%7%9%F%‘@)8fM}O@1i=,;qNA T ext for Lab. of Theory and Practice on Analysis and Design of Con trol Systems J?@. 26 G/ 5 7n 27 F| <x 6H !" 1i =, $N %F %- %9 %H $O 2< 5- URL $+ $i %@ %& %s %m !< %I $G $- $^ $9 $N $G !" 3F<+%@%&%s%m!<%I$7$F$/$@$5$$ !# As the texts for the lecture and exercise can b e do wn loaded from the follo wing URL, please do wn load the �les b y y ourself. h ttp://www.ac.ctrl.titec h.ac.jp/mem b er/y amakita/text.h tml 1

MA TLAB F~Lg $3$N %^ %K %e%"%k $G $O MA TLAB $N4JC1 $J ;H $$ J} $r 2r @b $7 $^ $9 !# MA T- LAB $O0lHL$N %W%m %0%i %‘8@ 8l$H F1$8 $h$& $K%W %m%0 %i%‘ $rAH $‘$3 $H$, =P Mh $^ $9 $, !" FC $K 9T Ns 1i ;; $r H< $& >l 9g $K 0R NO $r H/ 4x $9 $k 8@ 8l $G $9 !# $3 $3 $G $O K\ 1i =, $G I, MW$H $J $k :G Dc $N 5! G= $r @b L@ $7 $^ $9 !# @bL@ $N 8e$K 2] BjLdBj$,$"$j$^$9$N$G2rEz$7$F$/$@$5$$ !# 1 FC<lJ8;z !& 1i;;;R MA TLAB Fb $G $O Ia DL $N %W %m %0 %i %‘ 8@ 8l $H F1 MM JQ ?t $, ;H $( $^ $9 $, !" C 8@8l$N $h $& $J 7?$O $" $j $^ $; $s !# JQ ?t L>$O Bg J8 ;z $H >.J8 ;z $r 6h JL $7 !" %" %k %U %! %Y%C%H $+ $i $J $k J8 ;z Ns $G JQ ?t L> $r I= $7 $^ $9 !# $7 $+ $7 !" i $O p � 1 !" pi $O � $rI=$7JQ?tL>$H$7$F$O;H$$$^$;$s !# ’ !’ ’ $OEy 4V 3V $J %G !< %? Ns $r @8 @. $9 $k 1i ;; ;R $G !" ts,td,te $r <B ?t $H $7 $F $D$.$N$h$&$J9T%Y%/%H%k$r@8@.$7$^$9 !# I=8= @8@.$5$l$k%Y%/%H%k ts:dt:te [ts, ts+dt, ts+2dt, � � � , te], ([te] $O te $r1[$($J$$ ts+n dt $HI=8=$G$-$k<B?t ) ts:te [ts, ts+1, ts+2, � � � , [te] ] $3 $N 1i ;; ;R $O 0l Dj 4V 3V Kh $N 4X ?t CM $r 7W ;; $9 $k >l 9g $J $I $K Hs >o $K JX Mx $J$b $N $G $9 !# Nc $( $P 4X ?t sin(x) $NCM $r x $, 0.0 $+ $i 1.0 $^$G 0.1 9o $_ Kh $NCM$,M_$7$$>l9g$K$O$D$.$N$h$&$K4JC1$K7W;;=PMh$^$9 !# x = 0.0:0.1:1.0; y = sin(x); $3 $N $h $& $K AH $_ 9~ $_ $N 1 JQ ?t 4X ?t $K 9T Ns $, EO $5 $l $? >l 9g !" $= $l $> $l $N MW AG$K BP 1~$7 $? 4X ?tCM $, F~$C$?F1 $8 %5 %$%: $N 9TNs $, 4X ?t$N 7W ;;7k 2L$H$7$FJV$5$l$^$9 !# 2 MA TLAB $NDj?t9TNsI=8= MA TLAB $NDj?t9TNs$NI=8= $O 1 $N$h$& $K$J$C$F$$$^$9 !# 9TNs$O4p K\E* $K $= $N MW AG $r 9T $4 $H $K ’ !( ’ $G6h @Z $C $F I= 8= $7 $^ $9 !# $3 $N $H $- !" MW AG$HMWAG$N4V$K ’,’ $rF~$l$^$9 !# 2

I= 1: Mathematical I=8=$H Matlab I=8= 3 9TNs$NJ]B8 MA TLAB $G9TNs %G!< %? $rJ] B8$9 $k $K$O !" $=$N %G !<%? $rE, Ev $JJQ ?t $KBeF~$7$^$9 !# $3$N:]JQ?t$N@k8@$OI,MW$"$j$^$;$s !# Nc$($P !" 2 6 4 1 2 3 4 3 7 5 $H$$$&9TNs$rJ]B8$7$?$1$l$P !" 9TNs$NJQ?tL>$r A $H$7$F 3

A = [1,2;3,4]; "- $H $9 $k $@ $1 $G $9 !# $3$3 $G ’ "- ’ $O %j %? !< %s %- !< $r I= $7 $^ $9 !# $^ $? !" <0 $K ’;’ $r>J N,$9$k $H !" <0$NCM$,I= <($5$l $^$9 !# :#$N>l9g $G$O9T Ns A $N Fb MF $, I= <( $5 $l $^ $9 !# 7W;; 7k 2L $r$9 $0 $K I= <( $9 $k I, MW $, $J $$ >l9g $O I,$: ’;’ $rIU $1 $^ $9 !# 9T Ns $N i 9T !" j NsMWAG $D $^ $j!" ( i; j ) MWAG $r <h$j =P $9$N$O JQ?tL> (i,j) $H$7$^$9 !# !J :#$N>l9g$O A(i,j) $H$7$^$9 !K J] B8 $7 $? %G !< %? $N Cf L# $r I= <( $9 $k $N $O !" C1 $K BP 1~ $9 $k JQ ?t L> $r %? %$ %W $9 $k $@ $1 $G $9 !# $^$? !" 9T%Y %/ %H %k !" Ns%Y %/ %H %k !" ItJ, 9T Ns $N <h $j =P $7 !" 3H Bg 9T Ns $N Dj 5A $N ;E J} $r 1 $K $^ $H $a $F $" $j $^ $9 !# 9T Ns $N CM $r J] ;}$7$J$$$GJQ?t$@$1$rDj5A$9$k$K$O global A; $H$7$^$9 !# FC<l$J9TNs$KBP$7$F$O$D$.$N$h$&$J4X?t$,MQ0U$5$l$F$$$^$9 !# I= 2: FC<l$J9TNs$NDj5A MWAG$,Nm$N9TNs zeros(n) n 9T n Ns$N@5J}$NNm9TNs zeros(n,m) n 9T m Ns$NNm9TNs MWAG$, 1 $N9TNs ones(n) MWAG$,A4$F 1 $N n 9T n Ns$N@5J}9TNs ones(n,m) MWAG$,A4$F 1 $N n 9T m Ns$N9TNs BP3QMWAG$, 1 $N9TNs ey e(n) n 9T n Ns$NC10L9TNs ey e(n,m) BP3Q$K 1 $, !" $=$l0J30$O%<%m$N n 9T m Ns$N9TNs [ N}=, ] I= 1 !" I= 2 $NA‘ :n $G 9T Ns $r :n @. !" E, Ev $J JQ ?t $K 3J G< $7 7k 2L $r I= <( $7 $F $_$J$5$$ !# 4 9TNs$K4X78$9$k1i;; A; B $r E, Ev $J %5 %$ %: $N 9T Ns !" a ij $O 9T Ns A $N ( i; j ) MW AG !" � i $r 8G M- CM$N $R $H $D !" c E,Ev $J %9 %+ %i CM $G $" $k$H $9 $k!# $3 $N $H !" Dj ?t G\ !" 9T Ns ;MB’1i;;$OI= 3 $N$h$&$K7W;;$5$l$k !# 4

I= 3: 9TNs1i;;$N MA TLAB I=8= Dj?tG\ c*A, A*c 6&LrE>CV A’ OB !" :9 !" @Q A+B, A-B, A*B 5U9TNs in v(A) 9TNs<0 det(A) 8GM-CM !& 8GM-%Y%/%H%k eig(A) (=[ � 1 ; � � � ; � n ]’) %H%l!<%9 trace(A) %i%s%/ rank(A) 9TNs$N%5%$%: size(A)( 7k2L$O [ 9T?t , Ns?t ]’) A4MWAG$NOB sum(A) (= P ij a ij ) MWAGF1;N$N@Q C = A .* B ( c ij = a ij � b ij ) [ N}=, ] c = 4 : 0, 9T Ns A; B $r0J 2< $N $h $&$K Dj 5A $7 I= 3 $N 1i ;; $rA4 $F <B 9T $77k 2L$r3N$+$a$J$5$$ !# A = 2 6 6 6 6 4 3 4 5 0 2 3 0 0 1 3 7 7 7 7 5 ; B = 2 6 6 6 6 4 1 2 3 4 5 6 7 8 9 3 7 7 7 7 5 5 M %U %! %$%k MA TLAB $O%$%s %?%W %j %?8@ 8l$G $" $k$? $a !" %j %? !<%s $,F~ NO $5$l $k $H B( :B $K 7W ;; $, 9T $J $o $l $^ $9 !# $7$+ $7 !" %?%$ %W %_ %9 $J $I $G %G!< %? $, @5 $7 $/ $J $$ $H $;$C$+ $/ F~ NO $7 $? %G !< %? $, <: $J $o $l $F $7 $^ $$ $^ $9 !# Bg $- $J 9T Ns $J $I $r F~ $l D> $9 $N $O Bg JQ $J :n 6H$G $9 !# $^$? !" %G!< %?$r JQ $( $F 0l O" $N %- !< A‘ :n $r;O $a $+ $i A4 $F <j :n 6H $G 9T $J $& $N$O Bg JQ $G $9 !# $= $N $? $a $K !" %- !< %\ !< %I $+ $i D> @\ BG $A 9~ $‘ Be $j $K !" $^ $C $? $/ F1 $8 $b $N $r %U %! %$ %k $H$7 $F :n@. $7 $= $l$r $" $?$+ $b %- !<%\ !< %I$+ $i BG $A9~ $s $@$H 5

F1 $8 $h $& $K F0 :n $5 $; $k 5! G= $, $" $k $^ $9 !# $= $N $? $a $K :n $C $? %U %! %$ %k $r M %U %! %$%k$H8F$S$^$9 !# M %U %! %$%k$O$I$N$h$&$J%F%-%9%H%(%G %# %? :n@.$7$F$b$+$^$$ $^$;$s !# $?$@$7 !" 3HD%;R $O .m $H$7$^$9 !# $3$N1i =, $GMQ$$ $k7W;;5!$OG=NO$, ==J,$J$$$?$a !" ng $H$$$&%7%s%W%k$J %(%G %# %?$r;H$$$^$9 !# :n@. $7$? M %U %! %$ %k$r<B 9T$9$k $N$O !" M %U %! %$%k$N %U %! %$%k L>$r �lename $H$9 $k $H !" MA TLAB $NF0 :n 4D 6- $= $N %U %!%$%k L> $r 5- =R $9 $k $@ $1$G$9 !# Nc$($P !" �lename $H$$ $& M %U %! %$%k$N $J$+ $K0lO" $N%3 %^ %s%I$,F~$C$F$*$j!" $=$l$r<B9T$9$k$N$O �lename "- $H %?%$ %W$9 $k$@ $1$G$9 !# M %U %! %$%k $NCf $G%3 %a%s %H$r =q$- $?$$ >l9g $O9T$N @hF, $K ’%’ $r=q $- !" $=$N 8e $K%3 %a %s%H $r =q$- $^ $9 !# % $N$" $k 9T $O F0 :n$K 0l @Z 1F 6A$r M? $( $^$; $s !# $^$? !" %U %! %$ %k Fb $N 0l9T $, D9 $$$H <+ A3 $H2~ 9T $, 9T$J $o $l $k%( %G %# %?$, $"$j $^ $9$, !" <!$N 9T$r A0 $N 9T$K B3$$ $F $$ $k $h $& $K MA TLAB $K2r<a $5 $; $k $? $a $K $O ’...’ $rA0 $N 9T $N :G 8e$K%?%$%W$7$^$9 !# M %U %! %$%k<B 9T Cf$K %- !<%\ !<%I $+ $i%G !< %?$r F~NO $9 $k>l 9g $O input 4X?t$r;H$$$^$9 !# IaDL$N9TNs$r%-!<%\!<%I$+$iF~NO$9$k>l9g$O A = input(’prompt string); $H 5- =R $7 $^ $9 !# $3$3 $G ’prompt string’ $O F~ NO MW 5a $r $9 $k :] $K I= <( $9 $kJ8;zNs$G$9$G !" F~NO$5$l$?%G!<%?$O A $KF~$j$^$9 !# $^$? !" %W %m %0 %i %‘ $N <B 9T $r 0l ;~ Cf CG $9 $k $? $a $K puase %3%^ %s %I $, MQ 0U$5 $l $F $$ $^ $9 !# pause %3 %^ %s %I $O 0z ?t $, $J $$ >l 9g $O %- !< F~ NO $, $" $k $^$G <B 9T $r Dd ;_ $7 !" @0 ?t $N 0z ?t (n) $,EO $5 $l $k $H n IC %W %m %0 %i %‘ $r Dd ;_$7$^$9 !# 6 :n6H4D6-A‘:n4X?t MA TLAB $G;H$o $l$k JQ ?t$O 86B’ E* $KBg 0hJQ ?t $G !" 0l EY@8 @. $5$l $? $b $N $OL@ <( E*$K >C 5n$9 $k $^$G >C $($k $3 $H $O$" $j $^$; $s !# $I$N$h $&$J 6

JQ ?t $,;D $3$C$F $$ $k$+ !" JQ?t $r>C 5n $9 $k$J $I $N4D 6- $r A‘:n $9 $k 4X?t $K$OI= 4 $N$h$&$J$b$N$,$"$j$^$9 !# I= 4: :n6H4D6-A‘:n4X?t 4X?tL> 5!G= who Dj5A$5$l$F$$$kJQ?t$N%j%9%H$rI=<($9$k whos Dj5A$5$l$F$$$kJQ?t$N%j%9%H$r>\$7$/I=<($9$k clear JQ?t%j%9%H JQ?tL>$NJQ?t$r>C5n$9$k !# JQ?tL>$O ’,’ $G6h@Z$k !# sa v e �lename JQ?t%j%9%H 8=:_$N:n6H4D6-Fb$NJQ?t$r �lename $G;XDj$5$l$k%U %! %$%k$K%;!<%V$9$k %;!<%V$5$l$k%U %! %$%k$N3HD%;R$O .dat $G !" M %U %! %$%k$H8_49@-$O$J$$$N$GCm0U !# JQ?t%j%9%H$,>JN,$5$l$k$HA4$F$NJQ?t$r%;!<%V$9$k !# load �lename sa v e 4X?t$N5U$G !" %U %! %$%k$K%;!<%V$5$l$?4D6-$rI|85$9$k 7 %X%k%W4X?t $I$s$J 4X ?t$, ;H $($k $N $+ !" $I $N$h $& $K;H $& $N$+ $r D4$Y $k 4X?t $, I= 5 $N$h$&$KMQ0U$5$l$F$$$^$9 !# I= 5: %X%k%W4X?t 4X?tL> 5!G= what ;HMQ2DG=4X?tL>0lMw$,I=<($5$l$^$9 help function-name function-name $G;XDj$5$l$?4X?t$N@bL@$rI=<( lo okfor string %*%s%i%$%s%^%K %e %"%kFb$N string $K0lCW$7$?ItJ,$rI=<( 8 @)8f9=B$ MA TLAB $O0lHL$N %W%m %0%i %‘8@ 8l$N $h$& $K== J,$J !" 7+ $jJV $7 !" A* Br $J $I $N @) 8f 9= B$ $r ;}$C$F $$ $^ $9 !# $=$l $i $N 9= J8 $r 4J C1 $K Ns 5s $7 $^ $9 !# 4pK\E* $J F0:n $O C 8@ 8l$K =‘$8 !" <0$H=q $+$l $?$H $3$m $OO@ M}<0 $, $K$J$j$^$9 !# $^$? !" $O>JN,2D$r<($a$7 !" | $O or $r0UL#$7$^$9 !# 1. if %9%F!<%H%a%s%H if <0 J8 {elseif J8 | else J8 } 7 end 2. while %9%F!<%H%a%s%H while <0 J8 end 3. switc h %9%F!<%H%a%s%H switch <0 case Dj?t 1 J8 1 {case Dj?t i J8 i} {ohterwise J8 } end [ Cm0U ] MA TLAB $N switc h %9%F !< %H %a %s %H $G $O !" 0l $D $N case Kt $O other- wise $NJ8$,<B9T$5$l !" $=$NB>$N$b$N$O<B9T$5$l$^$;$s !# 4. for %9%F!<%H%a%s%H for %k!<%WJQ?t = <0 1 !’ <0 2| <0 1 !’ <0 2 !’ <0 3 !( J8 end <0 1 !’ <0 2 !’ <0 3 $N>l 9g !" <0#1 $,=i 4|CM !" <0#3$, =* C<CM !" <0#2$, A}J,CM$H$J$k !# 5. break while $d for $N 7+ $j JV $7 $+ $i 6/ @) E* $K H4 $1 =P $9 %3 %^ %s %I $, break $G$9 8

[ N}=, ] 9TNs A1, A2, A3 $r<! $N$h $& $K Dj5A $9 $k$H $- !" 0J2< $N 2r Ez$r O" B3 $7$F I=<($9$k M %U %! %$%k$r:n@.$;$h !# A 1 = 2 6 4 0 1 � 2 3 3 7 5 ; A 2 = 2 6 4 1 0 1 1 0 2 3 7 5 ; A 3 = 2 6 6 6 6 4 0 1 0 0 0 1 � 1 � 3 � 3 3 7 7 7 7 5 (1) A2*A3 $r7W;;$77k2L$rI=<( !# (2) <!$N 9T Ns M $rDj 5A $7 !" M $N8G M- CM $r 7W ;; $7 $F I= <( $; $h !# $? $@ $7 !" 0 3 � 2 $O 3 9T 2 Ns$NNm9TNs$rI=$9 !# M = 2 6 4 A 1 A 2 0 3 � 2 A 3 3 7 5 [ $*$^$1 ] 9TNs1i;; $r$5 $i$K 8zN( $h$/ 9T$($k %U%j !<%= %U%H MaTX $,0J2< $N%5 %$ %H $+ $i F~ <j 2D G= $G $9 !# C 8@ 8l $J $I 7? @k 8@ $r $9 $k 8@ 8l $r ;H$C$? $3 $H $, $"$k?M$O MA TLAB $N;H$$J}$, J,$+ $l$P 4JC1 $K0\9T $G$- $k$G $7 $g $& !# Windo ws, Lin ux 4D6- $J $I B? MM $J 4D 6- $G ;H $( $^ $9 $N$G ;H $C $F $_ $F$O $$ $+$,$G$7$g$&$+ !# www.matx.org F1 $8 %5 %$ %H $+ $i %j %U %! %l %s %9 %^ %K %e %" %k $r F~ <j $9 $k $3 $H $, $G $- $^ $9 !# $5$i $K ?F @Z $J 2r @b =q $, M_ $7 $$?M $O 0J 2< $N $h $& $J @. =q $, =P HG$5 $l $F$$$^$9$N$G;29M$K$9$k$HNI$$$G$7$g$& !# 8E2l2m?-Cx !’ MaTX $K$h$k?tCM7W;; ( El5~EE5!Bg3X=PHG6I ) 9

MA TLAB $K$h$k>oHyJ,J}Dx<0$N?tCM2rK!$H%0%i%UI=<( 9 4X?t$NDj5A MA TLAB $OIa DL$N %W %m %0%i %‘ 8@ 8l$H F1 MM%f !< %6 4X?t $r Dj 5A$9 $k $3 $H$,$G$-$^$9 !# $? $@0[$J$kE@$O !" 0l$D$N4X?t$O 0l$D$N M %U %! %$%k$N Cf $K 5-=R $7 !" L@<(E* $K@k 8@ $7$J $$ 8B$j $= $N Cf$G ;H $o$l $k JQ?t $O $=$N %U %! %$ %k Fb $G $N $_ M- 8z $J %m !< %+ %k JQ ?t $H $J $k $3 $H $G $9 !# 4X?t $r Dj 5A $9$k M %U %! %$%k $N0lHLE* $JFbMF$J<! $N$h$&$K$J $j$^$9 !# !J Matlab $N %3 %^ %s %I %& %# %s%I%& $N %U %! %$ %k $N %W %k %@%& %s %a %K %e !< $N !V ?7 5, :n@. !J N) !W $r A* Br $7 $F !" !V %U %!%s %/ %7 %g %s M %U %!%$%k !J N) !W $r A* $V $H 2< 5- $N$h$&$J2hLL$,I=$l$^$9 !# $^$C$?$/F1$8$G$O$"$j$^$;$s !# !K ’ & $ % function y = function_name(x1, {x2,... }) % H1 % Comment . . . Statements y = result $3 $3$G !" function name $O Dj 5A$7 $? $$4X ?t L> $G !" x1, x2,.. $O 2> JQ ?t %j%9 %H ( 4X ?t $r 8F $S =P $7 $? :] $K <B :] $N 0z ?t $H CV $- 49 $( $i $l $k JQ ?t $N %j %9 %H ) $G $9 !# result $O Statemen t $N It J, $G 4X ?t $N 7W ;; 7k 2L $G $9 !# y $O $I $N $h $& $J L> A0 $G $b 9= $$ $^ $; $s $, !" $3 $N $h $& $K Dj 5A $9 $k $3 $H $G result $, 4X ?t 8F $S =P $7 $N 7k 2L$H $7 $F JV $5 $l $^ $9 !# Cm0U $9 $Y $- $3 $H $O Dj 5A$7 $? 10

$$ 4X ?t L> $H $= $l $r Dj 5A $7 $? %U %! %$ %k $O I, $: function name.m $H $9 $k $3$H$G $9 !# % $OA0$K @bL@$7 $?$& $h$K %3%a %s%H$r I=$9 9T$G $9$, !" H1 $N9T $O lo okfor 4X?t $N8! :w $N BP >] $H $J$k 9T $G $9 !# $= $l 0J 9_ $N 9T$O help 4X?t$,8F$S=P$5$l$?>l9g !" H1 $H6&$KI=<($5$l$^$9 !# 10 Bg0hJQ?t$NMxMQ Dj 5A $7 $? 4X ?t $K %3 %^ %s %I %i %$ %s $+ $i %Q %i %a !< %? $r EO $7 $? $$ >l 9g $, $" $j $^ $9 $, !" $=$N :G $b 4J C1 $J J} K! $O Bg 0h JQ ?t$r Mx MQ $9 $k $3 $H $G $9 !# Bg 0hJQ?t$rMxMQ $9$k$? $a$K$O !" 4X?t$r Dj5A$7 $F$$$k M %U %! %$%kFb$G;H MQ $7 $? Bg 0h JQ ?t $r <! $N $h $& $K Dj 5A $7 $^ $9 !# Nc$( $P !" Bg0h JQ ?t$H $7 $F X $H Y $r;H$$$?$$>l9g !" ’ & $ % function y = function_name(x1, {x2,... }) global X Y % H1 % Comment . . . Statements y = result $H $7$^ $9 !# $3$3$G Cm0U $7$J $1$i $P $J$i $J$$ $3$H $O JQ?t $N4V $r ’,’ $G 6h @Z $i $: !" %9%Z !< %9 $r F~ $l $k $3 $H $G $9 !# $3$N $h $& $K Dj 5A $7 $? 4X ?t $K Bg0hJQ?t$H$7$F X,Y $rEO$9$K$O !" $=$N4X?t$r8F$S=P$9A0$K !" 0lEY 11

’ & $ % (clear) global X Y X = 2.0; Y = 3.0; $H$7 $F !" JQ ?t $r @k 8@ $7 CM $r Be F~ $9 $k $@ $1 $G $9 !# $= $& $9 $k $3 $H $K $h $C $F !" $= $N ;~ Be F~ $7 $? CM $, 4X ?t $N Cf $G ;H $o $l $^ $9 !# global JQ ?t $H $7 $F 4{$K X Y $,@k8@$5$l$F$$$F#2 =EDj5A$K$J$k?4 G[$,$"$k$h$& $J>l9g$K $O !" global JQ?t$NDj5A$NA0 $K !" clear %3%^%s%I$G JQ?t$r>C 5n$7$F$* $- $^$9 !# 11 >oHyJ,J}Dx<0$N?tCM2rK! >oHyJ,J}Dx <0$H$7 $F !" <!$N 0l3,$N %Y%/%H %k>oHyJ, J}Dx<0 ( >uBVJ}Dx <0 ) $r9M$($^$9 !# _ x ( t ) = f ( x ( t ) ; u ( t ) ; t ) ; x (0) = x 0 (1) $3$N >o HyJ, J} Dx <0 $r ?t CM E* $K2r $/ $? $a $K $O $O !" $^ $: f() $rI= $9 4X?t $r M %U %! %$ %k $H $7 $F Dj 5A $7 $^ $9 !# $3 $N J} K! $O A0 @a $N J} K! $H F1 $8 $G $9 !# $? $@$7 !" I, $:2>0z?t$O #2$D$G !" :G =i$,<B?t$N ;~9o t $KBP1~$9$k$b$N$G !" #2$DL\$, x ( t ) $H$7$^$9 !# 12

’ & $ % function dx = f(t, x) % H1 % Comment % . % . % . Statements dx = result Statemen t $N$H$3$m$G$O !" t $H x $r;H$C $F dx $r7W;;$7$^$9 !# :#$3$N %U %! %$ %k $r f.m $K%; !< %V $7 $? $H $7 $^ $9 !# $3 $N 4X ?t $r Dj 5A $7 $F !" =i 4| >u BV x 0 $r I= $9 9T Ns $r X 0 $H $9 $k $H !" MA TLAB $K$h $C $F ?t CM 2r $r F@ $k $K $O<!$N$h$&$K5-=R$7$^$9 !# � � � � [t, x] = ode45(’f’, [ts, te], X0); $3 $3 $G ts $O X 0 $, Dj 5A $5 $l $? =i 4| ;~ 4V $G !" te $O =* C< ;~ 4V $G $9 !# $^ $? !" t $O x $,7W ;; $5 $l $? ;~ 9o ( I,$: $7 $b 0l Dj 4V 3V $H $O 8B $j $^ $; $s ) $,=D %Y %/ %H%k $H $7 $F %; !< %V $5 $l !" x $K$O $= $l $> $l $N ;~ 9o $G $N >u BV %Y %/ %H %k x(t) $,;~9oKh$K2#%Y%/%H%k$H$7$F%;!<%V$5$l$^$9 !# ( 2<?^;2>H ) t = 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 t s t 1 � � � t e 3 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 5 ; x = 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 X 0 0 = x 0 ( ts ) x 0 ( t 1 ) � � � x 0 ( t e ) 3 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 5 (2) 13

$3$3$G ’ $O9TNs ( %Y%/%H%k ) $NE>CV$rI=$7$^$9 !# 12 7W;;7k2L$N%0%i%UI=<( 7W ;; $5 $l $? 7k 2L $N I= <( $K $O plot $H $$ $& 4X ?t $r ;H $$ $^ $9 !# >e $N @b L@ $G 7W;; $5 $l $? 7k 2L $r !" 2# <4 $r ;~ 4V !" =D <4 $r i HVL\ $N >u BV $H $7 $F %0 %i %U I= <($9$k$K$O<!$N$h$&$K5-=R$7$^$9 !# ’ & $ % plot(t, x(:,i),’-’{,t, x(:,j),’*’,...}); title(’Solution of the ordinal differential equation’); xlabel(’Time [sec]’); ylabel(’State xi’); legend(’xi’,{’xj’, ...}); grid on; $3 $3 $G !" :G 8e $N ’-’ $O %0 %i %U $r <B @~ $K $G I= <( $9 $k $3 $H $r <( $7 $^ $9 !# $^ $? !" fg $G 0O $^ $l $? It J, $O !" F1$8 %0 %i %U $K j HV L\ $J $I $N %0 %i %U $r F1 ;~ $KI= <($7 $?$$ >l9g $K5- =R$7 $^$9 !# xlable, ylab el $O =D<4 !" 2#<4$N;X Dj !" legend $O $I $N %i %$ %s $, 2? $r I= $7 $F $$ $k $+ $r I= <( $9 $k $b $N $G $9 !# $^ $? !" ’grid on’ $O %0 %i %U $K %0 %j %C %I $r =q $- F~ $l $k >l 9g $K ;X Dj $7 $^ $9 !# IT MW $N >l 9g$K $O I, MW $"$j $^ $; $s !# $^$? !" %0%j%C%I $, $"$k >u BV $+ $i !" $J $$ >u BV $K$9 $k $K $O ’grid o� ’ $H F~ NO $7 $^$9 !# $^$? !" %0%i %U $N I=<( HO 0O $rM[$K;XDj$9$k$K$O � � � � axis([ts te xs xe]); $H$7 $^ $9 !# $? $@ $7 !" %0 %i %U $O 2# <4 $N :G =i $, ts, :G8e $, te, =D<4 $N 2< $, xs, >e$, xe $H $J $j $^ $9 !# I= <( $7 $? %0 %i %U $r >C $9 $K $O close $r MQ $$ $^ $9 !# :G 8e $K !" I= <( $5 $l $? %0 %i %U $r %l %] !< %H $J $I $G ;H $( $k $h $& $K %U %! %$ %k$KJ]B8 $9$k $K$O !" I=<( $5$l $?%& %$%s %I%& $N%a %K %e!<%\%?%s $N [ %U %! 14

%$%k ] "* [ %(%/%9 %] !< %H@_ Dj ] "* !V %(%/ %9%] !< %H !W $r A*Br $7 $^ $9 !# %G !< %?$rJ]B8$9 $k:]$N L>A0$H %U %! %$%k$N<oN‘ (eps 7A<0 !" jpg 7A<0 ) $rF~$l $F [ J] B8 ] %\ %? %s $r %/ %j%C%/ $9 $k $H ;X Dj $7 $? 7A <0 $G %0 %i %U $, J] B8 $5 $l $^$9 !# 13 1 <+M3EY?6F07O$N%7%_ %e %l!<%7%g%s ?^ 1 $K<( $9 $h $& $J #1 <+ M3 EY ?6 F0 7O $r 9M $( $k !# $3 $3 $G !" <V NX $O M} A[ E* $J $b $N $G !" K‘;$ $J $I $J 0l @Z $J $$$H $7 !" H"$N <A NL $r M , %@ %s %Q !< $N G4 @- $r D , %P%M $N %P%M Dj?t $r K $H $9$k !# $^$? !" H"$N D‘$j 9g $$$N 0L CV$+ $i$NJQ0\$r y $H$7 !" H"$K30NO f $,F/$$$F$$$k$b$N$H$9$k !# ?^ 1: #1<+M3EY?6F07O$N%b%G%k $3$N7O$N1?F0J}Dx<0$O M � y ( t ) + D _ y ( t ) + K y ( t ) = f ( t ) ; _ y (0) = _ y 0 ; y (0) = y 0 (3) $H$J$k !# :# !" $3$N%7%9%F%‘$KBP$7$F>uBVNL$r x 1 = y ; x 2 = _ y ; u = f ! x = 2 6 4 x 1 x 2 3 7 5 (4) 15

$H$7$F>uBVJ}Dx<0$r5a$a$k$H _ x ( t ) = 2 6 4 0 1 � K M � D M 3 7 5 x ( t ) + 2 6 4 0 1 M 3 7 5 u ( t ) (5) $H$J$k !# $3 $N >u BV J} Dx <0 $r I= $9 M %U %! %$ %k $r 5- =R $9 $k $H <! $N $h $& $K $J $k!# $? $@$7 !" u $O u ( t ) = Gsin ( omeg at ) (6) $GM? $( $i $l $k $b $N $H $7 !" G $O F~ NO $N ?6 I} !" omeg a $O3Q <~ GH ?t $G $" $k!# ’ & $ % function dx = f(t, x) global M D K global omega G % Differential equation of mass-dumper-sprint system % omega and G should be defined beforehand as global %variables. u = G * sin(omega * t); dx =[x(2,1); inv(M)*(-K*x(1,1) - D*x(2,1) + 1*u)]; $3 $N M %U %! %$ %k $r f.m $H $9 $k $H !" $3 $N M %U %! %$ %k $r Mx MQ $7 $F _ y (0) = 0 ; y (0) = 1 $+$i$N<+M3 1~Ez$r;~9o 0 IC $+$i 10 IC$^$G 7W;;$9$k%W %m%0 %i%‘ $O<!$N$h $&$K$J$k !# $?$@$7 !" M = 1 : 0 ; D = 0 : 5 ; K = 4 : 0 $H $7$F $"$k !# 16

’ & $ % global M D K global omega G M = 1.0; D = 0.5; K = 4.0; omega = 0.0; G = 0.0; [t, x] = ode45(’f’, [0.0 10.0], [1.0; 0.0]); $3 $l $K $h $j 7W ;; $5 $l $? ;~ 9o $H $= $N $H $- $N >u BV %Y %/ %H %k $, $= $l $> $l 9T Ns t $H x $K7W ;; $5$l $k !# $3$N7k2L $r 2#<4 $r ;~9o !" =D<4$r x 1 $K $7 $F%W %m%C%H$9$k$K$O !" � � � � plot(t, x(:,1), ’-’); grid on; $H$9$l$P$h$$ !# 7k2L$O<!$N$h$&$J%0%i%U$H$J$k !# 17

$^$? !" >uBV6u4V$G$N50F;$r2#<4$r x 1 !" =D<4$r x 2 $H$7$FIA$/$K$O � � � � plot(x(:,1), x(:,2),’-’); grid on; $H$9$l$P$h$$ !# 7k2L$O<!$N$h$&$K$J$j$^$9 !# 18

0J >e $O <+ M3 1~ Ez $N 7k 2L $G $9 $, !" 6/ @) ?6 F0 $N 1~ Ez $O !" Nc $( $P omeg a = 4 : 0 ; G = 1 : 0 $H$9 $k $H !" F1 $8 =i 4| >u BV $+ $i $N 1~ Ez $O <! $N $h $& $K 7W ;; $5 $l$^$9 !# $3$N:] !" x 1 $H u $rF1$8%0%i%U$KI=<($9$k%W%m%0%i%‘$O<!$N $h$&$K$J$j$^$9 !# 19

’ & $ % global M D K global omega G M = 1.0; D = 0.5; K = 4.0; omega = 4.0; G = 1.0; [t, x] = ode45(’f’, [0.0 10.0], [1.0; 0.0]); u = G*sin(omega * t); plot(t, x(:,1), ’*’, t , u, ’-’); xlabel(’time [sec]’); ylabel(’x1,u’); legend(’x1’,’u’); grid on; $3 $N %W %m %0 %i %‘ $G $O !" 7W ;; $H I= <( $r F1 ;~ $K 9T $o $; $F $$ $^ $9 !# $5 $i $K !" t $KJ]B8 $5$l $? ;~9o $N F~NO $r7W ;; $9$k $?$a $K u = G*sin(omega *t) $r o de45 $N 8e $K 7W ;; $7 $F $$ $k $3 $H $K Cm 0U $7 $F 2< $5 $$!# $^ $? !" Fs $D $N ?. 9f $r F1 0l $N %0 %i %U $K I= <( $7 $F $$ $k $? $a !" x 1 $r ’*’ $G !" u $r <B @~ $G I= <( $7 !" $=$N6hJL$r legend 4X?t$GI=<($7$F$$$^$9 !# 20 21 14 2]Bj 1-1 ?^ 2 $N$h$&$J#2<+M3EY?6F07O$K4X$7$F !" <!$N@_Ld$KEz$($h !# ?^ 2: #2<+M3EY?6F07O 1. >uBVJQ?t$r x 1 = y 1 ; x 2 = y 2 ; x 3 = _ y 1 x 4 = _ y 2 $H $7 $F !" $3 $N %7 %9 %F %‘ $N >u BV J} Dx <0 $H =P NO J} Dx <0 $r 5a $a $h!# $? $@ $7 !" F~NO$O f $G !" =PNO$O y $H$9$k !# 2. M 1 = 1 : 0 ; M 2 = 0 : 5 ; D 1 = 0 : 01 ; D 2 = 0 : 001 ; K 1 = 4 : 0 ; K 2 = 10 : 0 $H$7$F<!$N1~Ez$r%0%i%U$K$7$J$5$$ !# (a) x 1 (0) = 1 : 0 ; x 2 (0) = 1 : 0 ; x 3 (0) = 0 : 0 ; x 4 (0) = 0 : 0, f ( t ) = 0 $H $7$F;~ 9o 0 IC$+$i 10 IC$^ $G$N1~Ez$r5a$a !" ( x 1 ; x 3 ) $N0LAjJ? LL$G$N50@W$rI=<($7$J$5$$ !# (b) x 1 (0) = 0 : 0 ; x 2 (0) = 0 : 0 ; x 3 (0) = 0 : 0 ; x 4 (0) = 0 : 0 !" f ( t ) = 2 : 0 sin (4 : 0 t ) $H$7 $? 6/ @) ?6 F0 $N 2r $r ;~ 9o 0 $+ $i 10 IC $^ $G 5a $a !" ;~9o$H y ; u $N4X78$r#1$D$N%0%i%U$KI=<($7$J$5$$ !# 22

[Ex. 1-1] Let assume a 2 d.o.f.(degree of freedom) system sho wn in Fig. 2 and answ er the follo wing questions. 1. De�ning states of the system as x 1 = y 1 ; x 2 = y 2 ; x 3 = _ y 1 x 4 = _ y 2 ; express the state equation and output equation of the system using the state v ariables when w e assume that the input for the system is f and the output is y . 2. When M 1 = 1 : 0 ; M 2 = 0 : 5 ; D 1 = 0 : 01 ; D 2 = 0 : 001 ; K 1 = 4 : 0 ; K 2 = 10 : 0, sim ulate the system b eha vior and sho w the plot of the resp onses under the follo wing conditions: (a) Setting x 1 (0) = 1 : 0 ; x 2 (0) = 1 : 0 ; x 3 (0) = 0 : 0 ; x 4 (0) = 0 : 0,and f ( t ) = 0, calculate the solution of the dynamic equation with- out an external input from 0[sec] to 10 [sec], and plot the tra jectory in a phase plain of ( x 1 ; x 3 ). (b) Setting x 1 (0) = 0 : 0 ; x 2 (0) = 0 : 0 ; x 3 (0) = 0 : 0 ; x 4 (0) = 0 : 0 !" and f ( t ) = 2 : 0 sin (4 : 0 t ), calculate the solution with the ex- ternal input from 0[sec] to 10 [sec], and sho w the resp onses of y and u in a same graph whose horizon tal axis is time, t , and whose v eritcal v alue is y ( t ) or u ( t ). 23