N. $l !W F eynmann J*M}3X 20 $N !V G4@-$N $J$$N. $l !W ( J88% [10] Bh 19 >O ) $r FI$_ !" B> $NJ88% ( J88% [11] $N Bh 7 >O $J $I ) $b ;29M $K $7 $F !" <! $N;v9‘ $K$D$$$F %l%] !< %H$r $^ $H$a$h !# $3$N %W %j %s%H $N Bh 3 >O $H$N 4XO" $r 9M $($J $,$i =q$/$3 $H !# � N.BN$N1?F0J}Dx<0 ( O"B3$N<0!& Euler $N 1?F0J}Dx<0 ) � Dj>oN. $K$*$1 $k Bernoulli $N DjM} ( F3=P!&J*M}E*0UL#!&4XO"$9$k<B83;v<B ) � 12EY $H =[4D ( 1_Cl$r2a $. $kN. $l !& Helmholtz $N 12DjM}!&12NX$NH/@8$H1?F0 ) $3$N %l%] !< %H$H 0l=o $K !" x 3.6 $N %l%] !< %H $b K: $l$:$K Ds=P$;$h !# Bh I I It N.BN $N 1?F0 $r 2r@O $9 $k 5 %Y %/ %H %k 2r@O$NI|=, 5.1 %Y%/ %H %k >l$NHyJ,$K4X $9 $k8x<0 (1) %Y %/ %H %k >l p , q $, p = ( x + 2 y ; xy ; 1) ; q = ( x 2 + 3 y 2 ; xy z ; 0) $N$h $& $KM?$($i $l$F $$$k !# $3$N$H$- !" p � rot q $*$h $S p � grad q $r 5a$a$h !# (2) %Y %/ %H%k >l a , b $K BP $7 $F rot( a � b ) $r 7W;;$;$h!# 7k 2L $O$J$k$Y$/@0M} $7 $? 7A $G <($9 $3 $H !# ( @0M}$9$k $H !" div $r 4^$‘7A $G $- $l $$$K $^ $H$a$i $l $k !# ) (3) (i) %9%+%i!<>l f $K BP $7 $F f grad f = 1 2 grad � f 2 � $, @.$jN)$D$3$H$r<($; !# (ii) $3 $N 7k2L $r !" %Y%/ %H%k >l f $K BP $7 $F 3HD%$;$h !# %R%s %H : f � grad f $H 1 2 grad � f 2 � $O 0lHL $K$OEy $7 $/ $J$$ $, !" N> <T $N:9 $r7W;; $7 $F$_$k$H !" rot f $r MQ$$ $F $-$l $$$J7A$K$^$H$a$i $l $k$3$H $, J,$+$k !# 5.2 12$NN. $l E57?E* $J 12N. $l$O !" $*$*$h$= <!$N$h $& $J B.EYJ,I[ $r <($9 ( ?^ 3 $r ;2>H ): u = ( u; v ; w ) = 8 > < > : ( � by ; bx; 0) ( p x 2 + y 2 � a ) � � ba 2 y x 2 + y 2 ; + ba 2 x x 2 + y 2 ; 0 � ( p x 2 + y 2 > a ) (5.1) $3$3 $G a; b $O Dj?t $G$" $k !#<0 (5.1) $G $"$i$o$5 $l $k12$N $3$H$r Rankine 12 $H$$ $& [11, p.18] !# (1) (i) Rankine 12 (5.1) $K $*$$$F !" 12EY ! $r 7W;;$;$h !# (ii) 12EY>l ! $r ?^<( $;$h 21 !# 20 C/ $+$, >!<j $K ;}$A5n$C$F$$$J$$8B$j!" 4 3,$N1i=,<<$K$"$k$O$:$G$"$k !# 21 K\Ev $O 3 <!85$G9M$($k$Y$-$J$N $@$1$l $I $b !" :# $N>l9g !" 2 <!85$N%9%+%i!<>l$N$h $& $K ?^<( $7 $F$+ $^$o$J$$ !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 14 ?^ 3: Rankine 12 $K$h $kB.EY>l (5.1) $N MM;R (2) 2sE>N. $l$r FCD’ $E$1 $kNL$H $7 $F =[4D $H$$ $&NL $,$" $j!" $3 $l$O JD6J@~ $K$= $C$F �[ C ] = Z C u � d r $r7W;;$9$k$3$H$K$h$j5a$a$i $l $k !#6qBNNc $H $7 $F !" <! $NJD6J@~$K4X$9$k=[4D � $r 5a$a$h !# (a) ( x; y )- J?LL>e$N !" 86E@ $rCf?4$H$9$kH>7B c $N 1_<~ ( Cm0U : >l9gJ, $1 $, I,MW !) (b) (0 ; 0 ; 0) ! ( a; 0 ; 0) ! (0 ; a; 0) ! (0 ; 0 ; 0) $N$h $& $J;03Q7A (c) (0 ; 0 ; 0) ! ( a; 0 ; 0) ! ( a; a; 0) ! (0 ; a; 0) ! (0 ; 0 ; 0) $N$h $& $J;M3Q7A (3) %Y %/ %H%k 2r@O $K$* $1$k Stokes $N DjM} $rMQ $$ $F 12EY $+$i=[4D $r5a $a$k $3 $H $,$G$-$k!# $3 $NJ}K! $rMQ$$ $F A0 Ld $N 3 $D$N>l9g $K $* $1 $k=[4D$r7W;; $7 !" 7k2L $, 0lCW$9$k$3$H$r3NG’$;$h !# Cm0U : <0 (5.1) $N$h $&$J 12 ( Rankine 12 ) $K $*$$$F !" j r j $, Bg$- $$$H$3 $m$G$O ! = 0 $H$J $k !#$=$N0U L#$G !" 1s J} $G$NN. $l$O !V Hs2sE>N. $l !W $G$"$k !# 12EY $,%<%m$J$N$G !V 12 $J $7 !W $H$b8@$& !# $7$+ $7 !" 3N $+ $K 12EY $O%<%m $@$1 $l $I $b !" B.EY>l $r 8+$k $H 124,$->u$J$N $@$+$i !" !V 12$J $7 !W $H 8@$o $l$F$b G<F@ $7 $K $/$$ $+$b $7 $l $J$$ !# $3 $l$O !" MW $9$k $K !V 12EY !W $H$$$&L>A0 $, 8m2r$N$b $H$J$N $G$"$k!# 12EY $H$$ $& $N $O !" N. BNMWAG $N _ <+ _ E> $r<($9NL $G $"$C $F !" 124, $->u $NN. $l ( $$$o $P _ 8x _ E>1?F0 ) $r <($9$b$N $G$O$J$$ !#6I =jE* $J12EY$NM-L5$H A4BN$H $7 $F 124,$- E* $J N. $l$, $"$k$+ $I $& $+$O !"JL $NLdBj $G$"$k ( $b$A$m $s 4X78 $O$"$k$1 $l $I $b ) !# 6 JQ?tJ,N%K! JPHyJ,J}Dx<0 $r 2r$/$?$a$N>oEe<jCJ $G$"$k JQ?tJ,N%K! $K$D$$$F I|=, $7 $F $* $/ !# (1) 1 <!85$N2;GH $r5-=R$9$kJ}Dx<0 (7.18) $N 2r $r !" JQ?tJ,N%K! $K$h$j5a$a$h!# $J$* !" 6-3&>r7o $O<+J, $G E,Ev $K @_Dj$9$k $3$H ( L58BNN0h$G$bM-8BNN0h$G$b $I $A$i$G$b$$$$$+$i !" <+J, $N9%$- $J$[ $& $r :NMQ $;$h ) !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 15 (2) 1 <! 85$N G.EA F3J}Dx <0 (7.28) $K $*$$$F !" T = T 0 + � ( $3$3$G T 0 = const : ) $H CV$- !" 6-3&>r 7o$r � j x =0 = � j x = ‘ = 0 $H $9 $k !#JQ?tJ,N%K! $r MQ$$$F0lHL2r $r 5a$a$h !# (3) A0Ld (2) $G !" =i4|>r7o $r � j t =0 = F ( x ) = 0 : 8 sin � x ‘ + 0 : 4 sin 2 � x ‘ � 0 : 2 sin 3 � x ‘ $H $7 $? >l9g$N2r$r5a$a !" ;~4V $N7P2a$H$H$b$KGH7A $, JQ2= $7 $F $$ $/MM;R $r?^<($;$h ( GNUPLOT $r MQ$$$k ) !# 7 N.BNNO3X$NJ}Dx<0 $r 2r$/ $3$N >O $G$O !" 3F %0 %k !< %W $4 $H$K !" 3 $D$N 2]Bj $K$D$$$F H/I= $7 $F $b$i $& !# � LdBj 7.1( 12EYJ}Dx<0 ) $*$h $S LdBj 7.12( 1_Cl $r 2a $. $kN. $l ) $r !" I,=$2]Bj $H$9 $k !# � $= $l 0J30 $N Ld Bj $+ $i !" $I$l$+ 1 $D $rA* Br $9 $k!# $? $@ $7 !" B> $N %0%k!< %W$, 4{ $KH/ I= $7 $?LdBj $OA*Br $G$- $J$$!# C/ $, $I $N LdBj $N $I $NItJ, $K$D$$$FH/I=$9$k $+ !" $" $i $+ $8 $aJ,C4 $r7h$a$F?=9p $7 $F $*$/$3 $H !# $^ $? !" ?^<( $, I,MW $JLdBj $K$D$$$F$O !" ;vA0 $K GNUPLOT $J $I $G @53N$J?^ $r :n@. $7 $F $*$- !" %3 %T !< $7 $F G[I[$9$k$h $& $K$9 $k !# H/I= $K$O ;~4V@)8B $r @_ $1$k !#I,=$2]Bj $O3F 45 J,0JFb !" A*Br2]Bj $O 60 J,0JFb $K @bL@$r40N;$5$;$k$3 $H ( $? $@ $7 !" 10 7nCf $K8B$j!" $= $l $>$l 15 J,$N1dD9 $rG’ $a$k ) !# @)8B ;~4V0J Fb $K H/I= $, 40N; $7 $J $$<T $K$D$$ $F $O !" >l9g $K 1~ $8 $F Jd9V$^$? $O %l%] !< %H Ds=P $r ;X<($9$k !# A*Br 2]Bj $K $D$$$F $O !" H/I= $, =* $o$C$?$"$H !" ;XDj $5 $l$? 4|F|$^ $G$K %l %] !< %H $r :n@. $7 $F Ds=P$9$k $3$H !# ( 4p K\E* $K !" Bh 8 >O$N %l%] !< %H$H 0l=o $K Ds=P $7 $F$b$i $&M=Dj $G$" $k !# ) 7.1 12EYJ}Dx<0 N.BN $N1?F0J}Dx<0 (Euler J}Dx<0$"$k$$$O Na vier-Stok es J}Dx<0 ) $r JQ7A $7 !" 12EYJ}Dx<0 $rF3$/!# 4JC12= $N$? $a !" N.BN $NL)EY � $O 0lDj$G$"$k$H$9$k !# (1) N.BN$NG4@-$rL5;k $7 !" N. $l$O Euler J}Dx<0 div u = 0 (7.1) � � @ u @ t + u � r u � = � grad p + f (7.2) $K=> $&$b $N$H$9$k !#30NO $O=ENO $@$1$@$H $9 $l $P f = (0 ; 0 ; � �g ) $G $" $k !# 2<5- $NJ}?K$K=>$$ !" Euler J}Dx<0$r<0JQ7A $7 $F 12EYJ}Dx<0 $rF3 $1!# � 12EY ! = rot u $r MQ$$$F !" Euler J}Dx<0 (7.2) $N :8JU$r<!$N$h $& $K=q$-D>$9 : [7.2 $N :8JU ] = � � @ u @ t + grad � u 2 2 � + ! � u � (7.3) � <0 (7.3) $r Euler J}Dx<0 (7.2) $K BeF~ $7 $F @0M} $7 !" 05NO p $r >C5n$9$k$3 $H$K$h$j !" 12EYJ}Dx<0 @ ! @ t + u � r ! = ! � r u (7.4) $r F3=P$9$k !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 16 (2) G4@-$r9MN8$9$k>l9g !" Euler J}Dx<0 (7.2) $N Be$o$j $K !" Na vier-Stok es J}Dx<0 div u = 0 (7.5) � � @ u @ t + u � r u � = � grad p + f + � 4 u (7.6) $rMQ$$$kI,MW $,$" $k ( x 7.7 $r 8+$h ) !# Na vier-Stok es J}Dx<0 $+$i 05NO p $r >C5n $7 !" 12EY3H;6J}Dx<0 @ ! @ t + u � r ! = ! � r u + � 4 ! (7.7) $rF3=P$;$h !# (3) 12EYJ}Dx <0 (7.4) $" $k$$ $O12EY3H;6 J}Dx <0 (7.7) $N 0lHL2r $r5a $a$k $N $O:$Fq $G$"$k $, !" $= $l$G$b$$$/ $D $+$N 2r $, MF0W$K5a$a$i $l $k !#FC $K u = grad � (7.8) $N$h $& $J N. $l$G$O ! = 0 ( Hs2sE>N. $l ) $G $"$j !" $7 $? $, $C$F<0 (7.8) $O 12EYJ}Dx<0 (7.4) $N 2r$N $R$H $D$G$" $k $3$H$r<($; ( $b$A$m $s 0lHL2r$G$O$J$$ ) !# $J$* !" � $r B.EY %]%F %s%7%c%k $H >N$9$k !# 7.2 ?e$NGH Hs2sE>N. $l ( ! = 0) $O B.EY%]%F %s%7 %c%k � $r MQ$$$F<0 (7.8) $N$h $& $K I=$9$3$H $,$G $- $k !# ?e$NGH ( ?eLL=ENO GH ) $K H<$C $F@8 $8 $kN. $l$O Hs2sE>N. $l$H 8+$J$;$k $+$i 22 !" B.EY %]%F %s%7%c %k$rMQ$$ $F4JC1 $J9M;! $r $7 $F$_$h $& !# (1) Hs05=L$H$$ $&>r7o $+$i !" � $N K~$?$9$Y$-HyJ,J}Dx<0$r5a$a$h !# (2) ?eDl$r z = � h 0 , ?e LL $r z = 0 IU6a$H$9 $k !# N. $l$O ( x; z ) LLFb $K 8B$i $l $k$b$N$H 2>Dj $7 !" B.EY%Y%/ %H %k $r u = ( u; 0 ; w ) $H $9$k !# $3$3$G � = F ( x ) G ( z ) $H CV$- !" 2r$/ $Y$-<0$r 2 $D$N>oHyJ,J}Dx<0 $K J,N%$;$h !# (3) (i) J,N%Dj?t$rD4@0 $7 $F !" GHD9 $, � $K$J $k$h $& $K$;$h !# (ii) ?eDl $G$N 6-3&>r7o $r M? $( !" 2r � $r 5a$a$h 23 !# (4) B.EY>l $r 5a$a $F?^<( $7 !" $= $NFCD’ $r O@ $8 $h !#FC $K !" � � h 0 ( @u?eGH ) $*$h $S � � h 0 ( ?<?eGH ) $H$$ $&N>6K C< $N>l9g$K$D$$$F !" ?eLL $G$NB.EY$H?eDl$G$NB.EY$N0c$$$r9M;!$;$h [7, x 7-3] !# � ?eLL$N?e $@$1 $, F0$- !" ?eDl $N?e $O @E;_ $7 $F $$$k$N$O $I $A $i$N >l9g $+ ? � ?eLL$N?e$NF0$- $K O"F0 $7 $F ?eDl$N?e$b0l=o $K :, $3$= $. F0$/$N $O !" $I $A $i$N >l9g $+ ? 7.3 @u?eGH GHD9 � $K Hf$Y$F ?e?< h 0 $, Hf3SE*@u$$ >l9g$r9M$($h $& !# $3$N$h $& $J >l9g$N?e$N GH $r @u?eGH $H >N$9$k !#@u?e GH $G$O !" ?eLL $+$i ?eDl$^ $G ?e $,$"$?$+$b0lBN $H$J$C $FF0$/ $+$N$h $& $K 9M $($FNI$$ !# $7 $? $, $C $F !" <! $N$h$& $J6a ;w $, @.$jN)$D$N $G !" 2r@O $, 4JC1 $K$J $k : � B.EY u $O z $K$O$h$i$:!" x $H t $@$1 $N4X?t $@$H8+ $J $7 $F$h$$ ( $b$&>/ $7 @53N $K8@ $& $H !" j @ z u j � j @ x u j $J $N $G @ z u = 0 $H 6a;w $G$-$k ) !# � ?bD>J}8~$NB.EY w $O >.$5$$ ( u $K Hf$Y $F L5;k $G$-$k ) !# 22 G4@- $N1F6A$O !" DL>o !" ?eDl $N6-3& $K @\$9$kGv$$AX>uNN0h ( 6-3&AX ) $K $N$_ 8=$o $l !" $= $l 0J30$NItJ,$G $O $[$\ 40A4 $K L5;k $G$- $k !# 23 $5$i$K2r$N ;~4VH/E8$r9M ;!$9$k$K$OI=LL$G$N 6-3&>r7o $, I,MW $@$, !" 0lHLE*$J>l9g$r9M;!$9 $k$N $O >/ $7 Fq $7 $$$N$G >JN, $7 !"@u?eGH $N>l9g $K 8B$C$F x 7.3 0J9_ $G 9M;!$9$k !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 17 $^ $? !" 1?F0 %(%M %k %. !< $, =ENO$N0LCV%(%M %k %. !<$r D6 $($F $7 $^ $& $[ $I Bg$-$JGH $O 9M $($K $/$$$N $G !" � 2 j u j 2 < �g h $, @.$jN)$D$b$N $H$9 $k 24 !# $3$N$H$- !" GH $NEA $o$j$+$?$K$D$$$F $b $&>/ $7 $/ $o $7 $/D4$Y $F$_$h $& !# (1) ?e $,$" $k$N$O !" z J}8~$K4X $7 $F 8@ $( $P ?eDl ( z = � h 0 = const : ) $+$i ?eLL ( z = � ) $^ $G$G$" $k !#$^ $? !" 7W;; $NJX59>e !" y = � b= 2 $K B&JI $,$" $k$H $7 $h $& !# (i) NN0h x 1 < x < x 2 $K $" $k?e$NNL $r M $H $9$k$H M = �b Z x 2 x 1 ( h 0 + � ) dx ’ �bh � x ( $?$@ $7 h 0 + � = h; x 2 � x 1 = � x ) (7.9) $G$"$k$3$H$r<($; !# (ii) ?eNL M $N ;~4VJQ2= $r 9M $( $k $3$H$K$h $C$F !" \ <ANLJ]B8 " $r $"$i$o$9 <0 25 $r F3 $1 : @ h @ t + @ ( hu ) @ x = 0 : (7.10) (2) (i) Euler J}Dx<0 (7.2) $N z @.J,$r=q$-=P $7 !" @u ?eGH6a;w$* $h $S B>$NA0Ds>r7o $r9MN8 $7 $F J}Dx<0$r4JC12=$9 $k!# $3 $l$K $h$j!" 05NO p $, p = p 0 + �g ( � � z ) = p 0 + �g ( h � h 0 � z ) (7.11) $GM? $( $i $l $k $3 $H $r<( $;!# (ii) Euler J}Dx <0 $N x @.J, $rH4 $- $@ $7 !" $3 $l$K@u?e GH 6a ;w $* $h $S <0 (7.10), (7.11) $rAH$_9g$o$F !" 1?F0NLJ]B8 $N<0$r h $H u $G =q$-$" $i$o$; : @ @ t ( hu ) + @ @ x = 0 (7.12) (3) J}Dx<0 (7.10) $H (7.12) $r O"N) $5$; $?$b$N 26 $, !" @u ?eGH $N;~4V H/E8 $r5-=R$9$kJ} Dx<0 $G$"$k!# $3$NO"N)J} Dx <0 $N2r$r5a$a $l $P !" @u?eGH $N5sF0 $, J,$+$k !# 4JC1 $JNcBj$H $7 $F !" h = h 0 + � ; u = �v ; j � j � 1 (7.13) $N$h $& $JHy>.?6I}GH$K$D$$$F9M$($h $& !# $3$3$G h 0 $O Dj?t $G$" $k !# � <0 (7.13) $r @u?eGH$NJ}Dx<0 $K BeF~ $7 !" � $, Hy>. $G$" $k $3$H$r MQ$$ $F !" J}Dx<0 $r @~7A2=$;$h !# � 2r$N7A $r � = � ( � ) ; v = v ( � ) ; � = x � ct $H $*$$$FBeF~ $7 !" 2r$/ $Y$-J}Dx<0$r 9TNs$N 8GM-CMLdBj $K 5"Ce$5 $;$h !# � =i4|>r 7o $rE,Ev $K 2>Dj $7 $F ( $? $H$( $P � j t =0 = cos k x ) !" 2r $r6qBNE* $K 5a $a !" ;~6u 4V $K$* $1 $k2r $N5sF0 $r ?^<($;$h !# ( $?$H$( $P !" 2#<4 $K x , =D<4 $K t $r$H $j!" � = � ( x; t ) $N EyCM@~?^$r<($; $P $h$$ !# ) $^$? !" Dj?t c $N 0UL# $r @bL@$;$h !# 24 FC $K !" ?6I} $N>.$5$$GH$G$O � j u j 2 = 2 � �g h $, @.$jN)$D!# 25 <0 (7.10) $O 1 <!85$G$N05=L@-N.BN $K BP$9$kO"B3$N<0 (3.7) $K ;w$F$$$k$3$H $K Cm0U $7 $h $& !# 26 $I $A$i$N<0$bJ]B8B’ ( "* x 1.4) $G$" $k$3$H $K Cm0U $7 $h $& !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 18 7.4 D7?e$N7A@.2aDx @u ?eGH $NJ}Dx<0 $r x 7.3 $G 9M $($?!# $3$NJ}Dx<0 $rMQ$$ $F !" D7?e $N7A@.2a Dx $r5a $a $F$_$h$& !# D7?e $H $O !" DE GH $d %\ %"$J $I !" 3,CJ>u $N?eLL $r$b$D GH$N$3 $H$r 8@ $& !# 5$BNNO3X $G$$$( $P >W7bGH $K AjEv$9$k !# (1) $^$:!" x 7.3 $K =>$$ !" @u?eGH $NJ}Dx<0 (7.10)(7.12) $r F3=P$;$h !# $3 $l$i$N J}Dx<0$r !" 9TNs A $r MQ$$$F @ @ t " h Q # + A @ @ x " h Q # = " 0 0 # (7.14) $N7A$K=q$-D>$; !# (2) 9TNs A $K BP $7 !" p A = a p $r K~$?$92#%Y%/ %H%k p $*$h $S %9%+ %i!< a $r 5a$a$h !# $=$N7k2L$r p = p � = h � � � � i $H $7 !" $5 $i$K !" @ r + @ t = � + @ h @ t + � + @ Q @ t ; @ r � @ t = � � @ h @ t + � � @ Q @ t (7.15) $rK~$?$9 r � $r 5a$a$h !# (3) <0 (7.14) $H <0 (7.15) $r AH$_9g$o$;$F !" <! $N<0$rF3 $1 : � @ @ t + ( u + c ) @ @ x � r + = � @ @ t + ( u � c ) @ @ x � r � = 0; u = u ( r + ; r � ) ; c = c ( r + ; r � ) : (7.16) (4) =i4|>r7o$r h j t =0 = H ( x ) = h 0 � A tanh x � ; r � j t =0 = 0 $H$9$k ( $? $@ $7 A > 0) !#2<5- $NJ}?K $K =>$$ !" ?eLL h = h ( x; t ) $N ;~4VJQ2=$NMM;R $r ?^<($;$h !# � =i4| $K r � = 0 $G $"$k8B$j!" $$$D$^ $G$b r � = 0 $G$" $k !# $3$N $3$H $r MQ$$ $F !" <0 (7.16) $+$i h; x; t 0J 30$NJQ?t$r>C5n$9$k !# � !V x $r M? $($F h $r 7h $a$k !W $H$$ $&H/A[ $r 5UE> $7 !" x = x ( h; t ) $N 7A $G 2r $r 5a $a$k !#A0Ld $N7k2L $+$i � @ x @ t � h = @ @ t x ( h; t ) = [ t $r 4^$^ $J$$ <0 ] (7.17) $H $$ $&J}Dx<0 $, F@$i $l $k$N$G !" $"$H$ON>JU$r t $G @QJ,$9 $l $P 2r x = x ( h; t ) $, F@ $i $l $k !# � =i4|>r7o h ( x; 0) = H ( x ) $r MxMQ $7 $F @QJ,Dj?t$rDj$a$k !# � ;~9o $r t = 0 $+$i$O $8 $a$F >/ $7 $: $DJQ2=$5$;$J $,$i !" 3F;~9o $K $* $1 $k?eLL$NGH7A$r?^<($9$k !# Cm 0U : $3$3$G$N2r@O7k2L $G $O !" @ h=@ x $, L58BBg $K$J$C $?$jIi $K$J$C $?$j$9$k $, !" $3 $l$O M}O@ $,4JC1$9 $. $k$? $a $G$"$k!# <B:] $K$O !" $=$N$h$& $J $3$H $, @8 $8 $kA0 $K !" N. $l $, ItJ,E* $K MpN. $K$J$C$?$j!" @u?eGH M}O@ $G L5;k $7 $?2CB.EY9‘$N1F6A $, 8= $o $l$F GH $, J#?t$N;3$KJ,$+ $l$? $j$9$k 27 !# 27 $$$o$f$k J,;6@- $N$3$H$G$"$k !#5$BN $N>l9g$H0c$C$F !" ?e $NGH$G$O !" %Q%k%9>u$NDj>o?J9TGH $, B8:_ $7 !" %=%j %H %s $H 8F $P$l $F$$ $k !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 19 7.5 Dj>o?J9T $9 $kD7?e 3,CJ7? $NGH7A $r J]$C$?$^$^Dj>oE* $K ?J9T$9$kD7?e $r 9M $($k [12, x 100] !# (1) x 7.3 $K =>$$ !" @u?eGH $NJ}Dx <0 (7.10)(7.12) $r F3=P$;$h !# $3 $l$i $N J}Dx<0$O N>J}$H$b J]B8B’$r$"$i$o $7 $F $$$k $3$H$r@bL@$;$h !# (2) GH7A$rJ]$C$?$^$^B.EY c $G ?J9T$9$kD7?e$r9M$($k !#>u67 $O <!$N$h $& $K$J $C$F$$$k$H$9$k : � D7?e $, !" 1&B& $N@E;_ $7 $? ?e0h ( u = 0 ; h = h 1 ) $K 8~ $+ $C$FB.EY c $G ?J $s$G $$$k !# � D7?e$N:8B&$N?e0h $G$O u = u 2 6 = 0, h = h 2 > h 1 $G $" $k !# 1&B&$*$h $S :8B&$G$N ?eLL$N 9b$5 ( h 1 , h 2 ) $O 4{ CN $G$" $k$H $7 $F !" <! $NJ}?K$K =>$$ !" u 2 = u 2 ( h 1 ; h 2 ) $*$h $S c = c ( h 1 ; h 2 ) $r 5a$a$h !# � D7?e $H$H$b $K 0lDjB. EY c $G ?J$‘4QB, <T $rA[Dj$9$k!# $3 $N4QB,<T $+ $i 8+ $?1?F0J} Dx<0 $O !" @E;_ 7O $G$N1? F0J}Dx<0$HA4 $/F1 $8 $G$" $k $, !" B.EY $d0LCV$J $I $O E,Ev$KJQ49 $7 $J$1$l $P $J$i$J $$ ( Galilei JQ49 ) !# � $b $7 $bD7?e $, Dj>o?J 9T $7 $F$$$k $J $i $P !" 4Q B,<T $K$H$C $F !" N. $l$O A4$/Dj >o $K8+ $($k $O $:$G$"$k!# $3$N >r7o $, K~$?$5 $l $k$h $& $K !" h 1 , h 2 , u 2 , c $N$"$$$@$K @.$jN)$D$Y$-4X78<0 $r 5a $a$k !# � 5a$a$?4X78<0 $r c $*$h $S u 2 $K $D$$$F 2r$/!# (3) >e5-$N7k2L $K $*$$$F !" ( h 2 � h 1 ) =h 1 ! +0 $N6K8B$N>l9g$r9M$($h !# $3$N$H$-$N c $N 6K8BCM $r c 1 $H $9$k !# (4) 2# <4 $K h 2 =h 1 , =D <4 $K c=c 1 $*$h $S u 2 =c 1 $r <h$j !" D7?e $NB. EY$*$h $S N. $l $N B. EY $, ?eLL$N CJ:9 $K $I $N$h $& $K0MB8$9$k$+$r<($; !# 7.6 2;GH$NJ}Dx<0 05 =L@-N. BN $G $O !" 05NOJQ F0 $, M-8B $NEAGEB.EY $GN.BNCf $rEA$o$k8=>] $, 8+ $i $l $k !# FC $K !" Hy>. $J05NOJQF0 $, EA $o $k8=>] $r 2;GH $H$$ $& !# (1) <!$NJ}?K $K $h$j!" 2;GH $, GHF0J}Dx<0 @ 2 t p � a 2 @ 2 x p = 0 (7.18) $K=> $& $3$H$r<($; !# $? $@ $7 !" 4JC12= $N$?$a !" 1 <!85$G9M$($k !# � 5$BN$N1?F0 $O !" O"B3 $N<0 !" Euler J}Dx<0 !" $*$h $S p = p ( � ) (7.19) $K => $&$b $N$H$9$k !# � Hy>. $J 05NOJQF0 $H !" $= $l$K H< $&Hy>. $J L)EYJQF0!&B.EYJQF0 $r 9M $( !" p = p 0 + �p 1 ; � = � 0 + � 1 + � 2 � 2 + � � � ; u = �u 1 + � 2 u 2 + � � � $H $9$k !# $3 $l$r 3FJ}Dx<0$KBeF~ $7 $F � $N$Y$-$G E83+ $7 !" � $O >.$5$$ $H $7 $F O ( � 2 ) $N 9‘ $r L5;k$9$k !# � 05NO0J30$NJQ?t $r >C5n $7 !" 1 K\$NJ}Dx<0 $K$^$H$a$k !# (2) E,Ev$J78?t A $r MQ$$ $F r � = u 1 � Ap 1 $H $*$- !" r � $, <!$N<0 $r K~ $?$9$h $& $K$;$h : ( @ t � a@ x ) r � = 0 (7.20)

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 20 (3) =i4|>r7o$r u 1 = 0 ; p 1 = exp � � x 2 � 2 � $H$9 $k ( � $O Dj?t ) !# (i) $^ $: r � $r5a $a !" ;~ 6u 4V $K$* $1$k5s F0 $r?^ <( $;$h ( 2#<4 $K ~ x = x=� , =D<4 $K ~ t = at=� $r$H$j!" r � = r � ( ~ x; ~ t ) $N EyCM@~?^ $r <($9 ) !# (ii) $3$N 7k2L $+$i p 1 $r 5a$a !" ;~6u4V $G$N5sF0$r?^<($;$h !# (4) 2;B. a $r 7W;; $9$k $K $O !" 4X 78<0 (7.19) $N6qBNE* $J7A $, I,MW $G$"$k!# I8 =‘>u BV $K$* $1$k6u5$ $rA[Dj $7 !" 0J2< $N 2 $D$N2>Dj $K $7 $?$, $C$F !" $= $l $>$l 2;B.$r7W;; $7 $F$_ $h !# $I $A$i $, <B:]$NB,DjCM $K 6a$$7k2L $, =P$k $+ ? � Ey29JQ2= : T = const : ( 29EY0lDj ) � CGG.JQ2= : S = const : ( %( %s%H %m %T !< 0lDj ) %R%s %H : M}A[5$BN $G$O !" <ANL $"$?$j$NFbIt%(%M %k %. !< U $*$h $S %(%s %H %m %T !< S $O !" U = Z c V dT = c V T (7.21) S = Z c V T dT + Z R V dV = S 0 + c V log T T 0 + R log V V 0 (7.22) $H =q $1$k [5, p.46] !# $3 $3$G !" V = 1 =� $O <ANL $"$?$j $NBN@Q $G$"$j!" c V $O Dj@QHfG. !" R $O <ANL $"$?$j$N5$ BNDj?t 28 $G !" HfG.Hf $r MQ$$$k$H R = ( � 1) c V $, @.$jN)$D !#6u5$ $G$O "b 1 : 4 $G $"$k !# <0 (7.21)(7.22) $N$J $+ $K$OM}A[5$ BN $N>u BVJ} Dx<0 $,1# $l$F$$$k $3$H $KCm0U $7 $h $& !# 0l HL $K !" $I $s$JJ*<A $G $b !" ( S; U; V ) $N4X78<0 $,J, $+ $l $P !" $= $3 $+ $i>uBVJ} Dx <0 $rF3$/ $3 $H $,$G$-$k!# M} A[ 5$ BN $N>l 9g!" <0 (7.21) $H <0 (7.22) $+$i T $r >C5n $7 !" U $K $D$$$F 2r$/ $H U = U 0 � V V 0 � 1 � exp � S � S 0 c V � $H$J $k !# $3$l$H G.NO3X$NK!B’ dU = T dS � p dV $+$i p = � � @ U @ V � S = � � � = �RT (7.23) $r F@$k !# <0 (7.23) $O !" $h$/CN $i $l$? M}A[5$BN$N>uBVJ}Dx<0 $G$" $k !# 7.7 B.EY8{G[ $H G4@-1~NO N. BN1?F0 $K $*$$ $FG4@- $, 40A4 $K L5;k $G$-$k $N $O Nc30E* $J>l9g $G$"$k !# $U $D$& $O G4@- $N1F6A $, L5;k $G$-$J$$$N $G !" G4@- $r9MN8 $7 $? N.BN$N1?F0J} Dx<0 $, I,MW $K$J$k !# $=$N$h$& $JJ}Dx<0 $rF3$/ $K$O !" x 3.4 $G 1~NO $r07$C $F$$$k ItJ, $r =$@5 $7 !" 05NO $K 2C$($F G4 @-1~NO $r 4^$a $l $P $h$$ !#$U$D $& $N N.BN 29 $G $O !" G4@-1~NO$O @ x u; @ y u; etc : ( B.EY 8{G[ ) $N @~7A7k 9g $K HfNc$9 $k !# $5 $i$K !" BP>N@- $N9M ;! [13, x 1-9] $" $k$$$O E}7W NO3XE*$JM} O@ [14, p.454] $+ $i G4 @-1~NO $N7A $, 7hDj$5 $l !" Na vier-Stok es J}Dx<0 $, F3 $+$l $k !# (1) $^$: $O 2 <!85 $G B.EY8{G[ $K$D$$$F9M;! $7 $h $& !# Nc $H $7 $F !" <0 (2) $G M? $($i $l $kB.EY>l u $r 9M $( $k ( ?^ 2 $r 8+$h ) !# $3$NB.EY>l$r !" E,Ev $JE@$N6aK5$G !" JB?J u 0 $H 2sE> u R $H ?-=LJQ7A u D $H$K J,2r$;$h !# � $^$: !" 0lE@ r 0 = ( x 0 ; y 0 ) $K CeL\ $7 !" r = r 0 + ( X ; Y ) $H $* $/ !# � ( X ; Y ) $O Hy>. $@$H $7 $F !" u $r T a ylor E83+$9$k !# $3$N E83+$N 1 <!$N9‘$N78?t $, B.EY8{G[ $G$"$k !# 28 %b %k$"$?$j$N5$BN Dj?t $r ~ R $H$9$k$H !" 9b9; $G=,$C $?$h$& $K !" n %b%k$N5$BN $N>uBVJ}Dx <0 $O !" pV = n ~ RT $H =q $1$k !# J, ;R $N%b %k$" $?$j$N<ANL$r M $H $9$k$H !" � = M n=V $@$+$i !" p = � ~ R T = M $, @.$jN)$D !# $3 $l$H <0 (7.23) $r Hf3S $7 !" R = ~ R= M $r F@$k !# 29 ?e $d6u5$$d?e0;$J $I !" DcJ,;R $h$j@.$kN.BN $, 3:Ev$9$k !#5U $K 8@$( $P !" 7l1U $dECJ48R$d%^%h%M!<%:$OBP>]30$G$"$k !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 21 = + + ?^ 4: N. $l$r JB?J $H 2sE> $H ?-=LJQ7A $K J, $1$k : u = u 0 + u R + u D � E83+ $7 $? 7k2L $r $& $^$/JQ7A $7 $F !" <! $N7A $K =q$-D>$9 : u = " u v # = u 0 + u R + u D ; u R = 1 2 " � ! Y + ! X # ; u D = " aX + bY bX + cY # = S " X Y # (7.24) $3$3$G ! , a , b , c $O $b $A$m $s Dj?t $G$"$j !" u 0 $O Dj?t%Y %/ %H %k !" S $O Dj?t9TNs $G$" $k !# J,2r $7 $? 7k2L$N0lNc$r?^ 4 $K <($9!# (2) JL$NNc$H $7 $F !" @E;_ $7 $? JI $H 1?F0$9$kJI$N$"$$ $@ $N69$$$9$-$^ $K$O $5$^ $l$? N.BN$N1?F0 ( Couette N. ) $r 9M $($h $& 30 !# @E ;_ $7 $F$$$kJI $N0LCV $r y = 0, F0$$ $F$$$kJI $N0LCV $r y = H $H $7 !" JI $NB.EY $r U = ( U; 0) $H$9$k !# $3$N$H$- !" JI $K$h$C$F6nF0$5 $l $kG4@-N.BN$NB.EY$O u = " u v # = " _ y 0 # ; _ = U H = const : (7.25) $GM?$($i $l $k !# $5$- $[ $I $N Nc$H F1 MM $K !" <0 (7.25) $G M?$($i $l $k N. $l$r JB?J u 0 $H 2s E> u R $H ?- =LJQ7A u D $H$K J,2r$;$h !# $5 $i$K !" ?^ 4 $H F1MM $K !" 7k2L $r?^<($;$h !# (3) ?-=LJQ7A$r$" $i$o $99TNs S $N 8GM-%Y%/ %H%k$r 5a$a$h !# $=$N7k2L $r MxMQ $7 $F !" <! $N<0 $r F3 $1 : u D = ~ X 1 s 1 p 1 + ~ X 2 s 2 p 2 ; " X Y # = ~ X 1 p 1 + ~ X 2 p 2 (7.26) $3$N7k2L$H u D $N ?^$r8+Hf$Y$k$3$H$K$h$j!" 9‘ ~ X 1 s 1 p 1 $*$h $S ~ X 2 s 2 p 2 $N J*M}E*0UL# $r 9M $($h !# 30 $?$H$( $P !" <4<u $1$N $^$o$j$N=a3jL}$NN. $l$d !" %O!< %I %G %#%9%/ $H%X%C %I $N$"$$$@$N 5$BN$NN. $l$r A[Dj$;$h !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 22 (4) 0J2< !" 3 <!85$G9M$($k !# <!$NJ}?K$K$h$j!" Na vier-Stok es J}Dx<0 (7.6) $r F3 $1 : � 1?F0NL$N %P%i %s %9$N<0 (3.14) $N 3 <!85HG $r !" G4@-1~NO � 0 ij $r 9MN8 $7 $F =q$-2<$9!# � Hs05=LN.BN$N>l9g !" G4@-1~NO $O � 0 ij = 2 � S ij � $?$@ $7 2 S ij = @ u i @ x j + @ u j @ x i � (7.27) $H $$ $&Hf3SE*4JC1 $J<0$GM?$($i $l $k 31 !# $3 $l$r 1?F0NL$N%P%i %s %9$N<0 $KBeF~$9$k !# � $5$i$K !" � $O Dj?t$G$"$k$b$N$H $7 !" Hs05=L>r7o (3.2) $r MQ$$$F<0$r4JC12=$9$k !# 7.8 G.EAF3 G4 @-N.BN $NJ}Dx<0 $G$"$k12EY3H;6 J}Dx<0 $O !" 8+J} $K$h$C $F $O !" G.EA F3J} Dx<0 (3.8) $K $h$/;w $F$$$k!# $= $3 $G !" G4@-N.BN $N LdBj $K$H $j $+$+$+ $kA0 $K !" 4JC1 $J G.EAF3$NLdBj$r2r$$$F$_$h $& !# OC $r$J$k$Y $/C1=c $K $9$k$?$a !" 1 <!85 $NLdBj $r 9M $( !" $^ $?N. $l$O B8:_ $7 $J$$$b$N$H 2>Dj $7 $F !" G.EAF3J}Dx<0 (3.8) $r @ t T = �@ 2 x T (7.28) $N$h $& $K C1=c2= $7 $F 9M $( $k !#LdBj@_Dj $O <!$N$h $& $K $7 $h $& : � D9$$E4$NK@ $, $" $C$F 0 < x < + 1 $N HO0O $r @j $a$F$$$k !# � ;~9o t = 0 $^$G$O !" $3$NK@$N29EY$O0lMM ( T = T 0 = const : ) $G$" $C$? !# � ;~9o t = 0 $K $*$$ $F !" K@ $NC< $r 29EY T w (= T 0 + T 1 ) $NJI $K@\?( $5 $; $? $? $a !" JI $+ $iG. $,EA $o$j $O $8 $a$?!# $3$NJI $K $O%R!<%?!< $+2? $+ $, ;E9~ $s$G$"$j!" JI $N29EY $O >o $K T w $K J]$? $l$F$$$k$N $G !" K@ $N0lC< ( x = 0) $N29EY $O >o $K T w $G $"$j!" $3$3 $+$i x <4$K$=$C$FG. $, EA$o$C$F$$ $/ $3$H$K$J$k !# $3$NE4K@ $K $* $1 $k29EYJ,I[ $, ;~4V $H$H$b$K JQ2=$9$kMM;R $r !" 1 <!85G.EAF3J}Dx<0 (7.28) $r MQ$$$F9M;! $7 $h $& !# (1) <!$NJ}K! $K $7 $?$, $C$F !" J}Dx<0 (7.28) $N =i4|CM!&6-3&CMLdBj$N2r$r5a$a$h !# � 2r $N7A$r T = T 0 + T 1 f ( s ), s = const : � � � x � t $H 2>Dj$9$k !# $3 $& $$ $& 2r $, K\Ev $KB8:_$9$k $J $i $P !" s $O $A$g $& $I L5<!85 $NJQ?t $K$J$k$O$:$G$"$k !# $3$N >r7o $r$_$?$9$h $& $K �; � ; $N CM$rDj$a$k 32 !# � O":?B’ $r MQ$$ $F @ =@ x $*$h $S @ =@ t $r d=ds $G$"$i$o $9!# � G.EAF3J}Dx<0$r s $r MQ$$$? 7A $K =q$-D>$9 ( $3 $l$G >oHyJ,J}Dx<0 $K$J$l $P @.8y $G$" $k ) !# $3 $l$K 9g$o$; $F 6-3&>r7o$b=q$-D>$9!# � $3 $N >oHyJ,J}Dx<0 $r 2r$$ $F f $r 5a$a$k ( Jd0d C $r ;2>H$;$h ) !# � :G=*E* $K !" 29EY>l T $r ;~4V t $H 6u4V:BI8 x $N 4X?t$H $7 $F 5a$a$k !# (2) <! $K !" 29EY>l $N6u4VJQ2=$*$h $S ;~4VJQ2=$NMM;R$r<($9$?$a !" 7k2L $r?^<($;$h !# � ;~9o t = t 0 ( > 0) $G$N 29EY>l$r?^ $K IA$/ ( GNUPLOT $J $I $r MQ$$$F@53N$J?^$r:n$k$3$H ) !# � F1MM $K !" t = t 1 = 4 t 0 $G $N 29EY>l $r ?^ $K IA$- !" ;~9o t = 0 $G $N 29EY>l$HHf3S$9$k !# (3) JI $+$i x = x H $^$G$NNN0h $O T > T w � T 1 = 2 $H$J$k$h $& $J9b29NN0h $G$"$k !# ;~4V $N7P2a $H$H$b $K9b29NN0h $, $7$@ $$$K9- $, $C$F$$ $/MM;R $r?^<( $7 ( GNUPLOT $r MQ$$$k ) !" @bL@ $;$h !# 31 05=L@-N.BN $N>l9g !" G4@-1~NO $N<0$O>/ !9J#;( $K$J $k !#6qBNE* $J7A $K $D$$$F$O !" E,Ev $J652J=q ( $?$H$( $P J88% [5, p.58]) $r 8+$h !# 32 G$0UDj?t $, ;D$k>l9g$O !" � = 1 $H$J $k$h $& $K7h$a$k$H $"$H$N 7W;; $, 3Z$K$J$k !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 23 7.9 J?LL P oiseuille N. Na vier-Stok es J}Dx <0 (7.6) $r <j7W;; $G2r$/ $3 $H $r9M $($k!# $"$k $$ $O !" $=$NJQ 7AHG $G$"$k12 EY 3H;6 J} Dx<0 (7.7) $r Be $o$j$K 2r$$$F$b$h$$ !# $3$3 $G$O !" @E;_ $7 $? JI $r$b$D69$$N.O) $rN.BN $, $^$C$9 $0 $K N. $l $k>l9g ( Poiseuille N. ) $r 9M $($h $& !# N. BN $O !" y = 0 $*$h $S y = b ( > 0) $K $" $k 2 Kg$NJ? LLJI $K$O$5 $^ $l$? 69$$ N.O) $r !" x J}8~ $K $^$C$9 $0 N. $l $F$$ $k !#30NO $O%<%m$G$"$j !" N. $l$O Dj>o $G$" $k !#JI $NC<$N $3$H$O 9M $($J$$ !# $^$? z J}8~$N$3 $H$b 9M $($J$$ !# (1) ?eO)$NMM;R$r?^ $K IA $1!# (2) <!$NJ}?K $K =>$C$FJ}Dx<0$r4JC12=$;$h !# � $^$: O"B3$N<0 $+$i @ x u = 0 $r <($9!# � 12EY ! $K BP $7 $F @ x ! = 0 $r <($9!# $3 $l$r MQ$$$F !" 12EY3H;6J}Dx<0 (7.7) $r 4JC12=$9$k : @ 2 y ! = 0 (7.29) (3) 4JC12=$5 $l$? 12EYJ}Dx<0 (7.29) $N 2r$r5a$a !" $3 $l$H JILL>e $G u = 0 (7.30) $H$$ $&>r7o ( G4Ce>r7o 33 ) $+$i B.EY>l u $r 5a$a$h !# (4) 12EY ! = rot u $r 5a$a !" ?^<( $;$h !# (5) ;~9o t = 0 $K $*$$$F !" x = 0 $N 0LCV$K$"$k N.BN $K !"%$ %s %/ $+ 2? $+$G 0u $r$D$1$? !#;~9o t = 0 $G$O !"%$ %s %/ $O D9$5 b $N @~J,$H $7 $F 4Q;!$5 $l $k !# $3$N @~J, $, !" ;~4V$N7P2a$H$H$b$K $I $N $h $& $K JQ7A$9$k$+ !" @bL@ $;$h !# $? $@ $7 !"%$ %s %/ $N3H;6$OL5;k$9$k !# 7.10 1_4I P oiseuille N. <B :] $N1~MQ $G=EMW $JNc $H $7$F !" 1_4I $N>l 9g $r9M $($k!# $3 $N $?$a $K $O:BI8 $r 1_E{ :BI8 $KD> $7 $F$*$/ $[$& $, NI$$!# (1) (i) $U$D $& $N:BI8 ( x; y ; z )| Descartes :BI8 | $H 1_E{:BI8 ( r; � ; � ) $N$"$$$@$N 4X78<0 $, ( x; y ; z ) = ( r cos � ; r sin � ; � ) (7.31) $G$"$k$H $7 $F !" @ r ; @ � ; @ � $r @ x ; @ y ; @ z $G I=$; !# [ Cm0U : 1i;;;R $r 4^$‘7W;; $G$O =gHV $r >!<j $K JQ $($F$O$$$1$J$$ !# e � x 2 @ x � $H @ x e � x 2 � $O 0[ $J $k !] (ii) >e5-$N4X78<0 $r 5U $K 2r$$ $F 34 !" @ x ; @ y ; @ z $r @ r ; @ � ; @ � $G I=$o$; !# (2) :Y$$4I 35 $G$O !" <! $N$h $& $J2>Dj$r$*$/$3$H $,$G $- $k : � N. $l$O >o $K <4 $K J?9T $G$"$j !" u = u e z ( e z $O <4J}8~$NC10L%Y%/ %H%k ) $H $* $1 $k � N. $l$O Dj>o $+$D <4BP>N $5 $i$K !" 30 NO f $O %< %m $@$H$9$k!# $3$N$h$& $J>r7o $N$b $H $G !" Na vier-Stok es J}Dx<0 (7.5){(7.6) $r 1_E{:BI8 $K=q$-D>$; ( L@$i $+$K%< %m $K$J $k$h $& $J9‘$O>JN,$9$k$3$H ) !# 33 G4Ce>r7o $O <B83;v<B$G$" $k !# $?$H$( $P !" %3!<%R !< $K >/ $7 $@$1 %/%j!<%‘$r F~ $l !" %9 %W !< %s$G$+ $- $^$<$F4Q;! $7 $F$_ $k$HNI$$ !#$"$k $$ $O !" <B83 $N<L?? [15, p.114] $r 8+$h!#$? $@ $7 !"5$BN $G$O B?>/$N$9$Y$j $, @8 $8 $k>l9g $,$" $k $H 8@$o $l$F$$ $k!# 34 O"N)J}Dx<0 $r2r$/:] $K !" 3d;; $r$J$k$Y$/Hr $1 $k$?$a $K$O !" BeF~K! $h$j$b2C8:K!$rMQ$$$k$[ $& $, NI$$ !# 35 B@ $$4I$G$O !" ( F~8}IU6a $G @:L)$J@)8f$r$*$3$J$C$F3I Mp $r <h$j=|$/$h $& $K $7 $J $$8B$j ) 0J2<$N>r7o $, @.$jN)$?$J$$ !#$3 $l$O !" N. $l $, IT0BDj$K$J$j !" MpN. $, @8 $8 $k$?$a$G$" $k !# $I $l $/ $i$$ :Y $1$l $P $h$$$+$O N.B.$HG4@-$K 0MB8$9$k !# $3$N$3$H$r H/8+ $7 $? $N $, !"M-L> $J Reynolds $N <B83 [7, x 8-1] $G $" $k!#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 24 (3) 2r$/$Y$-J}Dx<0$r [ r $K $h$i$J$$ 9‘ ] = [ z $K $h $i$J $$9‘ ] $N7A $K JQ7A $7 !" 2 $D$N>oHyJ,J}Dx<0 $KJ,N%$;$h!# $5 $i$K !" J,N% $7 $? J}Dx<0 $r2r$$ $FB.EY u $r 5a $a$h !# $? $@ $7 JILL ( r = a ) $G$O G4Ce>r7o $r 2]$9!# (4) (i) B.EY>l$r ( z ; r ) LLFb$N%Y %/ %H %k >l$H $7 $F ?^<($;$h !# (ii) ( x; y ) LL $K$*$1$k B.EY$NEyCM@~ $r ?^<($;$h !# (5) 4I$NCGLL $rDL$kC10L;~4V $" $?$j$NBN@QN.NL Q $r 5a$a$h!# B> $N>r7o $r0lDj $K $7 $F a $r JQ $($?$H$- !" Q $O $I $N$h $& $KJQ2=$9$k$+ ? ( $3 $l$, Hagen-P oiseuille $N K!B’ 36 $G $" $k !# ) (6) Fb 7B a = 0 : 4 mm !" D9 $5 15 cm $N LS:Y4I$K ?e $r$H $*$9!# (i) 3 J,$G 100 m ‘ $N ?e$r$H$* $9$?$a$K I,MW$J05 NO $r 7W;;$;$h !# (ii) $3 $N 05NO$r?e ?< $K 49;;$9$k$H $I $l $/$i$$$K$J $k $+ ? ( J*M}3X<B83$N <x6H $G ?e$NG4@-78 ?t $rB,$C$?$3$H$N$"$k?M$O !" <+J, $N7P83$H0lCW $7 $F $$$k$+ $I $& $+8!F$$9$k$3$H !# ) 7.11 <PLL>e$N1UKlN. <PLL>e $r =ENO $K$h$C$F N. $l $k GvKl>u$NHs05=LN.BN$N1?F0 ( 1UKlN. ) $r 9M $($k [8, p.289] !# (1) $^$:!" N. $l$, Dj>o $G$" $j!" 1UKl $N8|$5 $, 0lDjCM h $G$" $k>l9g$r9M$($k !#<! $N<j=g $K $h$C$F !" B.EY>l $, u = " u 0 # ; u = ( g sin � ) h 2 2 � � 2 z h � � z h � 2 � (7.32) $GM?$($i $l $k$3$H$r<($; !#<0 (7.32) $r Nusselt 2r $H$$ $& !# � ?eJ?LL $KBP$9$k<P LL $N79<P3Q $r � $H$9$k !# <P LL $r2<$kJ} 8~ $K x <4 $r$H$j!" K! @~J}8~ $K y <4 $r$H$k $H !" B.EY$*$h $S 30NO9‘$O u = " u 0 # ; f = �g " + sin � � cos � # $H$"$i$o $5 $l $k !# $3 $l$r Navier-Stok es J}Dx<0 (7.6) $K BeF~ $7 !" @.J, $G =q$-D>$9!# � O"B3$N<0 $r MQ$$ $F @ x u = 0 $r <($9!# $3 $l$r MQ$$ $F !" Na vier-Stok es J}Dx<0$r4JC12=$9$k !# � 6-3&>r7o p j y = h = p 0 $r 9MN8 $7 ( $3$3 $G p 0 $O Bg5$05 ) !" p $r 5a$a$k !# � B.EY $K$D$$$F$O !" JILL ( z = 0) $G$O G4Ce>r7o $r 2] $7 !" I=LL ( y = h ) $G$O QrCG1~NO $,%< %m$H$$ $&>r7o � xy = 0 (7.33) $r 2]$9!# $3$3$G � ij = � p� ij + � 0 ij $G $"$j !" � 0 ij $O <0 (7.27) $G M? $($i$l $k !# $3 $l$i $N >r7o$r9MN8 $7 $F B.EY u $r Dj$a$k !# (2) <!$K !" h $, 40 A4 $K 0lDj $G$O$J $/!" $f$k$d$+$K JQ2=$9$k >l9g$r9M$($k !#I=LL$N8{G[ j @ h=@ x j $, Hy >. $G$"$l $P !" 6a;wE* $K Nusselt 2r (7.32) $, E,MQ$G$-$k !# (i) <0 (7.10) $H F1MM$K9M$($F @ h @ t + @ Q @ x = 0 (7.34) 36 EZLZ 3X<T Hagen $H0e3X<T Poiseuille $O !" <B 83 $K$h$C $F$= $l $>$l FHN) $K$3$NK!B’ $rH/8+ $7 $? !# $J$* !" J88% [16, pp.31-36] $N$h $& $K !" J#;( $J7W;;$r$9$Y$F>JN, $7 !" <!852r@O $rMQ$$$F$$$-$J$j Hagen-Poiseuille $N K!B’$rF3$/J}K!$b$"$k !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 25 $H$$ $&<0 $, @.$jN)$D$3$H$r<( $7 !" Q $r h $G $"$i$o$; !# (ii) <0 (7.34) $+$i Q $r >C5n $7 !" <! $N<0$rF3 $1 : @ h @ t + C @ h @ x = 0 ; C = C ( h ) (7.35) (3) =i4|>r7o$r h j t =0 = h 0 � A tanh x � (7.36) $H$9$k ( $? $@ $7 A > 0) !# 2<5-$NJ}?K $K =>$$ !" I=LL h = h ( x; t ) $N ;~4VJQ2=$NMM;R $r 5a$a$F?^<($;$h !# � !V x $r M? $($F h $r 7h $a$k !W $H$$ $&H/A[ $r 5UE> $7 !" x = x ( h; t ) $H 9M $($F %0 %i%U$r IA$/ $3$H$K$9$k !# � =i4|>r7o (7.36) $r h $K $D$$$F 2r$- !" x j t =0 $r 5a$a$k !# � <0 (7.35) $r <0 (7.17) $N 7A $K =q$-D>$9 !# � =i4|>r7o $r 9MN8 $7 $F x = x ( h; t ) $r 7hDj$9$k !# � ;~9o $r t = 0 $+$i$O $8 $a$F >/ $7 $: $DJQ2=$5$;$J $,$i !" 3F;~9o $K $* $1 $kI=LL$NGH7A$r?^<($9$k !# Cm 0U : $b $A$m$s !" $3$N2r @O7k2L$O 6a;wE*$J$b$N$K $9 $. $J $$ !#M}M3 $O !" ;~4V $H$H$b$K GH 7A $, JQ2= $7 !" $= $l $K $D$l$F $7 $@ $$$K j @ h=@ x j � 1 $H$$ $&>r7o $, @.$j N)$?$J$/$J $k $+$i$G $" $k !# $=$N 8e$NGH7A$r 7h$a$kMW 0x$H $7 $F$O !" 47@- $N8z2L$HI=LLD%NO$N 8z2L $, K\<AE*$G$"$j!" $=$N7k2L !" FCD’E* $J !V $5 $6 GH !W $rH< $&%Q %k %9>u $NGH $, 7A@.$5 $l $k !# 7.12 1_Cl$r2a $. $kCY $$ N. $l LdBj 3.6 $H F1 $8 $h $& $J >u67 $NN. $l$r !" $3 $s $I $O !" G4@- $r 9MN8 $7 $? J}Dx<0 $K$h$C$F2r@O $7 $F$_$h $& !# =PH/E@ $H $7 $F$O !" 12EY3H;6J}Dx<0 (7.7) $K $*$$$F x 3.5 $H F1MM$N2>Dj $r$*$3$J$$ !" $5 $i$K u � r ’ U @ x $H 6a;w $7 $?$b$N$r MQ$$$k ( Oseen 6a;w ) !# $3$N6a;w $O !" G4@- $, Hf3SE*Bg$-$$ $H$-$K M-8z $G$" $k 37 !# (1) N. $l$, 2 <!85 $@$H $$ $&2>Dj $rMQ$$$k$H !" 12EY3H;6J}Dx<0 (7.7) $O ( @ t + u � r ) ! = � r 2 ! $N$h $& $K4JC12=$5 $l $k$3$H$r<($; !# (2) (i) Oseen 6a;w$rE,MQ $7 !" $5 $i$KJQ?t$r $&$^$/CV$-D>$9 $3$H$K$h$j!" 12EY3H;6J}Dx<0 $r � @ 2 x + @ 2 y � � 2 � = 0 (7.37) $N$h $& $J7A$K=q$-$J$*$; !# (ii) Dj?t � $H Reynolds ?t $N4X78$r<($; !# %R%s %H : $^ $: ! = e + �x $H CV$$$FBeF~ $7 !" <! $K � $N CM$rE,@Z$KA*$V !# (3) 1_Cl$N6a$/ ( r > D = 2 $+ $D � r � 1 $H$J $kNN0h ) $G$O 38 !" <! $N6a;w $, @.$jN)$D : � J}Dx<0 (7.37) $K $*$$$F !" � $N 9‘ $r L5;k $G$- $k !# 37 !D$H$$$& $3 $H$O !" G4@- $, Bg$-$/$b $J$/ %<%m$G$b $J$$$h$& $J>l9g $O !" 6a;w2r $O;H$($J$$ $3$H $K$J$k ( $= $& $$$&>l9g $K$b@.$jN)$D6a;w $r9M$($k$N $O IT2DG=$G $O$J$$$+$b $7$l $J$$$, !" $b$N$9 $4 $/Fq $7 $$ ) !# 38 $3$N$h$& $JNN0h $, B8:_$9$k $? $a $K$O !" 1_Cl $ND>7B D $, �D � 1 $r K~$?$9I,MW $,$"$k !# $D$^$j!" N. $l$N Reynolds ?t $, >.$5$/ $J $1 $l $P $J$i$J$$ !#

N.BN $N?t3X (2002-10-09): N.BN$N1?F0$r2r@O$9$k 26 � ! ’ $H 8+ $J$; $k !# $7 $?$, $C$F � @ 2 x + @ 2 y � ! = 0 $H $7 $F NI$$ !# $3$NJ}Dx<0$r6K:BI8$G=q$-D> $7 !" L58B1s $G ! ! 0 $H $$ $&>r7o$N$b $H$G 0lHL2r $r 5a $a$h !# (4) N. $l4X?t $r <0 (3.21) $N$h $& $K2>Dj $7 !" $3 $l$+$i12EY ! $r 7W;; $7 $F !" $3 $l$r>e $G5a$a $?7k2L $HEy $7 $$$HCV $/ $3$H$K$h$C$FN. $l >l$r5a$a$h !# (5) 12 EY ! $*$h $S N. $l >l u $r ?^<($; $h ( GNUPLOT $r MQ$$$k$3$H ) !#$^$? !" x 3.6( G4@- $,$J $$ >l 9g ) $N 7k 2L$r?^ <( $7 !" G4@- $, Bg$-$$>l9g$H$N0c$$$K$D$$$F8!F$$;$h !# Cm 0U : >e5-$N2r@O $G$O � $O >.$5$$ $H $7 $F L5;k $7 $F$$ $k $, !" $3$N6a;w $O 1_Cl$N6a$/ $G $7 $+ @.$jN)$?$J$$ $+$i !" L5 8B1s $G$N6-3&>r7o $r$"$F $O$a$F2r $r3NDj$9 $k $3$H $,$G$-$J$$ !# L58B1s $^ $G @.$jN) $D2r $rF@$k $K$O !" � $r 4^ $a $F J}Dx<0 (7.37) $r 2r $/I,MW $, $"$k ( J88% [13] $r 8+$h ) !# 8 %l %] !< %H 2]Bj : !V G4@-$N$"$kN. $l !W F eynmann J* M}3X$N !V G4 @-$N$"$kN. $l !W ( J88% [10] Bh 20 >O ) $r FI$_ 39 !" B> $N;q NA ( J88% [11] $N Bh 9 >O!&Bh 10 >O $d !" N. $l $N <B83$N<L??=8 [9, 17] $J $I ) $b ;29M $K $7 $F !" <! $N;v9‘ $K$D$$$F %l%] !< %H $r $^$H$a$h !# � Reynolds ?t $H$O 2? $+ ? � 2 $D$N 1_E{$N$"$$ $@$N Couette N. ( T a ylor-Couette N. ): N. $l$O JI $K J?9T $J Dj>oN. $G$" $k $H 2>Dj $7 $F !" <j7W;; $G 2r $r 5a$a !" $3$N 2r $H <B:]$N<B837k2L $, 0lCW$9$k$? $a$N >r7o $K$D$$$F D4$Y$h !# $^ $? !" $3$N >r7o $, GK $l $k$H !" <B83 $G$O $I $N$h $& $J N. $l$, 4Q;!$5 $l $k$+ ? � 1_Cl $r 2a $. $kN. $l : Reynolds ?t$NBg$-$5 $r$$$m$$$mJQ $( $k $H !" N. $l$N MM;R $O $I $N$h $& $KJQ2=$9$k $+ ? ( C1 $J$kLO<0?^ $G$J$/!" $J$k$Y $/ _ K\ _ J* _ $N _ <B _ 83 _ $N _ <L _ ?? $r 8+ $F %9%1%C%A$;$h !# $^$? !" x 3.6 $d x 7.12 $N 7k2L $H$N 4XO" $r 9M $($h !# ) $3$N %l%] !< %H$H 0l=o $K !" Bh 7 >O$NA*Br2]Bj$N %l%] !< %H $b K: $l$:$K Ds=P$9$k$3 $H !# ;29MJ88% [1] :=@n=E?. . EE<’5$3X . J*M}%F %- %9 %H%7 %j!< %: 4. 4dGH=qE9 , 1977. [2] 5HEDIp . %1 %W %i!<!&E76u$N@{N’ . 6&N)=PHG , 1999. [3] ?95# . @~7ABe?t | @8BV$H0UL# . F|K\I>O@<R , 1980. [4] CfB<=c . J*M}$H%F %s%=%k . J*M}?t3X One Poin t 3. 6&N)=PHG , 1993. [5] C’M’@5 . N.BNNO3X . ?7J*M}3X %7 %j!< %: 21. G]Iw4[ , 1982. [6] Glansdor� and Prigogine. 9=B$!&0BDj@-!&$f $i $. | $=$N G.NO3XE*M}O@ . $_ $9$:=qK< , 1977. [7] C’M’@5 . O"B3BN$NNO3X . 4dGH4pACJ*M}3X %7 %j!< %: 2. 4dGH=qE9 , 1995. 39 E7:ME* $J F6;! $K K~$A$? K\ $G$O$" $k $, !" $7 $+$7 !" $3$N>O$K$*$1 $k !V 6-3&AX !W $H$$ $&8l$N;H$$J}$K$O$$$5 $5 $, 5? Ld $,$J$$$o$1$G$O $J $$ !#$U $D $& $N0UL#$G$N !V 6-3&AX !W $K$D$$$F$O !" $?$H$( $P J88% [5] $N Bh 15 >O$d !" J88% [11] $N p.169 0J9_$r8+$h !#

N.BN $N?t3X (2002-10-09): Jd0d 27 [8] :#0f8y . N.BNNO3X ( A0JT ). J*M}3XA*=q 14. >X2ZK< , 1973. [9] <o;REDDj=S . 2hA|$+$i3X$VN.BNNO3X . D+AR=qE9 , 1988. [10] F eynman, Leighton, and Sands. EE<’GH$HJ*@- . %U%! %$ %s %^ %s J*M}3X IV. 4dGH=qE9 , 1971. [11] ?@ItJY , @P0f9n:H . N.BNNO3X . >X2ZK< , 1995. [12] Landau and Lifshitz. N.BNNO3X 2. El5~?^=q , 1971. [13] LZED=EM: . N.BNJ}Dx<0$N2r$-J}F~Lg . J*M}?t3X One Poin t 11. 6&N)=PHG , 1994. [14] 5WJ]N<8^ . Bg3X1i=, G.3X!&E}7WNO3X . >X2ZK< , 1961. [15] >>?.H,==CK . JQ7A $H N. $l $N NO3X . 4pAC$NJ*M} 2. D+AR=qE9 , 1981. [16] @DLn=$ . <!85 $H <!852r@O . J*M}3X One Poin t 16. 6&N)=PHG , 1982. [17] F|K\5!3#3X2q . <L??=8 N. $l . 4]A1 , 1984. [18] F eynman, Leighton, and Sands. EE<’5$3X . %U%! %$ %s %^ %s J*M}3X I I I. 4dGH=qE9 , 1969. [19] Donald A. McQuarrie. Statistical Mechanics , chapter 17, Contin uum Mechanics. Harp erCollins, 1976. [20] E. Kreyszig. @~7ABe?t $H%Y %/ %H%k 2r@O . 5;=Q<T$N$?$a$N9bEy?t3X 2. G]Iw4[ , 1987. Bg 3X $G J*M}3X $r3X$V0J>e $O !" E7 :M F eynman $N9V5AO? $r0lEY $O I, $:FI$‘ $Y$- $G$"$k!# $3 $N %W %j %s %H $NA0H>$N<gBj $G$"$k !V >l !W $H$$ $&9M $( J} $O !" EE<’5$3X $N9V5A$HJB9T$9$k7A $G !" J88% [18] $N Bh 2 !& 3 !& 4 !& 12 >O $G @bL@$5 $l$F$$ $k !# 8e H> $O N.BNNO3X $N1i=, $G$"$k!# Bg@>8& $N1i=, $H$$$&@-3J $+$i !" GHF0 $K4XO"$9$kBj:‘ $, B?$/ $J$C $? $, !" $=$NOH $N $J$+$G !" $J$k$Y$/5$ BN $@$1$G$J $/1UBN ( Hs05=LN. BN ) $b 07 $&$h$& $K G[N8 $7 $? !#N.BNNO3X$N;29M=q$H $7 $F$O !" J88% [11] $+ [7] $, <j:" $@$m $& !# $^ $? !" C’M’ @5 $N !V N.BNNO3X !W [5] $O !" Bg3X1! $G N.BN $r$d$k$J$i$< $R Gc$C $F$*$-$?$$ !#J8 8% [8] $O L>Cx $G$O$"$k $, !" 9b2A $G$+$D L$40 $G$" $k $+$i !" FC $K 5^$$ $G 9XF~$9$kI,MW $O$J$$$H ;W $& !# $3$N %W %j %s %H$O 1997 G/ $K=q$$$?867? $r2?EY $+2~D{ $7 $?$b$N $G$"$k!# Ev =i $N867? $G $O !" <g $K J88% [6, 19] $r ;29M $K $7 $? !# Jd0d A %. %j%7%c J8;z A � alpha B � b eta � gamma � � delta E � e-psilon Z � zeta H � eta � � theta I � iota K � k appa � � lambda M � mu N � nu � � xi O o o-micron � � pi R � rho � � sigma T � tau � � u-psilon � � phi X � c hi (khi) psi ! o-mega

N.BN $N?t3X (2002-10-09): Jd0d 28 B 5eLL$N %Q%i %a !<%?I=<( H>7B a $N 5eLL$r%Q%i %a !<%?I=<( $7 !" $=$N>e$NLL@QMWAG n dS $r 5a$a$h $& ( $3$3 $G n $O C10L K!@~%Y%/ %H%k ) !# $= $l$K$O !" 5eLL >e $NE@ r = ( x; y ; z ) $r 2 $D$N%Q%i %a !< %? $G$" $i$o $7 !" %Q%i %a !<%? $rHy>. $K JQ2= $5 $;$F $G$-$kJ?9T ;MJU7A $r 9M $( $l $P $h$$ !# J*M}3X $G$O !" $U $D $& ( � ; � ) $r %Q%i %a !<%? $H $7 $F r = ( a sin � cos �; a sin � sin �; a cos � ) (B.1) $H$"$i$o$9!#<0 (B.1) $O !" r J}8~$NC10L%Y%/ %H%k e r $r MQ$$$k $H r = a e r ; e r = (sin � cos �; sin � sin �; cos � ) $H =q $1$k !# Hy>. $JJ?9T;MJU7A $NJU $K AjEv$9$k %Y%/ %H %k$O @ r @ � � � $*$h $S @ r @ � � � $G $"$j!" <0 (B.1) $r MQ$$ $F6qBN E* $K 7W;;$9$k $H @ r @ � = ( a cos � cos �; a cos � sin �; � a sin � ) @ r @ � = ( � a sin � sin �; a sin � cos �; 0) $7 $? $, $C$F n dS = � @ r @ � d� � � � @ r @ � d� � = � � � = e r a 2 sin � d� d� (B.2) $r F@$k 40 !# >l 9g $K $h$C $F $O !" <0 (B.1) $H$O 0[$J$kI= $7 J} $rMQ$$$k$3 $H$b$"$k !# $?$H$( $P CO5eJ*M} $G$O DL>o$N0^EY $d7PEY $K 9g $o$;$? JQ?t $r MQ$$$k $[ $& $, 9%ET9g $@$m $& !# %/ %i %$ %D %# %0 [20, p.182] $O !" ( u; v ) $r%Q%i %a !<%? $H $7 $F r = ( a cos v cos u; a cos v sin u; a sin v ) (B.3) $H$"$i$o $7 $F$$ $k !# $5$- $[ $I $H F1MM $K n dS $r 5a$a$k $H !" 7k2L $O n dS = � @ r @ u du � � � @ r @ u dv � = � � � = e r a 2 cos v du dv (B.4) $H$J $k !# C Gau� $N8m:94X?t Gau� $N8m:94X?t $r erf x = 2 p � Z x 0 e � s 2 ds; erfc x = 2 p � Z 1 x e � s 2 ds (C.1) $N$h $& $J@QJ, $G Dj5A$9$k 41 !# $3 $l$i$N 4X?t$N5sF0$rCN$k $K$O !" GNUPLOT $r 5/F0 $7 $F plot erf(x), erfc(x) $J $I $H F~NO $7 $F %0 %i%U$r IA $1 $P $h$$ !#HO0O $d%? %$ %H%k $N <+F0@_Dj $, 5$ $K F~ $i$J$$ >l9g $O plot [0:2.5] [0:1.2] erf(x) title "Gauss’ error function" $N$h $& $K $7 $F <+J,$N9%$-$J$h $& $K ;XDj$9$k !# 40 30@Q $N?^7AE*$J0UL#$r;W$$=P $7 $F$[ $7 $$ : J?9T;MJU7A$N 2 $D$NJU$N30@Q$O !" LL %Y%/ %H %k ( LL@Q$HK!@~$r<($9%Y%/ %H %k ) $r M?$($k !# 41 K\ $K$h $C$FDj5A $, 0c $&>l9g $,$" $k$N$GCm0U$9$k$3$H !#