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W1. (7=zr 1, KAIKATH)
(@) P651, A.I3, PART 1+ sSHow THar IF A IS nxn, b i nxt > C 3 ixn AND o

is 4 SCALAR ., THEN

SHOW = @eme ef Asnxn , b:nxt , crixn owel o s a scalor ,

It Js easy A0 3ee tThodt

C(I-A)"ob+ol = IXnxnxnxnx|+ x| = x| s a scalor.

Se
det [c(SI-A) "o +dT=CEI-A)"b+ok ~.ven o

Now , observe thot

RSP S S st [ S
—¢ 1 d

si—A;o T! 0 [ 1 4 :O [I:
:**—r‘"*v'ww- Tl e e e : ————— ‘ —

L =4l
O 1d+c(ST-A"p) (~[d+c(sI-A '] ¢

[sI——A ; b}_[SI-A; 0 [ L | (sI-A'b

N’

Kecall shat ahe HLeterminemt of #he prodluct _of spuome metrices _is
eyl Ao Ahe product 7" Ahe oletermiinents of each matrix.

And_he Loterminerd: of a triavgular metrix is_epual Ao _he

]zzbcéitcf_r ofﬁ;fhe__ro&?eno_:f elements . So, that

det {_SIE'ZAV jll]: det (eT-A) - det [d+c(sI-A)"'b]
-¢ i

= olet (SL-A) -[e(sI-A)"'b+d ] { Eg.(0> above |

END OF SHOW. \/
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(k)

PART 2: IF G()y=c(SL—A)'b . sHow THAT WE can wWRITE

det(sT—A+bec)=det (esI—A)
et (gsIL- A)

Gs)y=

SHOW &
det (sI—A) [GeO+1]
=det (sI-A)-(c(8I-A"'pb+1]
, sI-A | b
= det |- = — 7 1— C Appliect the result from Part 1 )
=< 7
(sT-MA)tbkc ! b £ 0
e [TEEELLE L2
0 e L= v 2 )
= det (sL-A+ bc)
THAT IS ,
det (sT-A)-[acg)+1J=det (8T ~A+bc)
Thevefore
¥ c{et(sI-AH;c%det(sI—/-\)
G = det (eI- A)
END OF SHOW!
Pest , A.20% LET A bhe a nornsin matrix . let w and y be colwmn

matrices, anol asgwne Ahat A+ VYV’ s ’)zen&-‘infuw, Ver{fy Hhat”

an=i L weq . | CATVRICHIA™
LATS % I+ /AL

SHOW ON NEXT PAGE .

V]




Sumesnh sef Ao | EESON , JINEAR SYSTEMS Lermel Chen

VA
agm

NATIONAL

SHOW = For shis /oow:h‘culq/r' /'nob/em ., W€ can assume

Ay Cuz ~~+ CGin
A—‘.___ A2y Q22 ~~~ Qoan

(A s aonsinguler)

\

Bt | Blne. < Cin )

‘(u-l Vi :"‘f
‘ 1w i
U= :l:lz ) V= ‘L j‘g
! '
[~ S ' 4
{ \v
WUny iy ¥
fg{‘
“Then (a" 6 o f s
= .
A MU’-§QZ| Az ~~ am y | e (V\ Vo ~vUn)
{avu a‘h‘l_ = a‘r‘fv\ '{ u’“

= | Qa (/(1+C(z.z}(7,+‘“+aznun | (Ui, Ve === VUn)
| 3 |
LQM Wit Onelle+ > £ B}
" n

V- %}allub Vz Ea 3= Vn‘tzz‘a\t /RN
V: o ﬁ' CLZLU,,_ Vz - :Z:'C{ G Un‘% azt Ui

“’Ul ia—%\vuv E_; nt U i Vn ?i:, Ant Uy )
=Xk . k=02, ~-s ,n , S0 hoot

Vit Vaoty s~~~ UnXr Vi =y VeXy s Vi
<] ity Ve - Vwo(-L}

Al u,v;?q"-, Wwr’= | e VaXa st \uXp

! . b \ N . ) ! f
V‘O(V\ Vz [ &N B 1 VV\D(.VI t VIO(W V»ZD(V\ A Vho(vv'

( i X n £
Vist, l_z__'VrO(r Voex KZ-‘d Ve Xy ~. . Vi, * 2= Vy Xy

)
~. VmNz:‘g'Vy~°(Y

3
S

-

VIO(z%VrOCY VZO(L h%l V’r > e s

v
3

N 4 A 2
NV K yp Y£=| Vvt Vet §'VY°(Y T s Un X :(: Vv Xy
R =t ]

( Vi Vz oy s~ Vaxxy S
= VI\D(Z Ve S Vn\*l ! i Vsl +
¥ L Bk b L
CWistn vestn - Vot
i
¥
=y

(Atuv)- (Vi v v Un) | 5%

CONT. NEBXT PpPAGE
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e
~
NationaL

#1 e (conT )
Al + Qe Ua + o4 G U 1

rd

(A-lay’ )y ¥/ - | G+ Gtz +€‘;‘;ﬂ Ctan Un

Oni i+ Apetle + 4 Gt

-

}{‘~\an 28
Qe ~-- QAazy ' l:[L

N

Cune E‘*an S l:lnj

I AW AT MY, = AT w i AT W) e a2

s s
yw/ /@eok at ( eince V/ATtl s 1xnx nxnxnx|=Ix ’s e gac«_ﬂaur');

el 0 ’ '
A u ‘ATD \)‘(/: 2] Yo e MMIM}J‘:‘T / ’

I+ Y/A-
% u 23 hq”‘é’i’;r ‘ i
1 D
= T 4 A ATluy!  Aey’ Ay’
P P I+V/ AU 1+ VAT
g r = {
= (A S A=ilse N — s ik et &
A = A A e A At ,’!",1"4"",11"1
\ . . L
B T 4+ 1+VT"LL ]: /A| ! vaCV' ™ 'p\) ,A‘ ',,{,,"A";:;:/]

[O_J[ > (Applie L )_M,.

Sinee A+ uy’ s nansinfu.(cw‘ £ Ms exse o See |

(Aew) WW/ATY
I+ v/ATT e RED!

(A+ov)™ = A7 —

Lr. Hsew , /olease gwe me a s;m/a/e methoel o shew thes Jrvohlep .

z rea_ély Hon't fnoww hesw Ao olo it hao‘ep.eb; weoet |

Ve

ﬂ e




Homewerk set Mol 1 EEBDt , LINSAR SYSTEM | Bermer Chen 5.

(c) Peb6,A.22.PARTR: IF A sxiste, show that

(A D}_l__[A”-f»EA“F ‘EA"l
lc 8 o i M

Where A=B—CA'D, E=ATD , cveal F=CA™". Show sthoct f B! oxisAs,
Ahe €1, 1) block element % the sneverce n alse be written as

L‘A—DB“'C]-'_ A ie 'ﬁzwwn as #Hhe schior ea-rv‘v/a/emm?‘”ojf 4

SHOW = From A.22 . PRud [ ff AT, BT exist, we Aowe

O £ (2 ]
< B -Bca B ©c R {0 R

L 2 )
D(d\(\/ Now we rewnite , ( Becouse A7 exists)
- |5Q‘ Q ,_E\
K/N . Y\ < [ A 'D]:I’ A 0 ][ T A"D]
5 G| F C BJlc &ailo 1

y}ﬂ » A D Yw/

% { &/ Tn Sthis /mrvﬁ/entg we fowe Ao assum Sthat IC' Bl g nomsin?wfwr.

: 3@ Se aec A=B —-cAID must pe na:nsb?u(ar- (O(/wase Sthe metipX

)

A © ok y 1’ T A"D\‘ ‘
mu e B eurr - i 2 3
(C I%~CA"D] myu—( o Lo 1 S a triomgulonr

;

< ~ | A D
(/) e ATIX poitth Ahe o%twgcmai elemwwte O]C 178, {C B] flowe Ao be S\)wa,ulpv{)
Se,
A DT} |'I E}" [/'\ O 3t
< B] BERES IR A]
' i3 g AT 0 AT'+EA'E  -EAY
\/ Coppliedt ep.cnr) :I ] ]:
L0 I SACA™ AT — AR A QED!

R

IF R exisAs, e com A= /l -DB™'C

[I 07 [A" —A"DB"'I: AT mameT
0] g™ et Bica bR+ R | GED
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#2 . (TBXTA. PI74, 25~12)

SHOW #that an &maéarlg;v? continus - Arme realizaticorr wWith & pilecewise eevw?aut)wy;w‘f,
KEI=AXD + but) y=cxXCt) , WD =We , KASES(K+DA
meuy be replacesl By the oliccrete —time Systes

K = B F M, Y =C X

where
Y =§(kA) Xk = Xk
T=exp Aa , [=["cep Ardolr b
A T o flxeél &W‘f"":"‘ﬁ wxerual |
Sticw: From #he  cpuation X)) =AAD+ BU®) , we Aave she solition For xet)
Fit Y= A e+ j: e ML werode -

Let S= &A b oawel = ('&’FI)A , where A is a fixedl S‘My&é\:‘,\\j Pteryel

el musd &a/‘h‘sfef #ﬂe Sa/n/f[»mj sthecrvy . o .

ka+a AlRA+A~T)

bueeydT - P
ka ‘

X(ka+ A)D = CAA 5 cha)+

g}nce Atee. Bp/qu;t— wet) ‘e 'b‘leoe,w‘u:e congtent

WeH) =W Ka s+ < ththha

7119 eﬁmtaﬁ 1) Lo orsmbia p

AA KA*A Acka +a-2)
xXkat+a)=¢€ xdmﬁfm QA dt «b - Uk

= eAA x(ka) + S:e AT q “b- Uk
Thus , Xigr = & A + M Uk
Y= YCka+a)= CXhAa+a) =CXk

Se, we have mew hecrere-time gystem,

X1 = BXed+ MUk , Ye=CcXx ED!
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TS 5 SQUARE
TS 5 SQUARE
TS 5 SQUARE

e

ol
A
nationac

H3.

(TEXT 2 , Pe8 , 2-46)
Considler the matrix Wtb??,
PEP +DP +PF +G=0  ------ W
where all matrices ave nxn consfant metrces . It is ocalleol ar al#e/a?a?c

R :ccat: eﬁuadcm Defh-ze,

G D
Let
T [ Qu &z}
\&s Q4
Consist ?" all g,ene,mk&eoé e/f?enuedcrs 7” M go shat R 'MA=T ie m

a  JTordlan canonical ]%v*m/ We omte

[~1: —EH&, Q. _{&; &ZHT. 01
G DBz B4 |GR:Q4 O Tl
Shew theut tf G is mmniu(af, then P=Q3Q., " is a soclution ‘f the

/e.‘c cat Wam ;

SHOW= Becauwse @7' s ms?ngu(cvr“, cmol f-mm Ahe yosmdis Aheot

we sShoweol m #1 cc>

[&, Qzl —l_l'aru- Q'Q. A - Q%@:‘I - @JrIQZ A~ ‘{
A3z Ba CoAT] @-3@:‘ e

where A= &4 “&3@;_‘&,2- 'é—' @i~ ﬁ&z 5 ‘|5 = A3 @u—‘

. [Qr'm'ﬂ@’&‘ 2 “&f'@z,A"N—F EM a @f}“ 719)
R'MAa = N | l
— A A+ @ pllGsad lo 3
Q' +Qi'e: AP Qe A" [“Fale@s - “Fe-"EB4 ] [T O]
= \j " |
TP A" 4 LGETDR: GE.tDa4 (& =)

C CONT. NEXT pA(ﬁE.)
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Wﬁm
Ay
nariana

( GONT. )

| A" BFOLTER2) T A7(68 DAL | X3

AP (FaL+EQ)T AN (6a+Da:) =0
BFeu+ PEB:+GE.+ DAs =0
A?ai,n., since (@&, is W&Wi%(c‘;r"/

O =(PFra.+ PEG2+GA(+D&: )ES
= PF+PER:QT+G+ DR AT

(P20:87) O F(RANE(RsAT)+ P(As@) + (Bs@TDF+G -

v

Cem/)c\me Fhe eﬁuav‘f‘Con (2> Ao 1> on #he /Vre'/wug /9078 > we fwwe Jred |

P=@Q:@,~"' is a sclution 7" the egucatiern cty, QED
#4 . Given system
XY= A X(t)+ BuLtd X=X,
g 4 .8 © o ]
A=l O -a, —Qz 0 B= b|!
o Oie | ! 0
lo as as 0 \mhe)

Determine the  fellowing

(@) lA’ y A"‘ s lt(A) s =iz s 3 4

0 —-a2 O
+2
|A[=1t- =1 |0 @, 1| =0 "o
°O Q4 O
[o (1o ay=
|
Nt O =Q '—a
A —;__,1:%_19 deee net exist , becaunze |a|=0
;OO! o |
O Q3 Qa0
_7\‘ . 2 D Atoh Q= O| |0 @z O]
PI-A=|0 ata @ Of=2| o A -t|+|o ‘n =i
0 U -0y —-Qa A _
0 -0z @& X 1 i i

T0 RBE CC
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SQUARE
SQUARE
SQUARE

ey
Vo
A

CONT. S II-Al=E A zoara)t@.az — as(At+a, Y]

= A (AT N - C(4_7k+az&s‘aﬁa4ﬂ)

ket  a=id(-3as-a’> . b=%7'(2a13+7ana4+27azas—27a«a¢>

AND L

] L e
A= 'f*ﬁi‘*'ﬁ rB= et

From formelerssn  CRC Henolbooh of Mothematical Sceience , we fave

(e 8 -B a —_ =
=07 ke At HF s Aa=t— AR L AR e B =-T8 - GE

(b) g = ¥ oo
|
= ) (@)
ST =AY~ e e
i(D ®—1S1
i
Lo =i (=g SJ
~a ST =i va [TS —i NQ[O O] aa (85 O]
a A [o Sfaa}’ -0q s] 2 STLE et o v {ou, o
A/—|_ | eeay | ]
T ss+Haw o g
AT | (o} (®) Igfa. \][O o}/
DR ) = - sSe+Q,)
ASB-EATD {—ms] [o *aj A e
EacEE -
= L;“' A4 S+a-03-Gi10a
S+ S
S T
A= Sk Qi .| GaSH A de - Ay ]
S+ ST -as S+ A0 ~0i Oa Bt 0y N
Qz
~oan i | Ol .. .
E& A'D= rsgm%}[ai 8]/&(g+a.> = {S O]' scs+ay)
A A~V il (o] Sta l] | :FO © . (683
F . CA i l\ © —~Q$§[ o < /t:(%'('a\) g\ 0 — I sS+O;
L ] ¢ f
et B NGELH) . a=0 3 ]
ATEAF= 'y SS+A(SP+ 083 AaS+A:A2-AA4) (S ©
O ==

S G341 LuE*-04S — QG4
{ S | S tan(8Has*aas +a:03-00a)

—_ — - . — m gy il T e

S+ % —aat —autry

|
O (St ou) (St = adSta:az-aaa).

i
1

{

S

0aStaila=0A2

St+Q
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S !
. - — - Az ) (6] ]_ SHAQg ,’ = —0La
EA S(s+00) {\8 o gsz«'&zvazp: +a:03—Cad \Qd— ‘(‘Cigtafa,_,'&”}; L
N e e
= 2 +a R -a4s ta0s - 0a SCS¥+a18*—qaS +aQ1—010a)
é — Q=S — [
S 8% tays?—qal +Ra-atid 83+ S —aqastlaz-aaq )
( S | © o Qs
= A B — st+a. aeS tanaa-0.az i} i
A1 S+ s=aqa S Ha03~r A4\ $'+C(|Lm S o - e
O Qs
Egg — 8% + 8> —As% +Q8z -4
555 BEtast —aat tawmy-aiaa )
kel Now , apply #he vesulre we showeol i #1.Cc), we hove
@
s
%g@ l' AP
L4 - Pd
. sI-A)'= le ®
A= +EA'F - -EA™!
~AF A‘!
-
~— r_l__ | SE+AiStass-aag | S —QR= —Q=
S SGHan(e+AS -0t A0y —aQa) | SP+AS-R4SH03 ~Ada | (S Has-qasta0p-aag)
‘ |
P U L U S S PR I B 1 | S LR SR i
0 e*+aigr-aes —a. a4 - -Q:S —Qe
Ceta)(s*+aS=ass +0.a,-0y) | 83 + Q18> —AaasS+0:A3—\Ag 83 ta s —a42+0:20; -0:Qd
N R U N [ e bt r R AR =
i l
o asz a g Cstar) ' SO
i S$+Q(SZ_,CQ¢S +C(LC(;~Q|QQ_ | Sg*’@!‘&l-»aa;S'FQzQ;-a.Qa : 85+a\%‘-a4$+aﬂ;~cua¢
PR - . [ L DS et i v
o4 &3S | Q4R +ai0g -2tz | S(s+a,)
§ | g;_%a‘gz,_adg_{,azas-q,m“ SS+O.gz_a4z+aza5~a‘Q4! S +S?—aasta-Aaa
/
() Ol o O @ | O o 0 @ -Gz O
A1=- O —@:0z O ) O - -az O — 0] alz Q0. —Qz
| & o9 ! | }* o 6 O | Q Qs a4 O
\0 A504 0] Lo az Qq 0 L0 ~Qsz —00 A4
O -a, —a. O ] 0 I 0 O) 0 Q"- QUiCLz bz ]
A= O aF 2 -Q: O - =020 |_ | 0 -a>-00s —0TRq  Aifla |
I I
() Qs aa O J @_ o o ! [ O —-aQz -az%4 U
| . 3
{0 -0z 003 Qe O Gz (Oq¢ O L O afQstaae Maztdd  —gkas )
N—
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. At ~ Aztl A%té
2 C™ = I+ Aty S+ % \
> 1 2
1t -fat*+ Faftd Lat*+da az*c3 —fa=t
— | 0 I—at+iBt—fOHat® -t +iact™Larraatt Jat*rgaet’
o tast*-§ aasts Tt~ -é-azaq,ts ¥ +2’_a¢t3
O Qst-taast Latraat’ Aat-300:t % famat®t 1+iaot® Lt

: 2T, WA G2T3 % 3:4 __QaTf
T ; S Zg + 27 PY
T a2, OFT3 @Haa9T* azrz alazTS QefattaaT*  _GT2, a@T*
Jo eftyr = |0 T-F+ g% & =73 Z Y31
! Q:T2  aasT4 QaT> _ 0:0aT¢ T2 i
0 & _agTe  r.apsgm g
‘ Az T2 QT3 & AT RT3 (aqe 4 3
0 ST _aaT, seftt o' 0T, npaed ™ | ar apr
1Y)
(® =(B ., A, p2R, ABR]
oV 5 orp [ by
AB: O.—a' -0z O 3 b' = | =ib:
{0 as: aa o) L“sz ‘iasb\)‘
( & —& -0z ) O ~Qib,
A2B=| O Q° @l Q|| by |_ athit0zbz
C Qs a4 O | ; . Azl 1
L O —-0: -003 C(4—,L b’J L~a~asbr~a¢b1)
O Q* Gz \[ aﬂ;wazbz 1
pBR=| 0 -a3-a.as AR Ae04 Qe ~03bi- Q202 bj-a.0zk,
{ =
O ~0iQ&s3 -A:04 ! i g ~i0zb) —Q4by
0 afast0e auqeng +a§; ,QZQJ {=ba) "OiOGzb+0s04ky-Aeish,
N
10 b ~(ibr Qb t0zb2
bl -Qiby b tazb= -0®bi—0z0zbi—Qilzb=2

. C 0 -b2 Qs b ~Q0shi — Qb \/

—bz As by ~Qlsbi—0gbz A OsbitAz0abi—q=Azbz
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J.
A
.

1. (TEXT 1. KAILATH. P76 2.2-20)  INVERSE OF A REAWZATION
a. If $A.b, c,d3. d#0, s a realization with H()=ol+ ¢ (sI-A)"'k.
Chow that § A= (bc/el), b/ol, —C/cl. V] is a vealization for o system with

*mm:fem functien 1/ H(S)

SHOW:  FROM THE GIVENS , WE HAVE TO KNOW THE SYSTEMS MUST BE 'S1S0';

OTHERWIRE , D/ol  owol  V/esy ARE MEANINGLESS. HOWEVER, WE CAN
TREAT H(s) AR A Ix| MATRIX. SO, Vhcsy =[HS)]T!, APPLY THE

RESULT A.2( ON PAGE 656 IN TEXT 1 , WE HAVE

e — AN =11
= [+ e GT-AY 6]

= [+ cT-p )]
= Yy [1- CesT-A+(2)c) " (H)] (A-21)

=t ) 0sI-(a -] e

FROM THE EQUATION ABOURE , IT IS EASY TO SEFE THE SYSTEM HAS A

REALLZATION , 3A=(oC/d), Yol , =</, Vol 3 - Q.E.P.

b. T we are given §A,b, o3, d#0. shew that the zevos of c(SL-AY"b +ol

can be eemf:wteoﬁ as -the e,tge/nva,wes Gf'bhe medtvix A —bol'C .

SHOW:  FROmM THE FoRM  C(SI-A)'btol , WE kNow A IS A SQUARE MATRIX |
So 1@ T™HE A =bd™'c , RECALLED THE RESOULTR IN"THE |ECTURE ON

SEP. 22, 1987 , WE HAUE

- 0 R
(SI-A+hd'c) ™ = & soax
WHERE At , i=tL2,--,n IS THE e.. 051 MATRIX A—bd™'¢

TO RE CONT.
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1. b. (coNTD)
FROM THE RESULTS IN PART @& . Ay, i=1,2,...,n ASO IS THE POLE' OF STSTEM

I/HCs). THUS ., Ar, 1=z, .. n, MUST RE THE ZERO OF H(S). Q.E.D.

[ e = T+ )T -Arbdre] 2

ATy - Cok"[él\k‘v‘;l;(s‘ls)]\bd“ ]
L CS=ADCST—AZ) ~~~ LS—= A wnd

C. Show alse that the zevos can be eomputred iobc solv?rng, +the %Qhev“mz-en[' e.u

preblem

QAE-P)Pp =0

where
R _[A -b
- [O oj' d lc —dJ

BHO PSS Y,
AE L :[7\1' O‘} “[ 1:{
o o) le -4 L

APPLY THE RESULT oF Al (2) ON P 65O , TEXT 1, WE GET

IF. d#0 , ’AE~F|=GQQ£*{7\I_A bl

-c d

— ol <det[ AT-ArbdT'c] =0

clet [AL - (A-bd"Ic)] =0 | / ‘
e A IS THE €.W. OF MATRIX A-bol-'C
FRom PART b, WE KMOW A IS ALSO THE ZERO OF SYSTEM .
IF d=0 , TIT HAS REEN sHowN FROM EQ. (21) TO (22) ON PAGE 448 IN TEXT 1.

Q&-E.D.
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2. (TBXT 1, KAILATH PR 2.3 -24) SECOND -ORDER VECTOR DIFFERENTIAL EQUATIONG
7o amalgze &ysfeon& weth  Small o@am»fsrnf it g 7"1—% ceonvenient H© «USe€

cets 70 cowplec| cecon ol—orlen eprattons (ef. n vibyoteon ool corewit— adal ) :

X4+DX+Kx=Guw

Where x=an m-vector ‘f 3emqma£tzeo‘l coorndinates ool U= e m-vector
@f contyrel varicbleg .
A For a cemscervative systert withewt ggroSCopic cewplme . D=0,
anol K s gy rnmedric . Shew thet +he e (7F sueh a Systens
©eccuyr /:a,cws te or tjw. wheve 67 w ame rexl comstonds,

ond Hhe E.V.2 one ew[-ko?enaﬂ A0 cach other |

SHOW = D=0 , 20,
x4+ Kx=GU

LS- Xl=)’( P Xe= X

§>'<‘='9{= —KX+GQU = —K X2+ QU
').(z'; 7.( = X

REWRITE THE E@UATIONS AR

B)=( 28R (Hw o (85 s amean

NOW, WE ARE ARLE TO COMPUTE THE e«w.s ©ofF THE SYSTEM

_ o -K o el
det [ AIzn (Ih " )] =0 , A 18 THE e,V oF (In O)
= C(E'(”I/ 7\In K } ( Al (2> ©W P,GSO)
LT In 7¥In ’

= det [AL,] det [ATn+ Tn(ATn) K]

= A" -det [ATa+ K] ( et (cp) = olet K)
(TO BE CoNT.)




| |

Stomewonk  set-  NO:2 l EEB, LINEAR S&YSTEMS ] B /germm G/e'n» e

HEETS 5 SQUARE
SHEETS 5 SQUARE
HEETS 5 SQUARE

S

- @M
]
NaTionaL

2. (@ (CONT)
_[0 -K
det[ATn - (S, 75D
= Nolet (AL, + AT'K]

SINCE K 1S SYmmETRIC » FROM THEOREM E-4 IN TEXT 2 CCHEND, WE KNOW|:

ey EXIST A NonswNeULAR MATRIX P . PT'KP = A, where A VS A

DIAGONAL MATRIX , witH REAL ELEWENTS IN THE DIAGONAL_ . SO,

det !-7\.1.171 ~f %,-g )]

—=olet (p~y-det [T, + K | detp)
= olet J7°P'T, P + PT'KP]

= ole¥ [ AT AT
e ~
= O('E‘(Z 7\2’_‘,&2~ O
O = hl"‘kn )s
= W+kOAZ+ R (AR W)
oA WE HAVE

7LI) Anet :;/‘kc érg y A &L > O

7\i; 7\,‘“—1 = 1—5’&;’ é -JU\) s IF ki, < O z/

FOR =1, Zz, ~~., N
LIET  Ai* Ay . AP P By ARE THE E.W.s ASSOCIATED TO At AND A

SEPARATELY .  ACCORDING THE DEFINITON,

gn —OK) P: — AP , NP = P/ (_O prd ) =Pc/(_?< €h>

)
(% SIP =P apr=0 (8 O
I, © 9 3Ty iy =Tt Lk o

TO BE CENT.
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7/
o B

DR. H8Ux

IN HOMEWORK SET 2 .

IN ORDER TO SHow THE

FOLLOWIN G ¢

THEN
NEP = A (AaPyd= 2[R
= Rabts (B L))
/ 0} Iy! IY\
Pe =K. 0)( o)
L Bl =K ()
=Phleo -k
O —
NP =N (A5P;) =N ( Ty
)
i kg
¥ (o ~|<)'P?r
;=R G i
80,  AEPCPy= P (o )Py =P
So (RS- PR =
IV A+ A THEN PPy =o
DR. HSU, MAY T HAVE MY HOMEWORK CORRECTED ?

PROBREM 2 . PART (a) ( pree

EIGENVECTORE ARE ORTHOGONAL. ,

ACCORDING THE DEFINITION:

o ”“)PlznP; , b= P:

In ©

(2. 76) Pe=2sp;

4 =5 [N MY HOMEWORK SORUTIOND

I THINK T HAVE TO SHow AS

O In

OIn‘_ >
(- i s

=k IO

0 In):[

= (2.8 ) MNP

A P= A BB

TREY ARE ORTHOGONA ko |

THANK@ A LOT!.

if Beume: CHiV
% mém/l??;m { TUSSDAY).




Peomework _set  AD:2 l EE 501, LINEAR SYSTEMS Benme:  Clhen

TS 5 SQUARE
TS 5 SQUARE
TS 5 SQUARE

EE
EE
EE

TIL

.&
B
nNAaTIONAL

2(d), CCONT.)

s AEPIP =P R =R (S (S OB

~ (- P

SINCE P. #£6© ., WE HAE
/4 IV) o Z & In O .
7&12PL/=P-:(0 Kz) 5 AL P;—(O Kz)ﬂ
MTH SAME REASON,

In b — fIn ©O
Ay Py =P i (o K) F 7\‘2'}5”(0 Ka-)Pé’
. 7&:?'?3,/\’&: P’ ('E)" EZ)PJ =P/ NPy =g PQP@,
5 (A= ) PPy =0

A TF ArE=—A; , THEN a7 7\,( #O0 | THUS P;’hPszo

B. IF  At=-2Aj; »0 ComeRise A:=2;), (57 ({) be Ev. asmecwtes weth N ;

LR @) > GRSy e {5

- KS\ 7‘,3’ PR e irlh QISR L, UF"}
e (2, S)(E)- () <(Tad)=(8)=n (%) Ot

() IS E.V. ASSOCIATED witH A =-A:.
Crc‘./ SQ’) ('2:_) = T;/‘Y;“St/g:, :WLZ‘S‘:SC —§Q/§C = (%i__‘)sls 8?1

@ IF Ar =2 THEN THE EVeg of A, A; ARE ORTHOGONAL. .

® IF N:#1Il . WE ASUME A parniculAR K=-4 , TueN
dev (X H)=2-a =0 = A=z =2
AND (f‘) omel (_%) ARE E..g ASSOCIATED WITH X =2 onok 2oE2, QEPEPAT‘ELT_

: 2
3)V(Z)=@1y(5)=+3£0  NOT ORTHOGONAL !

b)  JFor a censervative S’ysi‘emr with ggmg’oo/o?c cc(,e/pz ;‘»nj , D s am:a‘;sym@fric
G.e, PTE-D), o] K ngn@frac. Shew sthat sthe etgenw»&@eg 9][ Sueh

a s(ys-}@m oure Locoteol {symme;tﬂcw&éy absut both the real & W“'ﬂa”f‘d‘ axes .

SHOow OnN NEXT PAGE !



501 2.0(k) [

e N

g
~
nartionar

2(0)  (conT.)

Stow GIVENS PT=-D . KT =K

X+DX+ KX =G u

i
>eo

LET X > Kz =X
S, % T XS -DX~KX +G@u= —DX;—KXz + Gu
722:;( =X,

o =T PR

IF A s a €Y. of THE STSTEM , THEN

1N ALntD | K ] o
- hIy\ 7\1“, N
= A\ det [ATn+D+KATnTa] CA 1L oON TEXTA)

= det (A2Tht+ AD+K]
= olet [A>Tu+ A-D+KIT ( det A =det A7)
= olet [T, +A-D' + K]
= det (AT, ~A-D + K |

=0

= et [ (-)* Tn+ (~A)D + K] = det
=T (—MIMJ

S, =2 18 A ew. ow system . - - -s s (@b]
FROM DEFINITION, . AND ASSUME P (S A E.V. ASSOCIATED WITH N\,
AP = <“I)i _0K>P v
DEFINE M™ AR THE COMPLEX CONJUGATE TRANSPOSE OF M, wusRE M may be

@ complex number . veator er makrix . So,

L e 2 = — Va3
PR =(7\P)’§—[( v 3 Bl =P T ( APPENDIX E I\ TEXTID)
TKY) 1 AL wALuED. - =p* (2, -OK '

s AT = N T =R T = (R TS T

So, A* 'S A ew. oF SYSTEM Teo , wi EW. (PF)T. FReM ) ABOUE

— *_ * ~ - /
WE HAVE @ ©.V. OF —a* AL A, -, N, - ARE €.US OF SYsTEmM | QD

[ oy s e s CTEIEAR Y e TR = e B e S ea) O e s KW BT Ny )
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l 501, LINEAR SYSTEMS !

2.Ce)

NaTioNAL

2. (C} . A f;ica‘(‘on/es& S/);nn;n? Aop s an emm/afe 9# a conceryalive Sysz‘em with)

gyroscgpic ceu/:/ing‘ The cpuations <f motiore ey be normalizeof A0

- . - ,
?S.J L 0 P} 95‘1_[ I O\[\[ |J o
X P 0J{%] (0 - Xe

Where %1, Xz are ovﬁtogomdl lateral o@CSFlaceYhewTS fmm the vertical position

omdl p s propertionad 10 the spin rate . What is the minimum valus of p for

which the ew.s ore pwre meﬂd‘?

SOLUTLON® LET

= [%l‘ __]:}{'] [O PJ [T\ +\ O "tg
A 2 A P +{ ]
(73 %) -p O &tj O  +i{te]
(]
‘4 i tz|
(& {O P+ 0] [t
. L _ [tP 0 O +I||k
‘?3 | O D O “th
1 | LO | o O]t
X e F ot s e
A
FPE=- . O
e-u.g s A P -l A
det (AT -A) = |-P A O | _ . !
' -1 0 A O -l ; pA
o -1 o | '@ 10 -1 O A
=AY+ (P -2> AT+ =0
p2_2 Pt 4p*
— (Al_*_‘ = >Z 21 )

— Jﬁp)(xz_k Poz P-4 o) g

] - P4 P2 _ JP-g
A IS PURE IMAGINARY, TIF  JP™-4 %O s -+ ABE psro A 3 4-__2._&. P >0

WE™ HAVE P=2 , <o Pt = 2 R |Pln =2

OR |P] %2

IF p=z, THEN 7\\)2 = tj » 7\3)4 = :j PUE% ;W\O\%“/V‘M%.
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! 501 , __PROBLEM  # 3

S | AN Sttt SO ST|| S 0 S s 2 (oY R W S S P ©. T
3. Let W(t):foteAGBBIQA,D’Oeél
— A -A BB : A _ (BX E=0
A= o) A’ ) omel @ i ( Eact)
@)  Shew that W(t)=E{(DE(t)
SHoOW 2
/f&\:(—/\ B\%’) z -A BP;’)( A BB’ A AR+ RBIA
vy 0 A ) (9) A’ = Az
353
' oo W Az —ABB’-\-BB’A’): <'A3 A*BB/- ABB/A’+BB/A’Z)
igé /\ ( 0 N )(D AE (0] A;s
& AK *
= > H \
— & ) § X ,
%5*5 < - ’,;5\ | A=+t + A o
’:i si-AN
i A Alt-( / ’ & -+ \
; -+ T TAY - 0+ Br/t - (ABB/—BRA/)T/ZJ -
O
T+at+ AL e
-At
( e Xt
= o
O < WHERE X = RR fe (ABR’—»{ZE’A/){-/z .
It .
BRE)=Xt Eur=e""", pray=eht

oAt _ Aot _ (A BB’)(Q‘M_ A :(—Ae“At —AXt +re/eft
! (6] A/ o eA’f O A/'@N{”

ol (E.Uc) Ea(t) (ﬁ—s.ec) o—a& Ea(t) )
L0 Ex®) L e,

(Dé Iz
F )= TAEt tRERNT. | Z.%;E;&):A/ef“f
: ' A

% f{{&;&’(t):f‘m— )]/ = efMA

\

\
;%E; (Bt Ea(t)) = ﬁ;—EgC‘c)‘Elm i E{(Jc)-;i—%Ezctv

— AL Xt + e (- ATt + BREAT)

e R TO BE CONT,




3. () (coNT.?
t.
oo W= [ efMeretTye
- yot ' ,%« ( B/ (6)EG)) s

t
= EJ(cs)E2(8)

= E/ () Ea(t) — E(0) B, (0)

= E{(DE.(t) -E0)X- 0

= EJO B2t , " EBET, /

(b) Re{»em #o  H.W. fet NO:1, PrRoBTEM #H4 , Let

A= 3878 , a==0.1243 o\;=7\23 ok Gq= 2262
by=2-771 »  b2=6595

use  (ay , Compuie WCTY , T=00 , Or choose other reascnable el

SOLUTION:  FROM  PROBLEM #4 1N ww. SET1, AND THE GIENS |

-~

‘0 I o0 © [ 0
A=| 0O =3878 -0.243 0 B = 2"7'”1
le o o | 75
Lo 9.2 2362 0] (76575,
5 9 8 |% O ]
I BB = Zgl [o.&7 o -em5] = ? c()) 7'28 CC)) -'2275!
(=657 Lo ~8275 O 4349,
o -l 0 g 0 10 -8
O 3878 04243 O O Te18 O -lg2rs
o) @) 0 3 O (SR S
. A‘ - & -7.23  -23¢62 o O ~B21c O 43494
O O © o o 0O oo O
O o O o 1 -3R o0 92 ‘/
o o O O 0 -0z o 236
@) O 6 o 0 o 1 o |
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8
>
R
o

=

EETS 5 SQUAR
EETS 5 SQUAF
EETS 5 SQUAF

NATIONAL

36> C(cONT.) FROM MATLAB , I GET

0 -1, 1682
() O
0 0
! 0 0
3 N n
i L

0. 0019 0. 0.
0.0284 0 as iV

0" =] i \.fu 4 9 Lz
Wehs 5" g0a7 -0, 0
_0. 0871 -1 (

2\

3(c) . coMpuTe EiGENVaLUSS OF A—bBEWUm FOR SEVERAL. VALUES OF T . CHECK
WHETHER ALl EIGENVALUES  YOU OBTAINED ARE IN THE LHP . EXPLAIN

oy e UJZMQA- ‘643«» \"?»—"h'? TN y’wg&m h?

Fa

COMpPLUTE THE ews OF A-bLW-I(T) TR T=o0.1 ,05, 6 2,10

+~
: / ~ A~
WE HAVE THE @.U.S  FoR LRG| BARTLAR) (/\'I(T) :f < By %
i £ SR - As
T=o0. N Sl‘rrgoq ijqq\gff"(e , *'?‘%527 , 28.1082 &0’
c'rzolts 2 -54.0643 , 29276 X 35916 , £.2815 Ly
&
1 «
T=5 % 01898 , -3.0909( , —4.9300 , 42465 : ~ E’
T=10 = 0O , =-30573 , —49672 , 4.8465 A\f)éz‘/“r
(l‘\/f” = (}\)
THE ew.8 Gf A ARg : é"o:‘
£,
O , -~39573, =—4.9672 , 4.8465_ P

o
A

WE caN €EE NOT ALL OF THE e.w.e ARE IN TH LHP.

THE REASON FOR THESE RESULTS COME OUT IS THAT MATRIX A 1S NOT STABLE|,
MATRIX A HAS A e.v. 4.8465 , WHICH 1€ IN RHP . WCT)'—"E;(:T)EZ,LT):@AT\XW

JINCDl—= o wHEN T . 80, WIT) =0, T

D\\(b“ A-bEWT'(T) —> A

. THE ew.s oF A —bEW™'(T) RECOME CQO8ED To ™E ewms of A . OF COWEE,

o ®

€lotseE 10 48465 TOO.
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~N
nationar

4.

Eefer A0 Ahe attacheosl F-14 Dbenchmark contvol /zmob/m, Pn/wvrff:‘ca,(wr, F,‘épA'/
(e c@ef‘me cppricete stote vewiables fra?n Frg. A-1. Obtain state

gf?ace‘o(’wtq %AIE)Q,ng

SOLUTION® R G A-1. WE DEFINE o commamel &€ STSTEM INPUT , AND
< AS SYSTEM OUTPUT (SO CAUED CLOSE - LoOP IN THAT PAPER)

WE USE THE FOLLOWING REPLACEMENTS

7 {
© X {f_ [Vel—| Y5 { REP X T y
P . +t ‘ | S Wy s
= X woo(:’ WA Vs i R X Stwz ¢

= +
® 7{——@;_ Ve gf_ b Pl

REPLACE z S+
x (Sth) ¢
! + , (
® X Ve %‘!’ M‘_mﬁé rep. X [ €-c | ¢

USE THIS REPLACEMENTS , WE REDRAW THE BLOCK DIAGRAM WITH THE GIVEN

DATA AS RELOW .

70 RE CONT.
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_ﬁm
ot Dlmwi_ﬂ@pi,% Tf%l Zo T

501

4 ©) (conT.)

BLOCK DIAGRAM WITH DETALL DATA AND STATE ASSIGNMENT

¢ commendl  =0B491 AWIO;O.# L NI#NW'#WWN.WV &2 emwonasl 0 =0.0349]

!

A S+ 0.0l

S+426.4352

)

TYNOILTN

JUVNOS S S13THS 007 68627
YNOS § S1IIHS 001 Z8E-T¥ .I('
IUVNOS § S133HS 0§ (8E-Z¥ 4



501, LINEAR SYSTEMS Benmei Cher

12

HEETS 5 SQUARE
HEETS 5 SQUARE

S
SHE
SHEETS 5 SQUARE

e
N
naTionaL

4(a) CccoNT.)> TFROM THE BLOCK DIAGRAM , T THINK |0 STATES ARE GooD ENOUGH .FOR CLOSE ~LQOP
(NOT (NCLUDED TWO FROM << canvvipnad)

%0,

= (X=%X)x10 =—10%, 110+ =
Xa = (% —F )X (—3.864) = —3864 X 1+3.864 (0677 X5 + 0.8156%¢ +0R156X7)

= —3.864-% + 2.61573%s + 3.15148X¢ + 3.15148 X q

Yeo -~

’5(5 = [ Xz =146 (x, —F) — X371 20= ~34.92K: +20X, —20 X3+ 34.‘]‘2 (0‘677K5+\8l§£'><s+\8l§63(ﬂ

= ~34.32% T 20Xz —20Xy +23.64084 Xc + 2R 48075 Xe +224807§X-,

X = —0.6385 | Xgq — 156625 —€3.998%3+689.4 Xs + 0.6385 ( X3 +3.2637 X9} ]

= —63.9792 X3 — 0.6385X4 + 6874 X¢ +0.6385Xg + 2‘08887-9(?
s = 252589 -[0.0014506 X4 — K5 | = 0.003664 X4 — 2.52589Xs
';(G = - 0.657T| % Xe — 5218 \f- 6.8847 X3 —ol'oosz?x4+o\oogz? (Xg+3.2637 Xq) +
Obs'(l('xnd + 0.01224 7K Xg +3.2637 Xq > ) ] f
= — 68847 X3 — 0.60529 X4 — 0.65T|X¢ + 0013338 Xg +0.04353 9(7 toesriXie
5q = 4144 [ =Ky — 0.283%c] = ~ 11725 Xe — 4,144 Xy
'k% = 0.3745 - f- xAg — 0.4226 X 3.2637 Xq] = -0.3745Xs —0.54411 ~‘X?
9'(7 = 0.3$45 [~ X3 +2.5348 - N] = - 0.3945%9 + n,
Xio =" 84553+ [ - X0 —0.1224 - ( Xg ¥ 2.2637T Xy )]
= - .03552 Xg — 3 37763 Xq — 8.4553-X 1o

( e = Heonmowmel D THE CLOSE - LOGP SKTEM EQUATIONS .

[ % 0 0 0 0 o o0 o o o o . ‘o
% -3864 O O O 26535ug3548 O O O % 0 O
?:<3 %’-34,32 20 20 O 36AMBEE 24T O O O % 0| o
Xa O O -e39% -85 O 6394 O 6385 20887 O e | O »)

| % = 0 O O .ot2ssy 0 O O O O  |%,0,,0

5 3'(6 | © O -68347-00529 O -.¢57| O 001334 0.08353 .65 |Xe O 'O

L Xy 0O 0 © O O -ups-444 O O O || |0l O

| Rs 0O 0O O O O O O -=HBs-mm O | % |0 O

%, 0O O O O O O O O - 0 |\% |0 |1

Y k O O O 0O O O O -Lo3%2-33m6 -8\4;553 X |O] | O

AR e e v
x =L © O O o6boou505 O O O O O OJ}'X + 0. xe
~ =L A | R e — »;E./

e L S

Ry

/ noige ;npu:t"




; 501 4 ca S

SHEETS 5 SQUARE
EETS 5 SQUARE
HEETS 5 SQUARE

s
ol

narionNAaL

4(a> cconNT.) FOR THE OPEN —LOOP — LOOP PROKEN BEFORE PROPORTIONAL PLUK —INTEGRAL_
COMPENsAToQ_ THE SYSTEM INPUT 1S THE o ERROR Xe . AND OUTPUT F
COMPARING THE OPEN- TO CLOSE -LOOP , WE SEE THERE ARE ONLY
STATE XK= AND Ax; DIFFERENT FrROM  THORE 1K chsE~L©Q[;.
X = —3.860 X E

Xs= 20 (=%Ks —1.7460e +K)= 20 X3 =34.92 X g +20X,

THE- OPEN-LOOP SYSTEM EAQUATIONS =

4] [0 o © © o o o o o] [x (=« [o]
Xs l20 =20 06 O © O © O O |as |49z 0
e O -7 .65 O €874 O .63520887 O X | O 0
Xs 0O O wesA=2525¢ 0 O o O O Xs! o |0
K| = | O €029 O 65T O .0334.04353 6571 ¢ Kt | O Xe" oM
%7 O O O O -upp-444 O O O %l | O 0
Xs ©C O O O O O -3145-5un1 O g o | @)
Ky O O O O O O ' O -m5 O % | O f
Ko ©C ©0 O O © O -35233196-8453 |%g | O | 0
S RSO, I e e i \e-l-g/—”'
Ao & opens

F = X rerury = 0-6T70%s5 + 0.8166 (X7 + X ) = O6TTOXs +0.8156 X + 0.RI56 X7

)  Sepen e ol A o wpe)
F=[ 0 © © 0617 0856 0856 O O O [ Xgpy + O oxe

(b)  FROM THE MATLAR , WE HAVE OPEN-LOOP POLESR : NEXT PAGES

OPEN-LOQOP ZERQS = NEXT PAGES

(€ TROM THE MATLAR , WE HAVE CLOSE ~Loop PoLEG : NEXT PAGES

CLoSE —Loop ZERDS x  NEXT PAGEQ




ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

HE
HE
HE

nvarionaL

4. (B + () CtoNT)

: ) —
BECAURE THERE 18 NO TUNCTION IN MATLAB TO COMPUTE THE GENERAL|ZED e:/?\B

LT , _—

AND IN THI® CASE , =0 , WE CAN/T USE THE RESULTS FrROM PRORLEM 1 (b).
MOWEVER , WE CAN ASSUME ol=| FIRST , THEN USE THE RESULTS COMPUTING THE
ZEROS OF SYSTEM A, b, ¢ , 1§, FOLLOWING SHowS HOW TO FIND  ZEROS
FOR SYSTEM A, b, C? FomM ZEROS oF SYSTEM JA,b, 1% ¢

Assam‘mg , The *mmcfw fwnc:(’-ton Jcc*r’ S‘(Jsiezm ?A) b Qf R

= G gy
hiey = Lires CeI-AY"b
FUY‘SK&WM ?A)E,Q)1§ 1S
L £as), e
D) St = -@lst A>T+ 1
SO ¢ U0 SO 16~ AR R I of & - {13
i bitsH dCs ) ol ()

; b (s>
‘aed = (e = des) ) N e

S b =d(e) = det (sT-A) &bt

y QLY = Cr— b = = bes) —ccs)]

We HAVE SHOWN IN #1 (b) , CCS> CAN RE FOUND Ry COMPUTING THE.

B p)

. eVv.s O6F MATRIZ A—bc , AP bk> cAN K RE FonD, BY cOMPUTIN
eU.¢ OF MATRIX A . THEREFORE , WE CAN FIND Q(S) , ‘THEN TTHE
ZEROS ©F SYSTEM $A. b,CJ
(THESE WERE ALCO SHOWN IN #1 . (b) IN HOMEWORK SET NO:1 BY USING THE

OTHER METHOD)
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o ] £ i i o Yoo
B} @ el i et i W] o oo
b =4 $d = b b i [
[ O 4 & [ e
o] o o ) ol el b
m )] o ] y Font o .
b L] £ = < fns o v
= o o 5 [ L <} -l
= +3 | kS b [ il oy Ty
s o) o i St L i =0
[ 03] oy A i o ==l
o 43 ul & )] i = o i
3 © o 7l i ot [ ) fay
o} o ] it b A ] <
2 -4 e =r s
Q i >y Co] o] £ fa
8] > A - b -
o 5 o [y U
o qQ & o~ i e ooy
] o (] ] o W RN
[dp] O or-| ot st e} - [ B
= @ in i @ i o 1 el
=3 @O sy 4 [ =] ool g -t
Es = @ i i N ™
45! & $ul ) [y e Ty
55 ; £ I & = . Fos
o i3 - A3 8 =g i = 0 G
O o W4 4 vl i Lo i I
e B > o Bt o - N
<0 o O ol o 0y o % i
el ] £ o+ o - oy =
= © ! - % [ |
- T oy i i) o 8] [t o
3 o 0 & O e A <] ]
- i 43 & b 9 -~ i = o3
e i o i i o O o
o Ul =3 |8 =i =1 b Bl -3 [aew}
S B au N, o ” N gl st =] -
[xl 1 O L &4 o) >, =S ud o e
=3 o} &~ <3 ] et = & i L % il
oN e 2y ol o O Ay £ osly s B v s RN e
O j=e el a1 orf o ) ] .t ST e
oy i “ @ wl - S s [ < s (] s [
G + S = i i O e ) i o e Y
a o4 P 7 b ] o] e . s
1 = - £y orf o~ e o 2 (] Al ] 0d
i @ o = > i3] il Cd [ ja ] [ i
o e A2 e i et St ol [y
N o] %) ~ ] S L2 O o3 &)
" & h &) M B
L o s} <L b - o
= 0w L B o
O 0l et o S x =3
Fos 4 =z G
tod] = b oo
Ld5] oF [ig] = 4 b 0 =J 3
=] < O o Ea b =] i ]
ne 8] 4 o U} 42 o B =
o] ) 1 pa o i Ay = <H
) D, =D o By
e ~ iy i1 o o1} = .
[xd L ot orf ) o < 0
s Mt » 1 Chd i [ | i
o . et o] ] i ] 5]
o s O = o o It =

N
o~

¥
N

i %
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Momewert _set Nor3 | EE6Ol , WNNEAR SISTem THEQRY l S 38’1”7& Chen -

PRORLEM 13 (@) PAGE 1M1 IN TEXT ONE 2.3-3
CONSIDER THE SYSTEM TLLUSTRATED EN THE FGURE. .
. GIVE A STATE- VARIABKE REALIZATION OF THIR SyRTeEm.
b. TS THERE ANY CHOICE OF PARAmETSR&F £ AND/oR & TFOR WHICH THIS REAWZATION

LOSEQ CONTROWLABIMITY OR ORSERVARIMTY OR ROTH ?

w e St | Y
S(e+3)
W 'k
e+ @

SOLUTION: (. Z(se;dw,'ref(acements ag thege i problem #4 m Hhomework set Nos2,

Kedraw he systerm Bleck o&agﬂbfﬂ as felow for bott. a+o & a=o &e/m/mtez\y

u ,x; L8
- 2 e 2Tk k

?m - sthe o(ba.im above , we hove the epuatiens (at0 & .a=0)

')'('z U—Kz = —Xa+ WL )
;(,z = 3(—23X,—~ Xz)=-2%;.— 3X2 . #
%s = @ (Rax: + Ra Xz -~ X2) = &x) + kX2 —AX3

Y=+ X2 | ' ’ &

%L, AEIEE Ky /| , Xu
5 (7.(2 :(‘2 ~3 0)’(7(2 - (0)'& s %'—'—fl 1 03(7(1)
X3 R & -a) R 0/ ‘ \ Xz
o 0 -l {‘ |
OR k= |l=2-| =8 P o b=‘g p = B 1] \/




ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

50 SHE
00 SHE
00 SHE

1

42.38

42.382 1

42-389 2
o inU.S A

&
.‘\.

NATIONAL

Pomeword _set Mes 3 EESOf , LINEAR SYSTEMm THEORY Besmet Clon
PROBEEM 11 (@) be Fom she state umiable realizatiern sn pont e , we Aowe sthe

Controllability matrix ool Observabilily matrix :

{ i o =k
= B 5 i == B= =2 6
(C=Tb. Ab, itb] BErEAR

det C = 4k+20k -6 =2k a-1>

I

/ C (l e
(9: G = 2R =8 =

| |
a6k 9k 2ra

det (O = -6-32-6+tk +4+20+9-k=1-a
So, WHEN Q=1 , THE SYST&mM REALZATION LOSES ROTH CONTROMARIKITY AND GRSSRUIRINTY

WHEN k=0 & a# | , THE 2RTEM ONLY LOSES CONTROL-ARIWTY .

FoR £+0O AND @a*+! , THE REAUIZATION IS BOTH C.C. & C.O. /




|

NATIONAL

proBIEM 1. Cb) PAGE 111 IN TEXT ONE 2.3 4 .
CHODSE STATE VARIABLES AS SHOWN FOR THE SYSTEM SHOWN IN THE FIGURE .
Qs WRITE THE STATE EQUATIONS .
b. TS THIS SYSTEM REAKZATION CONTROLLARLE 2 OBSERVABLE ?

C. WHAT IS THE TRANSFER FUNCTION FRom W() TO Y(-> ?

S
21T
w -~ ¥
; 7 e 4*3—‘*

st+4 | A

Xz 1 -

he
SOILUTION 2 Use some W&menx@f Jt will rescke=—ms—pmch easier Ao write sthe sdate

Spuation® . So, reslvaw sthe 4lock olmgram ac

. Gp'—?‘ﬁ ¢
5w PN

‘—’}‘S/f Fﬁr‘rﬁ‘ 5
Xz \‘/S Xz -~ t

+

Q. THE STATR EQUATIONS

g X, =4 (- X+ 5/4 Xz —5/4 W) = —4%+ 5%X2 ~5 W
’).(7,= Ke+X)+ WAz = 'X)'!’LL

Y= Xt U-A=2 = XN -Xa+ W °

b. -5 aF ceEy ST =i 4
C = (b, Ab]:( s . ). deC=0: O"ij”(-g c ), det®=0
So, the system 78 metther complete contbollabler nor gbgeryable .
- Ayt o S+4 =B \-l/-5
C. Y®/ues) = CI-M'btol = 1+ [ —{)(_‘ S) (|)e
6(5-1) g1 ole-ér?

= - ey T TS¥5 \/ P CMJ”A."HO.?

)fan%gg_mﬁ ,,,,, et MNo: 3 ! EFES0f, LINEAR EySTENL THEORY ) _&nmec v@eﬂ_ e B



HMomewerd et NO:3 I 301 l o Cillase.

4.
PROBLEM 1. (c) PAGE 13—114,TEXT ONE , 2.3-W
N SHOW THAT THE PAIR
{A 01 {b]}
e Oﬁ ,!_0
IS CONTROLMABLE TF AND ONLY TF SA, b ¢ IS CONTROLLABLE AND
{A b
§§§ le O
358
?EEE HAS FULL RANK .
PROOF . (IF pART) = §A.b3 5¢ controlleble , thus ~ (WLOG ® SISO, Asnxn, 0,[8 STx dwoxenn
“z«g Ocny = P Tb A, -~ AB] =m acd P [ 2 B]= e
4
A O\fb A O\n
C {2 91805 - [( 311 1 D
2 gb Ab Ab - A“b]
; {0 cb cAb - CAT'D
b,Ab. - A"'b
1 [b AC >}=[b ACGAbl ,,[A bYle Caf
O C(b, Ab,---A""b) 0 cCal ~Le o t o
[b A1 [1 O]
R e B s e *)
[o Lg,@l_\ ‘
g 2268 matriX ? ] hags  #he same 'ra/rqu as ypaadriX {A bjr‘ a\,\,..o,( IO[O eOAb] |
Lo e« O
Se, (o @ff I ‘8]3 i S Né g],[gﬂ 'S conxvellakle . /
( ONKY TF PART ) Toom sthe epuation (X) above
' | L A1 1’6
o ek el
st LB <ls <) locd
I SLRSLIER s comtroliakle . then (@ CGS[A21.1EI7 =+
b AL i o g.
From  ynoctrix -zt\r\em*a., we  pave (0[0 C] 2| F[O CManH
- Furthermore 5 we have wmadrix [ﬁ‘ g] *0 be full vomb , kecause [?g S (ndDXOm)

& PCAB =n = 3$A,bI is centvellable .

(/ Q.E.D.
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EETS 5 SQUARE
EETS 5 SQUARE

e Fomn
%M -‘J‘A

NarionaL

PROBREIM 1:(d) PAGE 165 IN TEXT ONE . 2.4-3 (De Bra)
AN INVERTED PENDULUM , OF MASS m, | HINGED AT A, A GYRO WITH SPIN ANGURAR
MOMENTUM , 4, IS ATTACHED TO THE PENDURUML BUT 1R FREE TO ROTATE AROUT THE
PENDULUM AXIS (ANGLE $ ) AS sHowN IN FGURE . A4 CONTROL ToRAUE, G, CAN

RBE APPLIED TO THE GIYRO FROM THE PENDULUM., THE EQUATIONS OF moTioN ARE

-

I

I

'mgée—&tﬁ

0]

i

AND . T Ao +@

WHERE T= THE mOMENT OF INERTIA OF THE PENDULUM pLUS GYRO ABeuT A .
JT = THE momeNT OF INERTIA OF THE GYRO ABouT 4x18 AC . AND
c= 7H<; MASR CENTER OF THE PENDULWM pLUR GTYRO |
A. COMpUTE THE TRANSFER FUNCTIONS FRom WC)> TO () AND W) To 6(-)
b. SHow THAT THE SYSTEM IS CONTROLLABLE BY @ , ORSERVARLE WITH &, AND
UNOBSERVARLE WITH 6 .

C. CSHOw THAT THE SYSTEM IS ALWATE UNSTARLE .

SORUTION:  Hom sthe /m,/z,[e,m Satement . we Hon/t hrow what = Ahe oéef;nc:([crn foyv

wied. Bt I M it mast be swme as 6L . ‘/eS‘

Qe I& =mgl o - K
JCB :'ﬁ,é+ u WLOG = LET B8 =0, $(oy=0. l/
§ I-82 6(>= mgf 6(2) — hS-PCs> < -~ Oy
T-S>pes) = ASO(S) + U8  “rooes (2>
L - Tg> :

Faer Eg.CO , P> = mgn-s 163 TN ¢S

(2> % &> , we fove J-8 (?Z€~ISLJ £ (s =R Bx By -+ dute)
.8 _ s
e ® ucs) —IJ'35+(Jrng€—'ﬁ/z)'S

P _ 8% —mgd \/
us) IJ-3% —(Fmge—#>)-82 '




DHeomeword get  Nos 3 301 Bm.C.

.\t.
A
e 2

PROBLEM 1: () b. WE—treto e g et e — Mo Tror—EaOATION G-
IET =6 , X2=0 , Xa=0 , Xa=0
X, = 6 = Xa
X2 =8 = mgl/1-0 — /1D = mpl/T + X\ - h/T - X4
Az = P = AKq

Ko =S = W70+ @=Hh/T X2+ QST

[9’(‘ { g 1 0. 0D 1 (x. [Of

I').(I i mL/T 0 O kTl % & 0. Q

| K 0 o O HEER %Oi =
% Lo wry 0 0,lx s

$=%3=[0 0107 X £ Cop-X /

0= %X=7T1 0 003 'X& (C¢X

(0 O -k/zg O

) C _ ‘ O =%/ O ——m&k&/]:?aq.ﬁa’/lzj—z
‘ 0 Vv 0 = ‘?LL/ 3%
L0 At 0 |

24>
det © = A/zg (A¥raye-mgeh/T — hF [r3g®=— Tl # ©

So. #he syetem Ts eentiolloble by the Wput OR centroller G .

IJC Ahe ouwtput s P,

o o i Q
@ Ly 0] o) 0 l CQ @; = — —ﬂ-ﬂ—"‘?%z #+= O’
+ B ghir-l B O o FRLe T TagE [
Lmgth/ry O o ¥/
Ro, the system e obseyvable with ¢ . \/

g the output T Q .

L O mkrgo O

Bo, #he system unchseruable wWith @ . / O.B.D.

vd




Domewerk  Set Ak 3 301

\__

B.m.C —
PROBLEM 1: cd) C. FROM the siche é@lmcong, we Have
@) | o) O
A= |myr o O ki

o o O f
to %y o0 O

N

A -1 O O
IaT- A= |-mtr A 0 AT
O O A -l

O - O A

A O H/T -mglfr O M/
= Al A |+ o) A =i
|-#/1 O A 0 O N

= - (A3 + Ry L) — mgl/r -AT

= 7\'Z~ (7\'1 + ‘E,L/I‘J _Mg-e/]:)

R Wf%"i‘a )

/cwro@}y sthe ,éef;m‘xasm PO ;f/nemm on pege 77 IN Aext ope

48’3&;“ veclisation will be stable rf aol c‘n—@ f

Re [Az(A)] < O

Al 3 sthis /aewcfa.,eaw /wo/o{m, at Least = FAhree <e.u of A

Re [MeCAY] = O /

So, she &f&.tem. e o«@wayg wunstable . R.E.D.
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ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

HE
HE
HE

wvn

NATIONAL

ProgLEmM 2%

[ -3 -3 \ 0
A=| 26 26 -3 35
| 130 39 | -2 {27
L 30 43 -3 -32)
2 e A\n I,&t\z
COMPUTE P S.T. PAPT = o R
(@ WITHOUT THE USE OF SVD.
B WiTH “THE AD OF SVD
ALSO CDWIPUTE /,&m, ﬁlz, ﬁzz AND gl FOR

SAME , EXPLAIN THEM .

GIVEN AN UNCONTROWLLABLE PAIR A, BR , wHERE

| (3 3}
B: -2 =
o 3|

o

AND PR= [s‘]

> & (b)) . TF THE ANSWERS ARE NOT THE

SOLUTIONF?Qf Use MATIAB , we Have :Hveeam%raaa.éé‘:@ et x @

=0 3 12 18 12
0 i 4 8 4
vonk (5 =2 . So. we cheose

3 3 0 O

-2 - (@) o

Q =
: 0] 3 | Q|
© 1 o 1)

24 36
o R R
< i
QR ag below

e
£ 5D o

s
o

ot Bl

R o
s Rate |

ot
i
e B
Lo

o
)

5

)
[

.
-

oy
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~
NAaTIONAL

o

PROBLEM 25 b Gompute & SWUEV' 50 MATLAB . we have

¥

Loe N
)

~J LAl i
i -]

0 i
Rt T R

WL

£ -
2D
D

-
3
[ &) :("
[y

!
e

i

Se.,
2 901 43748 4 -1.8443 862917 J
"7 lous3  -ougof * | -28610 13,227
A _{—LOSO‘I ~45.5507 8 - ofrT21 -2.5401}
= 00878 —o.9493 T Lsmaie zemo

EXPLAIN < I# s easy A0 see that rhe arwerg m (2> & by ame olfferent .
Anol z%ey Lot fave to be rhe same . Kewever, sthere existS

Seme Wtans%ape Aotween /‘i\op aol AAb- We can fw.a( &

A N
ncn&bnfu[aw‘ meadkrixX T st. A=T AT, e Lo
o =t B b B > A= PRl B
Ao = PR >  A=PJA B

s Po:‘ A\a Pa = Pb-‘ )&b Pe = //4\&: C P“Pb.l)'/?b‘ CP@P.:')"

S T=PRP , acd T8em PRl Ba=P-B=Bu. A, MATLAB

0 3100
LER I B

Steh a T is callecl Q?/rm‘.da.'ﬂ@ :éme/%rma,ﬁon.

we Aot
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NATIONAL

PROBLEM 3: CONSIDER §A. b} . GIEN X(to)=X1 AT t=To . WE wouD LIKE TO
FIND A PpPIECE —WISe CONSTANT Ut) SUcH THAT X@&o=% AT t=1, .
FOLLOWING THE LECTURE NOTE , WE HAVE

—Ato

j:l e A b uwrds = F e M —¢€ X A

(@) VERIFY (%), ET/S PARTITION [to ,ti] BT‘A-‘-(’CIV‘CD)/‘!:’%\)A“TLA
AND Witt)= Wy ON Ttia , tada ) > 120,14, ~~+ , n—|
(b) STARTING From (%) DERIVE A TForRmMuLA WHICH YIELDS A cOMPpUTATIONA|
PROCEDURE TO DETERMINE Wi

(¢ USE THE rormutA (N (k) TO TEST THE EXAmpLE (P.213 , TEXT {1 > WITH

I
T | _
4 6 ’ T | td=0 , th=4 sa =1
|
O |

COMpUTE  Uo , wr , Uz, AND U3z

ALSO F(I NISH THE TARLE FOR STATES :

SOLUTION: (&) From sgsbem SA,bY ook asseme X =Xo, we Lave
t Ny
X0 = %o + [ ML we ol 5
% K(te) = € A° %o + 5:" oSBT 2 el bg

-6
X (ty= e ™ %o +5:' e AT | wes) g

= g Q‘At"’)_((to) = %o +[f°e“’°“buce’)o(<s cee ey

e~ A % () = Xo+ [ 0 7A® p ud>ol6 NN &S

)
(2y-uy = . e b urds =e AT - e oxcre

ek e —-AT (>_(‘L . e‘Atoi‘

/ VERIFIED !




Homeworb  Set Moz 501 Bl

PROBLEM 3. (b)

te Wo Wy Wz %
f—r— , 2
Ttoa Ta ta2a tza

LL;..Z uh-\tl
e e

tcn—z)A tO\—l 34, t’nA

s a1 Ta T %
-A¢ . SAE 26 _pNG
. ® j‘to (& b wes D &5’ —j‘ter b LL(G)(*SI +5tA e buceyels + ~-~+ ft(

n-Ha

= fftt:e AU ] blo + [ [0 AU bty vt [ A% oun

Yn»c N

Tarna

Let !_; = j:t-m Q‘AG 6 . So.

oA urd '
A AN I T e 1Y SN TRV R NN

to
Ueo
Mab] - |V

L Un-(

=Tk | T =

SNsNAaSN

. e—-A‘t\l(} —€~At°ﬁ\ (X’*)

New we are Gomg #o Adevive o eem,eu;enttomi formula. for e, t=o,1,

PRE —wultiply A 40 both sidee 053 epuation (k%) , we Rawe

[ASh Alb ~-- Ar;-.b}[?t‘-’]: A (e Mo TRy )

Un-t
Ar” AfﬁﬂM "A‘otg B Tatva 3 GOQ
I Gon e i t;A = A e =
X
€ a

a= i (e_AtG’“)A-—e_-A%M)

B *e*Ath.\ I-Q‘A('tnt+\)A— tLA>‘Ij

= . e‘Atu\ (I- e-—AA)

= AT L e

[ Aeft=eA] -~

Rewsrvte ¢ x%) with AT %, T=o,1,., n-t, TQ’PLMQ"Q- %‘d’ (k% %K), we HRave
Wo
Wy

NS - S (-2l N el N e REnraL]. {

|
L Uney

e A‘(Q —-At Z_Z *e~kt° i‘)

hA —
e Mbws‘)

“‘;7’1"' N

cls

T



501 Bm C 1z
PROBLIEM & b) (CcoNT.)
[uo‘]
poemurn 1 s [@7Fh oAy, o nMeeapT N = (r-e MY e e - @A)
[ Wn-1)

* p Le’=b, e Moy,
FORMULA 23

Otherwise FORMULA T way Aae nfinite panrs of eolution |,

<res Q"A‘t“‘““‘“b] =71 , amd A nxn , then

1 -
qu } [e'-A'tob e"’AtA L) sekl e At_(n—q)Ab] (I e...AA) A [e—At( __-e..At’iJ
u:n—w)

PROBLEM 2 Cc)z  7Zhe excwya/e bn page 213 in Aext ome Has
{ o ' o O] (0]{
— | l\'
A 25 0 ! o) |, b=lo
| ®. o © 1] -
{256 0 -2 0 L
1“1 [O]
K= v KET o; to=0O Ty =4 A=
o PN '
;LO,’ Q-

From. Formula 2 & MATILAB , WE HAD Uo=-6.6715

«=5.7554 , Us==10.2322, Uz=2.3629

USE she veswlAS m HUW.NOI1 PrROBRLEM 2 & USE CONTROL TOOLRBOX #O compuit B, cud then.

the table =
TME X Xa X3 X4
0.00 1.0000 1.,0000 0.0000 0.0000
0.25 1.1250 0.0179 0.1244 09716
0.50 0143 | -ofood | 0.4755 . 1.8194
0.15 0.6725 | -1.8465 | 1.0269 | 25817
1.00 0.0%3 | -29217 | 176365 | 3318
.25 ~ 04177 -1.0923 | 2.29¢9 | 09626
.50 - 0.475| 0.62565 22491 =1.33563
75 -0.1038 | 2.3580 16350 | -3.5650
200 | 062 | 4235 | 04T -5.7202
225 | 15375 23682 | -0.200 | -38090
250 nWqu3 | pez2l | -1422F  -17946 |
275 18525 Shned | -heoeq | 0.3842
3.00 1. 3401 -3.0202 -1 2398 2.6152 |
3.2 0.7132 -2.0369 -0.618 18682
3.50 0.3048 -1.2573  —032986 2007 |
375 ___0.0m44  -0.6o00 | -oo740 | 0.573%
4.00 02342 X107"  0.3156x 107 l—o\useexuo"‘é—ozouqmo uj \/




HEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUARE

s
5
S

narionAat M

LINEAR SYSTEM THEORY
EE 501
HOMEWORK SET NOD:4
NOV. 15,87
Benmei Chen

Box 241, Gonzaga University

Spokane, WA 99258

(509) 327-6071




i
w

}{en‘zewcwé Set  Roy 4 l EEBO1, Linezy" Sg@fg,n ﬂeoyg E@nmgj &

PROBLEM 1: (@) proeiem 22-/7 . P75, TEXT 1.

2\2~17. Move Reeoluent lelentities

(- Chow. when all imverses exiet - that
(eI-A)"—(sT-RYT=(I-A)"(A-R) csI-R>"! ekt %)

ow\rﬁ
(eI-A)'- (T =AY = (sT-A)"cv-2> (T-A)" Seaa (%)

SHOW: () (eT- A (A-R) (eT-RY = GL-AY' [ (ST-k> —(ST—A)]* (sT-RD™!
= @GI-A" = sI-A)" SHOWED (%)
() GT=A" w-dVI-A " = (sT—AY"' (v->-T-(vI-A)"'
= GT-MAT(vI-sT) (vI-A)
= (SI-M [ I-A) = (sT—AD] (WI-AY"

= (sTL-A)"' — (WI-A)" SHOWN (%K) AE]

b.  Use the abeve rerults 4o shew Ahat fov-a realozation TAb.CR with
w) =e ¥t q)
Hhe ow&\aut com be written as

K Cetd)] = cT— A [ %o = WL-AY"'hT+ Cc (VI-A) ' (e~ b

SHOW: FROM  E@. (H-2) s P625 , IN TexT 2, we HRave
Y= CET-A"" %o + (8T - A)b e
we =e¥ N | so, weed= (8- v

e Y= CIST-AY Kot CST-AY b (5-¥) = CBT-A) ! Ko+ CRT-A) Le-w b

From (x%)in (@) we see that | (sI-AY "= QUI-A)'=(sT-AY" (g-O (WI-AY"'

S PO@=yed= C(ST-AY"Xo + C- [ CUI-A)T —(:T=A) ce-wWT-A)" ] -\

=CEI-A)"%Xe— C(sT—A) - WI-A b+ ¢ WI-AY " ce-vr " b 8

= C+(8T-AY "-T% = (WL-AY b + CLVI-A) " (s-v5'p QED




SHEETS 5 SQUARE
SHEETS 5 SQUARE
ETS 5 SQUARE

-381 50 E
-382 100 SHE
389 200 SHE

oeNeN

4
4
4
m

srdaw
Ay
nvariomnAaL

)(mnaworf? set zos 4 501 gm@m

PRORLEM 1+ @. Cc)

C. Shew Ahat a necese@yyf amol swpticrent conslition ]@ran Srpt met) = extf, =20,
o yrele( YO=O , 20 L I8 that exist §Xe, 3l such thot
2L = & ~b] [XOJ [o]
¢ ollg) lo
Show thot m #his mee we aleo Have

N =€, , txo

SHOW:  Fem (k) , we HRave C w Ahas P‘«QMEFM wety= QZt‘? 5 ug>=%~(s“?\)“ b,
Yeed= CRI —AY"Xe + QST -AY " bt ()
= c(ST-A)"Xo+ C(SL-A) " b Gre-x )"
same as (b —> = C(SL-AY" s [Xo ~(RI-M L pglt+ C-(RI-M 7 g o (e-x)™ ~vovee (4>

(@P] 'nee.esme eondlition " s if

=LA =b W’Ko]_[o] ]
c O} ‘\% o 0 ¥ =

(ZI-A)Xo —=b§=0 , (Xo =0
Thu§ , Ko = (ET-A7"brg , C EI-AY'\b:g=0
Leck ok eg; (6> , we Have
Yoo =C. ST-A)T [ Xo=%oJt+ 0 (=BT =0 = Pary=0 , t%0.
GO 'swficient condifien ¢ Yed =0, tze , thus Yo =0,
Let %o = (2T-A)"' b ¢ - (2I-AYXo =b¢ =0
From afyaniwwx o> above » we Rave
Yeo> = ¢ CI-A)""[%o- (2T~ AT + - (ET-AY b g .(e-7)"!
= (SI-M " [%e-%Xe] + C-Xo- (- E) "= C:o *(s-Ey! =0 .
o CXo =0 , > T e=(zI-A)"bg et. [ZI{A ‘é?]‘f?é“]“:[g] :

QR.E.D. Hhe ﬁvmf /q;wt.

7O RS CONTINUED ! 0
9

K.
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Proetem 1. . coy Ccont)d

nvarionAaL

X =A%X+ bu
. » X))~ Ko = AX(R>+ bucs)
X(>= eT-A>)"" % + (sL-A)"" b tuce>
In #his problem . wio=e%g o= GL—A)1b-g

S XY =TI -A T Xe + (ST-AYT bG.(s—=) !

Frem (@ > we Aave

GT-MT" = GET-A"' = «I-A " -2 @T-A"!
J. XY= ET-A)"'%Xe + [-CZI-A)"-" (eT-M(e-Z>-(2T-AY T g s- )]

= RI-A) " Xe= BI-MN (ZI*A)"'»bg + @A bg -2y
= (sI-A7' %o - (zI~/\)"~b\%] + '(EI"A)"\b\?.(g-g)'I

= 0+ % (-2~

= (e-z3' %,

Xet)= L7 [ -2y %] = @Fb. %, 0.E.D

o. K
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Proeiem 1. (b)  prortem 2.2 —18 PP 75 -6 » TEXT 1 -
- 2:2=18 . Dyramical [nteypretation of Foles arcl Zeros.

@ foet H>= c cIT-A) b, with ace)= bt (sT-A). beey= CAdjcsT-Ad b
ée?n? coprime . Su/a,m:@e Y s et an W@ 70 A. Shew shat there existe @
itial state Xe guch Hhat Fhe response sto wee>=eYl fce) s yhﬁ)=~Ifle)€v.‘t~1(t)~

%%% SHOW:  Faom @) be (problem 2.2.-18) |, we ' B C Vie nok ewv.of A o (VI-AY' exiets
%gg Y= c(sI- A)“\fxo— QI=ATLIHCQT-AY - o «Cg -5y
iig Becouge wcty=ev {e> s Hhes  wewy= (s -7
&z(g Yoo = Ha» eV w> ey = HD-(-V'= c(WI-A) b cg~v)7}
N
So we Hheove thot
C-QUI-A) b (8~¥)! = &L —AY ' TXe~(WI-A)"'bI+ CQUT-A) b (g-p )™
C(sI-A) ' [Xo— WI-AY b =0
-
From #he Qﬁuo&tém above , W ie sy #o tee Hoot—
Xo =-(VI-A) " b
ErdicFies Hhe cendidtern . But wet necesseny  wnipne wnless  SARE e C.O. QED
b. What Aeppens iff ¥ s @ zevo of H(s> ?
SHow: Ij\ V" is a zevo j” Hce> . ;Hucs‘ Hcvd=0
Yeer= Has- eV f o> =0 A =0
/Qu,t dhere still oxists o itrad state . ( Beewuse (vI-A)7' stell exicte )
Xe = (VI -AY" b
Sueh sthat the 7esponse Ao uct) =e¥ {cey is per=o ., A=o,
N— So , wthe shdement— m a. g still Arue.
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A
NaTIONAL

PrORIEM 1(k) C.

C. &\&fpe&e ¥ is an epenvalus ef A anel W o pele <9/0 Hs> . Show sthat there
exicte an  jnittel Skate Xe that with no wywt [u) =01 Hhe vespenze yee> Aoy Fhe

ftn“m, o' €v~t~i(€) , X = gome censfal . A&xaxme A 4&& Lietin et e?anuw&(ég-

Stow 3 1&(&)=u~e"”f~’l‘c’c) . them
¥ty =0 B8O, we Have
‘ t: -
Keer=€%%xo + [ e AT 8L uesydg
=ert. «,
Yty= -0 V= exy = c oAt
/geoa«se /4 fas etinat eég,%vwéue& it Sadl Beernn i Ahe beeture P-I5-87, thect
H wmattx P, el [PIEO . ot
b ®) st
PAp = [ s ]g“‘ ok A=pzpmt e —pep
LB ¥
g t -
S k¥t =P P %
evt
= ¢-p- em\O ] A%,
O eﬁnt}
) |
e(vr.”\i)t' (@) et
XH= CHP'[ 0 \\ e(\)n-v‘)t P "X
Ler Pp=Tp aPo , b P.] . then e cﬁlee‘zl 2.0 below will gwteefg dhe oletenfet
1
e = p[c ED.(P_“ ______ 1y
CHeeK »

(cp, i ceatar) PR K y
QED, ‘




)fmn&wvv’é Set nos 4 ‘ 501 - /ge,n

algo Ci (8T, = AD T b = §16) /o)
' (10 Be conNTNusD.)

G.
PRORLEM 1. Ce) proBtEm 2.4 —6 . Pise , TexT 1.
24 -6 . Gw@[@bb&%/ ovel C’b@mbl&:%' 70 TInterconnectecl §u£sgﬁ6nzg.
N
AL, bi-Co s =123 Be rvealizattens ejl ordder i of the W§w fonetions
Hi)=216 /aics) , also of ondler N
Q. Shew sthat f sthe vealizotions ame contrelloble . sthen sthe eerer conbinetion of
§§§ System L followed ,%% Z it conivdlable chwoe erf\faat ‘f‘ %(S) ool @ice) are ceprime.
[ele]c}
égg SHow & & ?').(\zA;'XI""bIL(
H=ex
4 82 Su 7 g ’Xz:AtiL"“' bzal
~Z(§ % =C=2%2.
:
So. we have the series conbination ag‘t*'em
5| KJ b,
R !' ] { + [ u
l_x L kG Ae (0]
N y=[o c.]-[x¢ x{]
Av O ] [SIm J-' "bl}
5o (sI- ¥l
b2Cy Az i ' =b.Cy ISy \O_)
[ sm-an o J lfbv]
L (STny A b2 (ST -A)” (ST Ad! \ 0
I (SIYH‘A‘)-[ b(
= I ) = P i (%)
(SIM,;—AL) ba C (gIm S A%) bl}
dccom@‘vz? Ao Saww/e 24-3 , anel we frow doth S avel 82 ore eontrollab (e .
3 — EPHCS)/ Plz(ﬁ); “‘)P \(S)] a
7ZIA-L5 3 CQIM *Al> ‘bl = arg) .
— L. [\Pz[(s)p) ?zz(g),“‘/?znl(s)J,
(glnz" AZ) i)L‘- Qz(g)
amnel EP..(Q), P8y~ 5 P S)s as)S dhas  mo Nnenkiad  common factorg . -~ ey
‘\_/ %FZ( ), Py, ~-) ?z..nl(§>, QLCS>E ’P\Q}i no  memtnivial CO winon f}GQWS\ == LD
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PROBLIEM 1. ¢c) @ .CcONT.)

( LR, Pale) u\.(Q)]/

% : Qi sy

Thas L sthe egua;&c‘on &%) = g »)jPz,(g),B_Z(g),\“,’])sz_&)j{ % w
L QA €8> !

7
(269 9P1 €92, GalIPa 92,055 00) R (89, PU@IP(), FORS), v G ]
s> Xz()

e

v, A O]
det [e1-[ ! D=awoe - =
Y

VA
% Eam epuations (@) ,(b) ool (xx¢) above , ool jﬁ @SS aw.okg‘(m o Coprime
ther §a Rits). QaleiPe(sd, =+ QledPin (), o Pay ), U0 Rnlo s Atsyazce)l  hag
70 ’wat'?‘tutai‘ common ‘fader‘& . thus #he combimesd =ystem Is. contvollakle
33 #he ecombined] 88&“(‘947‘\ i’ centvellakle . Hhen
gﬂzcgb Picsy , aatedRated, =+ P nes), R, - k-)?.(S)szcm,a\(ssaz(c)g
fas Mo montrivial eswmen foctors
T:tsuewmg we Show @) ool 3‘(@ are eopyhme .
Alssume  tacs> ool Fues> ove wet coprime shern. = A, St
A =0 ool g ar=0.
The QL ANBLCAY= © s fana)an,~»~Oqu.m(A),gl(mﬁ.m;w,?‘m)PZ,@)]=O

G:;mﬁwac@ie*ten ! go, Qzts) onol 8‘0;) axe w‘Wth
QED.
% 8 -5{: '?t(g) OW‘@Q A%  ave (‘,@F)Y‘iwxe y o ossel )CUW O/Yb(éf N

M W=0, A (=0 , So, aMa=0 ad G F0
Frem 2z ), we hae [FOROGD > FOOP), -, GiOOPen. (2] £ 0+ Thus
[BPOPU R0, ~ , B NOPin, B> FLOOPL D, <~ GOV Pone 0O ] # 0
Y UV =9D , CUEO , Bo, AMIAON=0.
From ep (e 5 we Aawe [e0OPun), ROOROY, ~, G0V P 0T FO . thus
[ 00PN, @2 CORNAD), G OUPL ), —o 5 G100 Pnc AE O
() avou#0 , =0 . Se. aivvmmnr=e  a~ed g0)%0.

Sowme as . o, %alcs>R\(s),~~~,Q1CS>P.mcs>,‘}.cs)%cs), < U Pen (9, Q@205

’{?16\52 ne mentrivial comman facters | =  combinedd ngs‘l*ew‘ esmtvollable
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ETS 5 SQUARE
ETS 5 SQUARE
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NATIONAL

PROBLEM 1 (). b.

b. Chew thot «J’i she vealizotteng owe ohgevable (contvollable ), then #he meJ\al

Combivokion Vs 6breruvakle C(contvollable ) j: ovel enly Lf auw owmel Quly) e asprime|.

Stow = <. §5£.=A.x\+b,u Sz: 5'5&1= A2 Xz + e
%!:CJ(\ %7—: Cz Kz

The cembinesl agsto,w\

H=[4 2][:

§= e 1]

by
~ U
be :

We are Going o shew sthe dbsexvable cage enﬂ%. The | condsullalle. case will Be sl ”

Amem@%? Ao Problem 2.4 -7. a. (can beo provesn in e zsﬂn;\éowy, way of sthat 8«»»»/3/6’ 244 -3) 3

%C: A3 e ocbcewalle if amd ondy if Ahe mi]  TReCOL, A stefineol by
J L v

CBT-AM)! = To, ~-, Futsr]/aced Rowe no nremaviviel convmon _factore.

Evvce. 5. cmad Shi ome slpsevuable , we Rewve
CsT-AY ! =[%e), -, Tl /o vy ook
Gy ~ees § eSS, 2ld, o, B3>, AedY Aas mo mendrivial conamen fasters .
| Co (ST -A2)'= [ @5y, ~~, 2an(s.)]/aZCs) ool
(2) | see s SRy, ~ 5 Banes), Qatsdt . Kas Mo yondviviel cewmen foctovs.
For  conbined SH&"“@W\/

gk, | O J"

LAY =0y ol
¢ (eT- A7 =[a ¢, { 7 S

(S‘E‘\\‘A\)" O
o {c\ Ca |- { = lealn~Ad" ColTucas!
] O (STn-Ad) i Leitsnpg™ o i

= ["[—‘GHCS) e ?;h.(g)]/a,(g) P f%Z\CS), vy ?2»1J§.))]/azcg)]

OQQ" (eI-A) ‘-:0&\(3")6&2,(8) e d —— r Oz ?HCS)) Py Ql(g) gqn‘(§7 , () gu (S)) ) &‘(‘)gtn1(3)] /QI(S,\

Weth #he &wmevpmcee&ueg as we did m ., we skew Ahe statemend . AED

()
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e
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PrROBLEM 1 (o>, C. & d.

C. Shew -that f Ahe  valizationg owe chservable ccentrollable ), then the feeolback configurat
with ggstem 1 m she forwonel peth ool 2 n the f@&mk peth & observakle (cortrellable
ij‘ ok ondy rJ(‘ 2 ool Quls) ave coprime .

d. Exsencl the recubts Ao 4he case of sysfems with olivest feectthvough from

;ﬂr‘«* *o &u&t‘{m&t .

WNe ave ?6\"/‘3 Ao <hew +Hhe ebseriehble coge i C. . o centrollable <ame few St
(Onet contvoilable ease n @ . ool obmweble ol ., decause Aoy com be sheweol
with, olmest the same Pmcea&mfes D)

(e yealizatione ave obeevyalble Srcel ?veeﬂoao‘{ asynect oy | So

S\:% r)'(.: AvXy + b C\u-%1> ol g 727,: A b= Yy
Y= C X, Y= CouXy

< % 5(( =MAMA T biCa Xo +bill s g ';(1: AxXa¥ b2 Ci X,
Ié!:C\X\ \ %?‘:C‘LXZ

Fhe combinedd @C(/E*i‘enl N

7.(1 Ay bics, x4 bt} {"QJ
s | = . -+ A MOQ — ECI ‘] %

Xl [chl Az] [XJ [ 0 4 @ [ %

Shn—A, —biCo ] =)

CEI-A)'=(ci o7
“‘l:zC' SI)\{'Al

= [a o> Fhljff:}: ‘ffjj =[a (A4 raF) —eEa] b o)
wher A= csTn=AY" , Al=[CsTne=A2)~baC (8Tn=AD ' bice ]~
= [eTne ~A2) + b2 * &) /i) ~ Gadi
(A2 o pes) = (ST~ A2) ™ +ETa-AD™ b2 (L8] — Ca T Ao e ) eI AS
= e A+ (STa—A2) b2 Ca (ST ) o\.(s?c‘fcl?i(;‘)cs 900y

E=-sTh - A" bic,

= —b2C (8T -A !
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HEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUARE

wnnn
000
—c

<

—NO 9

e

ey

EAA S

ol
Ay
wvarronat

prRORLEM 1 (c) . C Cceont)

ownd

Cr (A +EATE )= Ci-[ (CTi=-AD " + B8Tn— A i Cy -

IR S0P

((SIY\\“ Az')—‘ + (&lna —Az) e Ca QT A2)
b2C) (STh— At ™! ]

= - [ STn=AD" + (STn=AD ' brCa (STh=Ar) ' b Ci(STn— A7

Aus) Q(2) *g‘m‘}xx)) )

quspacs>

+ (ST =AD b Ca “(STheA2) ' b2 C2 ({Tn= Ad) by CUST =AY ot

= 5 o =1 3\(9) F.0) - =
Ci (STmi—A) '+ AR Az Ci (2T — A

2 ) S G CCLCeT — A
+ L) QS Aels) AdDAzed-F8) T2l el D
. Gater Q2 (8) L Egl(cs)/ @.z(@ P ?J nx(g)j o (=)
T o020 = Qi) §a (D) ‘ IR - & VE
—CEAT = &lshy=AD bi-Ca f(sl“nz»Az)‘L (STha—Ax)" b2.Ca (STne—ho Y " 21821
a-g3)h
e ﬂ[(g) " I -1, HE) %L(S)V Furaz(ed ) - ~1
= e " CEmAD) F 56ty QLAY -G (DG () oS
R2C%) Qi () Co (STw. — =
EE a.cs)cucsv—g,(&)‘}lcs)‘ e Asd
Gt G oo B>, ey ona] a4 i3
A R G (G200 Bl i
Sc&ﬁ;tu@u:@e qua;ﬁion =) owel =) m Q@MMEOY\ =5 5 wd Do
(22280, -+, @18, 0o, T E, ), <5 5 Tt Eonn ] q

-y = o
.C (sT—-A) QIS - P> G, )

- & £, ;

Kecatl he eprtion CO ool €2) on b. on page € onmel  the epuation (> akoye

with  2lmost— the same Jproceslure ot we /S pert a. omel b we

Showed Ahe statemendt.
A.E.D.

—?131 ]

[l
o/
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NATIONAL

We em.ég show he s*ydmc are corneetes! ac Fhos€ m ease a.
U@'—d)

& g &;%A%ﬂ*bnu_
Us. Cix) 4

Szk (‘).(7,:/\9(2‘*',‘:2'5‘ s g kltAaXz%‘ b2Ci Xh+ b=U
- Yo= oyt Y, J== QX 1+ CaXe+ U

The mewo séf.ezf"em,:

P’(f
L&l

A O rX\ bt

= ~i + SRS
by Azl (X2f bz

léz =L € lbx XL]/+ u.

Srm:»{?ay as zthe vesulds n /acvv#a. we Aave

s {Al @) ] )’—l. bi] = [CE;IY!V‘A'O“ O NJI" !rb\}
( (b0 A = i(«gIYVzVA?.)~(bZC\ (STni-ADT (SInes SRS
= CQIm—A\)“b\ ‘J

(STh—A2) b2 C (STa- A0 b1 + (STh-A) b2 |

/ i~
[PuCSY, Pale), =~ > Pinsd]” -

o Quled
Py, RBet®, -, Pene (Sl]:\ g, ¢4 sz|C§)g_;j;i_‘EZj‘3(3’}/j
{ QLCS) AL 2(S) i Aa() ]

[P0, ) P (9840, @@+ P, -, BueortgiesiPoms
Q02> Q=03

S o, we Aave Hhe wvesulf : Touo _w.bggcz‘ean ith oliveet ]Qeeoffrhwugﬁ ]Qrm Pl
o ow[]m,,;t*, onol f both systeme are centrollak fe . sthen  eerier cembination
Cf agsdem 1 f’elfeweo( géf 4 i controll ahble '\)0 ool m—éj I‘f) A=) M&e

AiCS) ~+ g,cg) are ce’b)f‘i»me ’
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PROBLENM 1 ¢d >+ H*—7 ON poge €35 , in “Texy one .

~NAaTIC AL

Show  sthat

A=AT B] l (T(A+BK AT Tﬂ
= yon s fed

i 8
‘ =@ E) - (C+EROT ™ E |

]@w any nm&llyw/m“ T and K. Can you cencludle W:ﬁhe FranemisQion =erog sure

mvaryant= enoler: any state /peeo(fgacé ondl, angf  eprevalence ;t‘m/zm/‘%mrmwm? Can

you coril at Ahe same conelusion ﬁom the facts Hhat « odate f’eeofwgowé

Hees net  affect sthe numerator metrix 7Ca Arang ~w~ﬁw-af€&n/ matrix ool Ahat

n
an é’gaz)u«z[ence m!?ﬁcrma:ﬁan does net offect a ;VW‘I?Q?”' 74«419#’?167’1, matriy 7

NOTE: Te ¢ easy #0 hew Hhe fw\s*: pont e problem etatement e u.)mﬂg, .7

Aesume  T=1, A=1 , B=2 , C=3, E=4 oud feedback r<=—%

[ B -A 2
det [ AT =&Qt{ Jz 0= 4N =10-(2.5-2) St
[i~-¢ E| L TR &
T(A+BK-AT)T ! -3~ S e
L. =fesEBKITT EJ L © 4 )
So, whken 3 =25 ool Jov =-0.5, ¢he m@ag of *we matrices, o nof e@mf. RED.
Shia -tk T(AT-A-BIOT™ T8
AT - B AT= A T
vamk § ]ZW/WH’ St ()
—C E). { —(c+eR) T E |

foﬂ amy ncms;nayw(cwv T oo K, coe--.

SHowW: New Tt e more easg do chew Hus s;baie*n;\%i‘ are ToTreck .

.. [ TOZ-A-BOT™ T8 [T o] [’%I-A B} [ 1 O],[T“O]V

4 )T B (0Tl )UK Ilo 1 /
ool e Frvat > dhand ol fownth matrices on he right—hacol siele ejl epmation
abeove owe ful( Y‘e«r\v& madriceg if T s na’he?)ﬂ?w(a\‘/\. Se, we &RMO Ahe

[hetement . 1 &\ 1= \;D,,,-.H
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PROBLEM | cd) cont.

NATIONAL

Tes . New we can conclude thot #he tremsmision zevo: ame invawiant under ang shocte

fee&&x‘j{ o omat ez,u,ivcv{ewce ﬁomefomaxt‘en . 4@&:471\.0 cwe  Aave Sgcfe/n/

X = AX + BIA
l(}';C’)(-&—ELL.

5{? Pave -)Dge&bcmcj{ U= KX+ v > where v e mew T/nj?t««x", then

X = AX+ B (KX +Y)= (AMBROX+ RV
Y= CX+E(KXIV)= (CHEKX+EU

s~ camtol)
Anct hen @chua[@yw Wy@mm system satec X —TR , sthus
X = 7% , X =T1%

/QEP(CU:Q sfhege jmto sgstem (?WCO() _ we Rowve

% TR = (A+BK)T'R + B-1F
y = (CHERKYT X + B~V

Thot 2 pew gystent .

R=TA+BKT™ <X + TB

o - e~ Cmea))
Y= (c+eOT' X + EU

/403070&/;:7 sto fthe O@G]E;mlm}i”c‘.&n 7(’ HrommisStion Zerof | IJO Se 1© Hfzeveo 0]0 new dé/t‘(am

Hhen - =
SeL-TCA+BXT ™' g TCSI-A-BKOT™' TB
'y\amk ='Y\am/k‘
{ | = Cek)T™ E L —G+ERKTY E
. : ]’SQI_A B
= Fownd ‘
k | -c E]

So > we -Ka,vq Do i€ <the Rzeyo f newd agﬂwx “3C§ So it the #zevO Gf olef ca,s\-m .

Yes, el cai crmiite. At e )‘-’ads dhet a state fee&back does met mﬁeeﬁ she numerator
makrix ?E a jvamfbvuﬁwr)ﬁem metriX  owmel hat am e&aiua@enee Hvans ctiore leoeg
not aftest *msﬁ:@r»?\pﬂot(‘en mokrt L .

70 BE CONT.




e
Vo]
nationac

PROBLEM 1 (dy cowr.

Show whe e@mudenc@ %wam\n\oit‘aﬂ wase Pt Ue hove ep.

g X = TAT™' X + TB
Y=cT & + &

77!8 :f’vans\fg,r meadvi X

GIY e T (ol - PAFAY 0 -+ B
= e T LT (sI-MAT '] L+ E
= ST Ty G- NHTTOTR $E

= C (RI-Alp+E

Areong .

&%Sbarn

QED

zéL fag been showed in sec:tr:on/~2~f . anticm Cty ~ () bhat .state

/Eeecpgao,é oloes 2ot olter —the nwmerator of the Arans e% ot X .

Q.E.D
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PROBLEM 2: ( Refeh Ao ghe U Obgevver chsstgn, aﬁgoﬁﬂvm " o sthe lecture D
Do fwo\olem 4.1-8 , P=ze8 , ‘TQXT’( .
Plot "ture " auel ¥ ectimosted " shee Arajectories , moke swre sthat sthe  algorvithm|

e . Kete : MATLAB Mcéeoe]%r thie /amb/errv.

40-2 Shation — keefa;—ng Satellite .

For sthe etation - ,ée\g/:\mf satellte 49/0 Scam/o/e 33-2 . oées?jn @n choerer
Ucing  meascrements  yeo 70 azimeAhal position  perdurkation . Place sthe
obeesve /bo/e@. at Q=-2wW, §=-3w . S= -3w £)3W, whiel means Hhat

dhe estimate omwore will aéeca# n aheul 2.5 o@a,aas (2dw, UJ:ZTVZ?% m‘ycﬁad)

SOWUTION: PFrom g&#’{}(}/@, 3.3-2 on page zi2 , we have o‘rw?}na.( oyctem op.

Y

%] [ o1 o 0] [x] [9

|[= qu= 0 0 W | |% IOE.LL

i1 7o oot Tyl o

Ly Ll 0 -0 | [§] |1

Y= Tooro03-[x x §y §71
w:ZW/27\3=0.2144—4-) we  Reove

Tyl T v [x1 o]

;'x _loamsr O O o4z | X + 19

B0 06 P 1 | 1% o

(i, | O -wmg-wp4 O | (4, .1,

Yy=(lo o 10T [x x 4 §77
/é the &feccf)c‘ca;twm n 4.1-8, we Howe o choose sthe eheecrvern /aD/@& af

= —2w, ®=-3w, 5=-3tjzw , g0, we ehese F o
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HEETS 5 SQUARE
HEETS 5 SQUARE

s
SHE
SHEETS 5 SQUARE

.\t.
A
NatianaL

Observer Des.‘?’fn s

STEP 1: Piek F as
( 7
-04ze9 O © O
R = ! O -0.64333 O @]
@) O  -066333 -06432 |
@) O 0.6433% -o.e%%%}
gTEEZ N Choosae

1.00 |
e,=,(h00,i | crecx [OIG,FG,FZG.,FEG]=4,9 cond (@ =98

| 100,
L 100

STEP 3 : Selue F-T-TA =-GC ., we Howe

{-—34«777 36246 03886 -4530(;
T“—‘—i’ 2.3315 -36242  1.5544 -o\ooooi
-0.2210 .23l 0.3179  0.6236
[-o‘zuz 0.0362 14149 ~r5’~?‘i8J

STEE 42
;24',5306 \i
He T = |~0:0000
| 0.6236
L*Lb"?%’ ]

STATE - PLOTS * Because sthe orginal cystem s pot stable, we ean asswme (WOLGH)

W) =0 , Kod>= feo>r=0 , K(or=gor= 3, R0 =0s, 5 5,517
o oxw=p%y
PR
- » L | 34
— 418 O O 42889 ,%).%31
o 0 6 1 0

. 0 -~ 42%9 g3%4 O | \5)‘

yawr=cxx)=[ 0 o 1 0. X&) .
K> = F XD + G- Yt
uging disorete Egsham 5 Kpgy =D 9,\(&'4' [« IIFK‘ ) /4}19& sthen sthe /b/evfms ;

(By ”am »/n:vf&/? )
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EETS 5 SQUARE
EETS 5 SQUARE
EETS 5 SQUARE

nNAaTIGNAL

PROBLEM 3 (e C}m;wr:f? " Avansmiscien zZeregs 75’ a chemcoal rentor @é{& fen/
Also compute GleY. NeCAd » el /f;ﬁoe ide , colz roolz | fcng e MATLAR .

SYSTEM MTRICES EOR A REACTOR.

c N T N
1880 ~02077 615 5676 LA
A TOBBI4 —4.290 0O 0\6’[’5‘5 B= |56 O
| 106 4273 6654 5.893 | 185 smiag
| 0048 4.273  1.343 -2.104 | Lwse o]
] 0) 1 =1} \x
Cr= 3
g, § ol D]

SOLUTION® JFrem. MATLAB ., we Gé:éa/én sthe Aranemestiorny ZerOS:

8=2.2708x(0'T , S2=5.849IXI0” | 9;=-50304 |, Sa=-11916
A nb shern , we ochecf sthet cll Hhe FHransmission zeros are sh,%;?l’e«geé sthe.

conalidion
[ SI-A B]

F | e el

5. :fkeﬁ are OK.
C@nwas sthe eiyewajues @75 A . we Have

M=—8.6659 , Ax=19910 , Asz=-5.0566 , A4 = 0.0635

Al the ;{"rmz&/@n fomeleorn  metriX,

1 == B {1 {1 &
. . L L4 y ]

% 2 S* +1.6680ST + 5.7E3B S8R

S +5.5406

. Msw, [ lonst fﬁcwe\;%e contro] feol boX mamual . So. | olenlt
frnsw o 4o work owt the . pelynomial of @S from Ahe olata ! got .

Chech Ahe condirien PIMI-A.BRT <4, we Howe  Hhe oz s NONE .
Cheeb PLC/,7MI-AT <4 . NS Hove ode = WONE

4ﬁo€ sthen sthe ieoég 2 NONE,




Homework _set zod sof i Benme: Choen 3.2
PROBLEM 3 b Plot Step responses  amel Bede F!m cgt Ahe following %YWQYW functions
(> K=6r5 ;5 poees ~2E] =B, B.—85 5 zeoe: —| , — 4
\/
G Gawn K=68.3 ;|  poesy ~222F 1375 , - 7 tosezy , — &
Zewes —OQTE 0.3
@)
gy Hegy = 6150t (s+4) il €T.58*+337.58 +270
ggg (S+3F(R+6)(S+2-7(2+2+]) (8%68+§7(8%+48+ 5)(s+6)
égg - G1-58*+337.58 + 270
238 8%+ 168% + 9883 + 27487+4418+4270
i’ - -
52(5 Cii) Hee)= €2.3(s+0.917+033)(S+0.91T -0.3])
3 (8+z.22+4 m’ré (St222 - 1375 Y+ wﬁo\;gzj S+ 1T -03@27)(S+6/7)
o 68.382 + 125.2622S -+ 63.57977
(8*+ 4442+ 68053 )(S* +2-348+1.5148) (S+6./7)
, _ 68.38% + 125.2622-S +63.5797
T E%+12.9584 + 60.6542383 + 138 .08898 % 4 |50 o592 +63 eoa7
/ fove Ho wse r»y Arencl— /ouzttg #o oo wthe Me—/b/etﬁ :
lol i ST
I
o't " /
I
e The BooQg 'ma%mﬂu&e plete
10 oot Freme{ire funetions
10° 3 >
107¢
o Teo close #o #ell the fiflevences . ‘;
o® ) : ' ' : ‘ o
o™ lon 10° o' 10* jg* Creciees
0’ L e
_g)",
] Phace Tespenses ef both
‘ -tmo *mf@( f‘“’"cﬁeng
t.\/ _ch‘ 1
Toe OQGSE 5
—ZED°~
-3,00° : ; ! -
o 107! 10° Q! 10> 10° crad /sec )
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B Potiame EES0L, LINEAR SYSTEMS Berme: Clhes

EETS 5 SQUARE

EETS 5 SQUARE
EETS 5 SQUARE

0
0

42-381 50 SH
42.382 100 SH
42.389 200 SH

&
]
nvarianac

PROBLEM 1 (2 point):
X+X=u, X®»O=Xe , X(O>=7V; , X(YI=0 , X ttg>=0
Q. DETERMINE A MINIMUM ENER&GT CONTROLLER (MEC), HINT: wp= Ko AR §

b. LeT th:ﬂM— » Xe=1, Vo=6 , PLOT %), X=2t) & W)y, 04Ty

SOLUTION: Q. LET X=X , Xz=% . 8o,

§ ’;(4:().(—‘:')(2_
X, = X = =XtU= -+ W

The system epuation s
(2)=15 oG+
A:{o lI . 52[0] ; XOJXOI , X(;t)o:{g

Aecorcling  the Lecture mode of r0-1-87 . wa  Aave
F=e . [xap-erfx]
= e Al [_eAY goj:—xo:[::;j
Anol  sthe mimcomum energy comtrotler
i) = e~ Nt ['fotf S R g A AR 6
Now, we kove o fonol ont €M ondl @ 7AT. f‘w Abse. poniticulon

Pmkl?/m) @Qta!ﬁ eagﬂ, Ao Show —A’= A

<

Nt - s - = \ ’

<
S=+1 [Spa
-Nt _ ct swX ;]
E e —gimt cost

L ; 7
’: (QM /'\*%)

L(eH)

. e_A{_ x cost —enk
ik et  eest
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PROBIEM 1 a. Coconty) THE MEC

NATIONAL

- Last, d » 6 = e
wo = to 1 [T5 LR TR e r 3 e

= [-smt et [[TF [gwg ‘SM[@&(J de |7 [:KOJ

—S™ 6056 el & °

N

i —Stmxt = o
= [-swt oot \I*tf/z M2kr/ §/2 } [ X°J\
—S*ty /o tg/2+ sin ztf_/q_ =Vo

(e Sngtr/y LSt nyo)
6~ [-sint cost]-~| +8mte/2 tefy —emmzte/a) \-V
4.th + 4_8%‘1:5 - gn? 24¢

(8tpXo+4Xoom2Ts + 8 Vo2 Te) sint + (4 Vo Sin2lr — 8Xosivty8Uste) osY
4 ’c)c‘ af 4—8%4"%, —2onZote

MEC . weey =

be ST %=W4 , %e=|, Ve=5 , TeeN  swmatps=|, swmitp =%

(2 + 4 +20)8int +(20-4 —10) cos T
w4 = =

u) =

= - 647906 st ~ 32.7822 cost

XN\ _ oAt ft At -6, 5
= Xot wesH L6
(Xz(t)) il A

N OISt Siwk v foose —sm6
_ [ost st H ol ] \[o}_u(m&d
-swt cost) (5 —svk cost | Jo (o6 cese) [

cost + 5 amt 1 { eost swt] r (—aédf. 19068026 + 32 932286 con 6 J A4
= -+ :
-gmt + seott —st cest| o { 647906 8mceons — D298t s

i
» 4

. [oo@t + 58wk

-Smk+ Seost —swi ceost

+[ dst et (323‘?5:%1—16;1?764—8%«2t+l6~4‘?lffQMZ‘C’
J 1323953 sintt -16.491) t— 8. 2455 cmath

S N(E) =cost +5gmt - 32353t -cost 11609764 eimztoost+ 16,491 | St cosk

+ 32.3753sim"t — 16-4F1 1 t-aimk — B.245680 2t S

- X2(t) = —SmA+ Geost + 32.3953t siat —16 U984 S 2t st — 164911 Sim3t

+ 32.39563 gl cest —16.49 1t cont — B, 2455 swvn 2t scost,
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PROBLEM 1 b. Ccontd

WE coon use

MATLAR o Aowe wnice P[otg .

But, mf—wanate% 1 went ke

EETS 5 SQUARE
EETS 5 SQUARE
EETS 5 SQUARE

NaTianAL

9 raJoie *o %et‘ a  eopy .

ﬁ'\a \

So.,  Ahe femﬂwm? plots  oure Doces o olata | chtaine

-Fvom ’mv(j HP—-41CX . Pm?vwmn\o—kle calculatoy .

uced

30
25
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: ’ e

”’ls -®
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e
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N
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Lonus Boblewm EEBOT, LINEAR SYSTEM/ ' /?e/nma Chlers g

ey wns N L L |
PROBLEM 2. A6 Bouds on Eqemalucs. V) W@%m%ﬂ e it Bt

VAR
Ler  omin omel €max be #he smallest amol ch& : &ihguiam values oj" a madnix A .

Let 57\,1} denote sthe etge«swa@uo,s Of A . Shaw & © i IS MaxX AA L] S Cray
x i (&, A
oo RSN W ¥
PROOF: IN ORDER TO PROVE THE STATEMENT ABOVE , T AM GOING TO USE W=y &,
\—__M

Theovem 8 on Page 440, In AC. Zaanen’ g l_inear Anotl(de‘na > l?éO

CA copy ef Ahe  theeyem is attached #o #the Lasit pege - D

Lemma 1z A e s mneinga,c'aw matrix . Let i, Ae, - oA he the et‘fe.nbu&:es
of A ol Il 2 Rl Z = Al 7O » Then #here exist m smgulor velies

Sf A, C1262=2-~6n>0, ¥ >0 , we Have

< E s = gt
u Y5

|

PROOF = Use Singular vedue ercomPos?kien > we Jawe

, A= /
\\5 \ §3_r/ Us\v

AA =UuZV/'V-ZW = UZ* W

det (AA) = (det AT* = ket (E2) =47 6160 F O

Thon 5 a_cgc—r‘ag/\l«@ the Theovem 8 attached o Ahe Last pege , we vwweo&aieﬁg

bowe  the veauwlts . : QR.E.D.

Llemma 23 Let 6," be sthe chges:t’ S‘w?/v&(ow vedue ef A C)'venc?ngzwkow‘) 5 oned
€, %) ~ubl,. be e exg,evwalu.eg ef ‘%A. Then

€0 ), for 1=1,2, <m0

6
PROOF = ie7T A: USv’/ = ( ‘\‘(? )v/ 5 B 5 TSN s 0 ome CW(M VQ,C//LLESL‘%A-

So, 1,Xa, ), Kn ave e?«n%w(w( volues Bf;f'LA Ll Ocogy € ) , U=du~ea, vt
: ;

o RBE coNT.

Hsw

So, we Jfowe n g?ﬁxa,w(a,w vatueg Gi> G2 > ~-- 6:,‘ > © (aiwa,fdrs o be oww;wgegi}



,gowg p Yoblem 507 7 /gem el (Dhes

Llewma 2 CcoNT) Acwvi}m? lemma 1, we Aove

L A

m
Obherwise 2o FIR1E —s oo . GLE.D.

SSoo V=

Lemma 3 ¥ For o nensimgulor moevtrix A ., & & maxtEy >/\7\|I-%M°LX(‘7UD

PROOFE 3 let & be ow»b( @8%%&,{,& of 17'}\ L with etge).we,,cfcm\ P .
{ _
5 AP = P
Then AP 2(6‘§)P = 7\P
We see sthet A= 61% iR the e,tgeuva,@ue of A .
From Lenma 2 B we Rave l%‘ Sl - So,

!M=|6‘§|=6.l%\s6ﬂ_ 0.E.D

Lewmima 43 Fer o nom@?n&uﬁcu\ﬁ' matvix A . B =P l6:) & man (A
. 6/Ma,x O
PROCE:  For Al O Lt A=usv’, 3= S 6%, )
T B

Al=v Z-u”
|
- Emox O
z'=< =
®) e

" .
o5 6,"\6\)(('6\ ‘) =P WV\

ALSO, TF A Ras ewss Ay Me, = Xn L, AT deas evs Q=R Sl
soomax Uel) =1 S UARLDD
APPL% Lemma 2 a0 A™' ,  we ARoave
Gmox (A™') 2 max(I8:1)

| \
Emin = wim (1) = G S min (D




gows proélmm 2 501 ‘ /genmec Chasi 2.3

P
Ay
N

RESULT 413 TFOR ANY NONSINGULAR MATRIX A, BT 6Gmin ol Grax BPE THE

Lemma 53 For omy stngmlm motrix AT nxn has a yomk k. we can olway

SMALLEST  AND LARGEST SINGQULAR vALuEs OoF A , LET $A:} DeEnoTe THE
EIGENVALOUES OF A . WE HAVE GCmmm S ming [Az] € MmaxXy M| S 6 max
PROOF = TIT/S ALWAYS TRUS THAT mini|Az]l < mexi (Al , THEN ErRom LEmmoa 3

ow«ox LEM‘W\O& 4’ i3 WE PROVE THE Resu bl . _—-—& E.D

fvﬂo( o kxk Mv\ska»w(pw‘ metrix B & sudh dthat
(i) The exgenvalues of B ore also all menzerc eygenvalues ef A
(ﬁ ) TT\Q Q.Qrvxgw(mr Va}MeE 630‘ B ave bl nenzerxo Skxaw(gw‘ uazf.weg ef- A

PRCOF 2 (DUse she etn?mﬂnm value erw»raoQ:*'ieV\ O\amfl’\ , Let

=UsVv’/ = U VUL~ W

- Zk OJ Xl XZ 7
. [ © O \[Xs ij -
s [ (zﬁxx Z&XzJ L
L g (4]

ler RBRE23pX, , C==}X,.

A= u [g é] w’ o [S 2) has  #he some o as A
. "B ¢ AR ~C &
det (AT - J ao&%{ ]: MR det (ATp - A 1D
(n loo) & hita X (ATR ~R) ’

Sb) WQ éganvaﬂ&ec Gf B owe alro a«@(/ NONZTEXYO ecgenuahAeg @F A o\MoQ iel-#o

() From (i) . we Aowe

R’ ©
A/ = (A~ o’ O]\(/t/

ta— . R © 7 & C T, .,_ B'R BT
ApT [c'o L fila OO]U"M‘ e el W

/. /,
AMA ok fg,‘; S,CQ ] hewe mome eoigevvolues |

TO RE conT.




5Df I B&nmei Chiest

/g@ﬂus P’J’O b/&}’rl 2

nariaNAaL

demma B ceowm)

et (AT ~ [

1Ll

= det [ATR-BB]-olet [ ATn-k - CC —C’B(ATr—R%B)Y'RC]

: det [AIx-RBI =0 ool [BRIFEO = |rB|*FO

® o

Thms  Ahe %%enva,&,(e& @C BB  owe menzevo e,c?e,nvd.v\ea ef NA
Becanse 0 (WA = PCA) = B . s AA com oy dave R memeers
Sigemvalues .

Se, #he ecxgenvabuee of BB owe all homzero wigenvalues of A’A
The followtng shows thot #he wipenvebues of AA %O

A=U=zv’/ , AN=VSWw=ysSW
M= vIWUE VY = =2/
-{S
Then a,cwraa'v-—\? Ahe oéefv‘wfﬁ&)’! 7(' S’l’\ngu,évr‘ velece g :70 A AT on
pege egf m Hext one we. —ﬁowe
The s\‘ngw(owv velues "f B ave all nonzero eméwiav values e)C A .

AB.E.D

FINAL RESULT: FOR ANY MATRIZ A = nxn . WE HAVE |

6qm‘wx NS Mhblx;i < W\O«){a[li\g G/mow( .

PROOF = TF A e honsingulow . W e Sheweol T Reswit 1

IF A s simguler | from Lemma 5, we cam prel a med
B . sa. Bmax CAY = o (RY 2 Mo g [Ny ] = monp (A ]
sl iy Al =0 . B 0. ot e > o Bl 03
Thew 5! we Aoy Gmin S Win g [AL] Smex LN ) € S nx
KR.E.D

ENP oF PRORLEM 2 .
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ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

0 SHE
0 SHE
0 SHE

rs
~
nNaTionac

PROBIEM 3. A4l on P“ﬂe €62 N TEXT one
IR /4 IS an mxm mw&rix with e.wvg €7u,~~- ,km} ool B s oy NRN

metrix with. e.p.g %\M‘,uz,\\u),(,(nﬁ > Shew that

’
W

{. The ew.s sf ARB . the K@neckeyv procluct of A ool B are Sy

2. Pet ARR = (et A)™ (Lot BO™

3. The epuation AX+XB=C can he written a8 (A® L.+ L.@RX =V
where THL.Y? are column vectons ﬁc mn elements formecl from
the vows of X. C Crespectively ) Anken . cveler 5 re.

=0 % -~ Xin “‘%mnj/

E. Use 1 ool 3 Ao zhew that he matriX epuation has wnipue solutien

if ool en@cé ?j" A ool —B Rave no e.vig i common .

4. Show #that the matwix epuetion P-FPF'=Q , whkeve F a~el P ore
Fwen nxn medries , can be written as (I—F’@Fﬁ)%:’\/ where

X ool A ave, ohtained from Pavel Q .g# "sﬁ:wéng”;fﬁe rows as im 3,

SHOW: SHowsS ARE ON NExXT [EUVEN PAGES .




501 Berme: Clhons

PROBLEmM 3. 1.

~varianat o

SHOW=  we only ARave #o show thet = ¥, A where 2 38 ewn of A ool

M e ew. oJC B . then QU s ew. °f ARRB -

$ |

leT PW
P
‘ F:[‘\z be a EW. of A assccoted with A

\ P"‘)

ool Gl e a Ew. of B asseciotecd with M.
Then

On iz ~~~ Aim

AP___ a\zl Cl\zz ‘\" az‘m

o]

I3n
l l\}

i > | | - |
ammJ < ml l\.avarl”CtmmPL“‘” “*f'a,um'Pm)l M)m)

N

®‘P'+a'lPl+“”+ amem 7L(P(
Oz Pt Qz2Pa + <-4 Qo P |= AR L.

{@;M dm?, -~
Now , we are gomg to show Ahat AN omel F@C{L ore
e.V. O\M& E\U\ (%f A@B‘

anwp Q=B - QIMB] R@T
Q|
(A®B) (POA)=|%1B 0=B - Qnp R

~
> |

| % 3
(A B B ~ - OB (P

e all Pl B&+ a&?—Pv. B& + ‘“"*‘ Az Pm B@\

N

0P BAY auzP RQ + ot AP REL }
|
|

i&&mn P B@:’ramd;l@&v_k ot Clinem P BEU

(&|(Pi %’QllP;f‘\*“i‘ a.um ) /AQ
(au?. + Az P+ azm?m) /l,{@?\

~

L (@mi Py +@ma Pr e vsot P ) M

AP AME he
FRoM E@.C1) P APLEL| _ f | P& =nMm-(Po6)
L APu G Peg

Se, lt}ij, , WL um, pslLz, e ovre  the . o, ... ef ARR

ouon ABB g waxmn metrix whieh com aw&j, hos  mn Q.U.S . (v
G ED
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Bonus Problem 501 " Benmes Clean

PROBLEM 2 2. .

SHOW:  Fygm 1. , we fknow %lt/u,}- 1=1,2,~-~m; }:l,z,\"hg ove e vt

of A®B . o [A A, -, AmE ove. evs of AL ML UnY ame
evs of BB.
Ancl  from CRC  moth fomolbook , we HRowe

L g N PR PN, SR SRR -1

et B—%,,t(.-,uawnr la S 0%

det A®R =TT - ﬁ'm;,u,}

=1 &=t

I

(M A== Am) ™ g~ i )™

I

(clet A D" (olet BH™ G.E.

PROBLEM 3.3 GHOW:

Qi s Qum bu bz~~~ bin
Q21 Q22 <~ Qam | R=| b2t bu~+ban

[ -
~ ‘ {

iazvn‘ a,mz_~~~amwp '\bh\ b\y\z,,‘”g)nn/j

IET A=

(’(“ X o> Kam (c‘. Gz =+ Cin
CF

S P
>
i
T Ty
e XX
No—-
—————
~
=
]
T ——
(]
N -

X: i« ')(Sz! X:LL ~=s Kzn IE 3 C\z\ sz =800 B , C\
.i . f y oo | [ e
Xt Xz > (X’M"} { Gy sz_ =& Cw.n ( Kmj LCm,

m m m
fg‘ X glamxn_ s iXin )
= ! |
v.. AX+ XB = | g azLX‘Ll §. O»ZLXtZ -~ _f}atl?(tn ;
| L= |
|
|

X\, Z— CLMLX\,I g_laML T e \QJ"\\LX‘JB(

CED

=1

— X <
N

m \ -~ ‘
.9 E %t’%;|+§?(7"i«bl\) TS Z\:aﬂwl'x—bhf 2 (er\, bv\f\ J\CVM Y ‘Cmn};

So, we daw Ehe |ivewn epuntion

E o;n')(u*i-ﬁ%ubu)

T=

T § G,nt')(m'i‘iﬁ(mb‘w) =Cin e R SR AL
{

Ay an“—ﬁ?(mt =Cwmn

iMs 5

r T
E%QIEXU““LZ:IXIEBU =ERS IVX(,YL'1’ Z XILbLh) 1 ’(Cn ~~ ~Cin ]
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PROBLEM 2.2 (conT.) Now . we short fwm eguodtion Asalows
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Xi= [%Xu, -~ Xan]/

|

L At Tn X1+ Qe TuX + o A (Omn Tt B¥om

where T, 2, e, v

2

So, she ep- (2> akbove

(anTn+ B/) X+ 2Ty Ko + v+ Qi TaXm

[y
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]
|
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AQuXi+ QeXp +v 4 CamxAm T B’rx‘

-
.
e
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|
| |
< aMI'X| +amz'7( e O QManm+ B,Xw\;

] 7N
G + 02Xz v Qo Xy 1 EI bu XIT/
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A Xin+ Qa2 Xzn + C(iYnan 1

= binXiv

=1

{ G X+ GwmeXop + -4 Gomm)Xmn

n
+- :é'bln?(mi

A n
o /(/\yw“/ﬁb . [%QEXU‘FE;XRIOLI : ( ?"\E
\ / ; ; ‘ iC:Q\né
Y(S = gawt’x-ni—t:")(wbin; :}/1 s e ()
L g@maxmiwé:")(mbm) (CW\Y\;

Cnm'aowe e& € oand (3>, we shew Hhat

AX+ xB=C

AX+T ZB=C  can e wnitten as| (AR Tn+In®OBIX =Y «

DR. HSU ; IN TEXT, THERE ISz AX+XBR=C = (A®@ In+Tm®K)
o b b
IT 1S NOT comRecT . FOR Exampte + Asa , B=(p, o), X=[x %1 . C=[c,,Ca]

THEN  AXHBRE = [AX i+ KibutKebs , Ot XibetXebea )= C=[c\ ¢.]

atbn by _ [ +buXi bz Xz

K

AND (AR T+ T.O®R) Y =( ) ¥+ (g‘ Y becanse by & bia

)

bz Otbea ‘)(L)_—~ bz i1 X, + &%+ b2 e
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E. SHOw:  AX+ XB=C'HAS A UNIGUE SOLUTION TF AND ONLY TF A owol —& HAVE NO

Ol h»//r@“ o Text 2.

Brpelin Dty

1. (ONLY IF PART): AX+XB =C HAS UNIGUE SOLUTION => A arel —R HAVE no commom €.y.gl

gw.s |IN COMMON.

\J

We prove it by coniradictton s assuming A Gl B e 5 Bippai, -
ez,emunéae A ord P i a EV of A . A i a E.W ff‘B'
(we frow —B ool —R’ howe the same e.p2 ). St

AP=2AP ool —R@=2a Tws pa=-NG
From 1, we see shat ( Tw, Tn Hhme ewvs of 1 wum EW To, w101

A s ew. ’of motriX A®Tn owel Tm® B/

(AR Tn+ T,.®RD - (P®AE.)

allIn+ B/ Q2T ~-+ a\W\In {' Q\

= | Qu Iy Gtk -. azm Ty 1 . i PzQ 2
. 3 J 4

Qs 1»\ alﬁl Iv\ Y Ckmrv\ In E/ ‘ \Rﬂ&/

ra.|iR,&+a;z%&*‘ ot Qim P""&“_ P? B/Q
= Qz P@ + Az A+~ + Qam PuB T PLRQ }

-
@

O RO+ O a P+ <+t B PuF P B8R

1 (aupl +C(\sz+~~\+O(\w?m)&~7CP‘Q
From 1, eguation (1> 715 (OaP: + QuzPet -~ FHOamPr)@ ARG |

: L (P ¥ Qe Pe b =<+ Qe P ) & ~AR

» ( AR &~ ARG
7LPL& KPZ—Q\ :O

[

3=

{ APnB— ARG
Because P, @ owe BV | PG #FOC , Thug
det (A®Tn+ ITm®BR D=0 ,
Thet g #the matvix e@»«a‘:&ien ‘E\as‘ no Dtmiawte selutcon . CONTRADICTION ! ga,

A ol —B  fowve no ews Yw  Cevwwvion | SHewED oty TF!




Bonus P‘V oblem l Y Of /&nm e Clhen

35

A
Vol
NaTIoNAL

PROBLEM 3 E.(XTRA).
The ‘f " past ¢ IJC A ovcl —B fowe no ewns in coOMmmMon.
We ewe goimg %o ehow FAL-M§t ore she e«‘ge«nvasﬁue ef ART 4+ Tm®R :
¥ A the ew. of A, ok M L Ahe ew. of =R (1% ew. of =R/ %oe).
Anel P e EwW of A wuth X, @ 12 EWV 0} —B’ wuth ,le

(ART,+ Tm@ R (POGD

azt IV\ a'z,z,]:n‘f“g/ RN & azm Iw PZQ'

| ~

{Qth-!' B/ ai?.l‘\q Svs o I:n ; PQ"!
|

o : 3 el

LTk el 5~ QuoDnt® J B

(QuP+ QP+t AimPr )+ RRA

— (al; P! +QZLPL+ ““{‘” a\szm)& + P?,qu

>

L (C(m. Pl +aw\2 ?l"" b “J‘QNMPM)&+ Pmﬁ’&j

( l?l &‘“‘MP!& P[&
AP @ — UP P,
| = (N~ S {=
FROM 1, eg. ¢y = T 5 *;7‘ ,{L) Y - (POG.)
| i | {
AP~ M6 kP»»@»)
o =My 5 1=bz,om, Fs bz M one dthe | eapg

ef matvixX - (A@I“‘th@BI) . Because A MOQ —-R ‘Q‘MQ no Cemmevy €WU.R
Thus  A-MGFEO . TmL:Lw, pEhz, e

And A®L+ T.®R s waxmn medrix which com My dove mn g .

So, Ar—My , TELE, o™, FEl T, s, n ove all e s of A®T.tT.@Rf

. e ;N
“ et (A®TW+ I.®B ) =17 L u-Mpp=0
THE MATRIX EQUATION HAS A UONI@UE S0UTION ! END  OF  IE  PART. Q.E
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PROBLEM 3.4,

SHOW:  \ET

fn flL il f\n}
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: # | ; i i R
Pn\ Prz - j \X“) .\'Fm fnz ‘“?vm,f (?m e gwu" ‘Hr,\)
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Pu By vo- P ] fn fl’l A f\h (Pu Pee =P D
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M=

NOW ,  we sdewsk fysm epmation (I~F®F)X‘=’}’

n=fuF < =fuF -~ -finF %
(€ F®F>X = -—f'zl‘: In- fuT: s ’"fan 7\(1
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~ i

3 b S
< |

e < |
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[ % ‘(quXn + P FXet o+ finFXn)
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PROBLEM 3.4 CconT.)

i e fin ] [PY]T
FIXL = 'Y‘u fwsg LR f-u\ N P\‘,l

%“‘ ?hl,‘ o ?hy\; ’\le

{ £ flxpz,a,

o«
& fra Py

e, epuatten (b) obeve .

A 7
 Bu= t%-‘si\l = S Pi{f

ar‘l
P 2 £, 2
(o) =| Tm=Z f:c‘%fw}?q

L
P = én;, = Sty Py %
Lkl il |
g Lo PR te ny PLJ/E 7 | S

Pra——
?\D ¢
b3

St

.\"'"’"‘d“ =

Com’,,m-e Qﬂwitw ey | ko 98,~ ) on the prevtens F@ﬁg, we «wae he coneduglon s

MATRIX EQUATION P-FPE/=@ cAu BE WRITTEN AS (I-FOE)X =¥

e Mpwx et K q

END OF PROBLEM 2 (BoNUS) -
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l‘ 440 COMPACT SYMMETRISABLE TRANSFORMATIONS CH. 12

Since generally ®(x + 4) = ®(x) + Ad'(x) + 34%*®"'(x + 6k) with 0 <
0 < 1, we find ®(x + 4) — ®(x) > 2®’(x), hence

{®(x + k) — ®(x)}/h > ®'(x) for positive &,
1D(x) — ®(x + h)}/| 2| < @'(x) for negative h.
This implies

O(x,) — D(x,) > 0'(x,) > D(x;) — O(x,)

Xy — %g Xy — %,
hence (3 — #)}{®(x5) — P(x5)} > (%, — 23){P(x5) — P(%,)} or (x, — x,)
D(x;5) < (x5 — x5)@(x,) + (x5 — 2,)P(x,). This gives finally

O (pyx) + poxa) = O(x3) < 1, Q(xy) + 9,D(x,).

Theorem 8. Let the bounded linear transformation T have the sequence
&1 B ... Of characteristic values 0O, each characteristic value repeated
according to its algebraic multiplicity, and arranged such that | &, | > | &, |
> .... Let furthermore &y > h, > ... be the sequence of singular values of
T and T*. Then, if w(x), defined for x > 0, is continuous and non-decreasing
and such that ®(x) = w(e?) 1s a convex function of x, we have

L7 (] & ) < ZT o))
In particular, if s > 0 is arbitrary,

TGP <ZTN,
so that, if the mumber of characteristic values %, is z'nﬂm'te, the series
Z 7| & |* converges if T A; converges [12] [15].
Proof. Let w(x) be defined for x > 0 as a continuous and non-decreasing
function such that w(e®) is convex in x. Then ®(x) = w(e®) is defined for
all real x as a continuous convex function which is non-decreasing. By

Theorem 7 we have IIT || < II7),; hence; writing a,.' =log | &l
a" == log )\i,

Pa, < Iha,
Then, on account of Lemma %

I ®(a;) < I} D(ay),

Tl ol &) < ZF o).

= x*, where s> 0, x > 0, the corresponding function

MOT\C 2 THE Q/Q&ok/va\e;(e»,.‘?gf el od UO"€~\/&(“ o,( QF b trovy o Ao —[} - (3;3
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BONUS PROBLEM { | EE5DI, LINEAR STSTEMS

e

GonzaGA Bewmer Chen'

HEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUARE

NATIONAL

/e Guvs A COM/D/ETE STUDY OF THE CIRCUIT BELOW =

A 23 Ve =y Xs=Vc| . D 2 E
v T {F “v /
SIS SN "ij
e f Ry @Kgcﬂ Rz o

{

> o

+

0]

INn the circuit above , we assume #$wo tete variebleS , X, =in ., the
cwrrent  Athrough the oluctor-, awd x2= Ve . sthe veltage rose the
Cepacitor. Kwémg at sthe Locp ABDO , we fave

Le% %2+ CRKa = UWE) ~————--— (>
At the nodle B .

X+ kjer =Xz + (et §I/R, -~ - - (2>
Anel it s obvieus that .

yeer= R=- C Xa R T il (2

/Qewm‘;fe Sthe eﬁuax‘c‘on >, €2) anol €3> gs= 5

L,’).(i+ CR2 % ==K+ Ut =i a)
C‘-(&lez‘pr'pz)’kz = =R+ Xz o 2hH
e = RZ/(&R;Rz“IQ\ —R2) ° ('Rlxl“" X2) --- (39

A/ow we ean write cdown Hhe fate varable 8%:2‘% /%m s

k TR AT anl fi0 - N
[ 0 C-H&R.vzz-k.—RzJ (")* [—R, | J (L)* ((')) e

C

jr= [~RRe/ckrie-Ri-Re)  Re/lkreaki-p ] ()

Or SE,A.b, C.dl with

- b I L =1 | R=
E= o~ Ck=(y), CRreamlR 118
0 C.f‘k{hkz“zl"pz]; 1 R U

: e

EJ




BONUS PRoBLEM 1 EEHSD1. JINEAR SYSTEMS Gowzag 4 Bewmer  Chen

43540»79 sthot RRIR: =R —Rz2 =0 , +hat s

K # (RitR2)/RiR2

The system can Be simpleifiecd as

{ s R: J7' [0 ,.‘] ~ CRe ] '
i = . x4 {~(O)wt)
;‘ O C‘[&Rch"Rl"Ra i‘R| | ’\ 0 C(&R‘R"R‘*Rﬂi
\
| R=
A Il - - (I <R
o L,GQR!RL"R\"RL) O f] it | W(RR R,y Rz)] ( )u(’c)
== ’ . U ) -~ “ |
s I L (0 TReRRR))
. © C (kRiRz—Ri-R2) /
s
L RiR= o =y RRiRz— Ry g
Z —_ L/(kRIR‘L'R\‘Rz) \ k(kR\Rz ‘RI“RZ) X + | | an (t) i (Q,)
B Ry | i y\ 0
S)‘ « CRRR—&-Ry) C (hRiIRz—R\“Ry) /
Yt) = ~RiR= R I
% ) < kR‘RZ"R\ -RZ kR\Rz_R\—pll K o (b)

LET <><=16/?;l?z“¢9:'Rz # 6O, we HLoave sthe #naﬂS/erm ﬁmefﬂon

- Rk _BRIR.— PRy
fepp—Sike , Bs ST T ] Vi
B =< ) oL \ ’ Rl - | k D
(o= S C~ = 4
o ~ CRRz = S a -as
Celosots 8= (L + CRIR2)S — R, xX-82+ b3+ L

U here a=—RiRz/L. , b=—(h+CRR2Y/Ch, A==R/CL omol o=BRR—R —R,

Then he yout - Leces The unit step response,
P 4 s-plave §e>= *W%‘E:—??Z(
y’ﬁf | TF B —4%d20 , the unit skep-rexps
j{ =0 e . wil leok like,

/E [v"'CRIRz %(t) R

CRiR,.
D(kIRRE % / .
ST

‘&\\
Othevwice  the response will be Like

\ \/ | ? ge T - W/_ S r;\:t

O

nee
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BONUS PROBLEM 2 | EESD!, LMNEAR SYSTEMS ! GownzacA  U.  Benmer Chen

o,

2. Disscuss How To CompuTe THE INTEGRAL (
!\
t LAg
Jo €%ds  TE |Al=0O 2
el RTINS

1SSCUSSION ¢ ,4ccamé’”y 0 sthe cé'efma,ﬂen :

A *
eASZ&»I'f—AE“'_'Z—.I— -'r——?TG" A .. —1—'%—6f"+‘-~ , VA

Se.,

j ™Yy = j (I+A5+A 6"+%6 +s ) e

=X -fJds + A [Tode + g'fotcflo(s‘\— ~~p

1.t~f———~t + A St Z,—t““\—-v-

ije‘.“aa EHFRE <€ T .1 "I»r i +%§;f ]]]'1

Se. he epuation above Can be easilly eewym(;{'ea( «éy ae‘rnf G

recursive /ngra/n’z/ Ix /;m:h‘ce) (4 inite 7 , sSay (0 er too ,

well  be foeof eﬂwl.?iu z‘o@ a close resuwlit o ffe“%w.
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Aga;n . use MATLAR sto cheek she conditiens . we Howe iz -»‘*"ww \/

be w3 _*"‘_Hu(%)““’{"""d

- @}f

The *mmsfeg function for #his connected System iy

His)y = Hits) . (E+2) (43D
[FHORs) — GEFEDEE4BST

HE® e Syredueible anol deg acn=3 , fm Thm 24-4 wtext 1, we have no idz amd

An& then yice versa: Uge the vegults w- Pawt C , problem T Cey sf Hw.#4 , we Hhowve

x] [-5 -6 1) [%= {1 Xo
Xs=1 1 O W E Sl 13 ML y=[11 ol s
*, 1y -8 Lt LGS %)
CHECKED , we howe idz=-\ omd edz=—t——" fodz ' \/
(3 H.(s)=%|— ool Hz(g)z—é:—,'

EXPLAIN 1 From she yegulis QJQ part &, pvoblem 1 co> of HW. #4 . we Arew

HI(S) = He(S)  ie C‘i) amel  Ha()e Hitsd :g\yfz‘c.
- a2 net €O,

Homework set  Nnox § 501 Ervel o Hivi Lo |
PROBLEM 1: Repeat problem 5 of Teet #2
o 1 _ S _ St 1
Ai®)y=—s51— - H2®) = —gra>(ev3) = S5F68+ &
We cam vealize both systemse -83 CR-3 . onol trs easy #o check that betin realyodions are c.o.
3 Xy =— % : X 5 -6\ /%
5 %X‘ et iy P2 7( ’.“):( )( )+ (' ) gz ()
= %X X3 o0/ \Xs 0 > Xs
§§§ a. Hi(S): Hals) Use the yesults m problerm 1 ¢ Of Homework #4 povt Q. ,we hovg
[efeic]
Egg the connectesl eystem
B % -+ o O7(x] [ x\}
l=l | -5 -g||nlr|olw & y=To1 1T |x|
; W Lo 1 oflx (0 %)
&2 $
O
q & C
. N CAund = pl. 2,38 check P MmI-A BT M(’Y%L-A] , we hawve °J¥=‘l,
1.
Ha®His) |, +then #he cownected std&fevﬂ g’
x;] -5 -6 07 [x ;l] £
“=) o o[[%+ 0 & y=foo 1] |%
~ %] 1) ' Flm; Lol (K

ool |
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PROBLEM 2° (@) A=— (B+XT) , GChow that A is stable if X =B

SHOW: et A be the e.v of A . then
AL —Al = [AZ+B+aT|= |+~ (-B)| =0
So, A+ & an ew of —B.
/40:07065@( A.€0 on page ceg in sext 1,
Mt | s d-BY)=6cy=[Bl, ------ <
T RZ0 » owol from cttement we Pave that o > IRz . However §rom b

IBlla 2 | At | =] (X+ReGV)+ 1 Tm 0O | =t ReGUF+TRMD 7 X+ Re) 2 & = < [[Bl|

CONTRADICTION ! Thus Re(A) must be rnegative amdl we showesl +that A iy/stable. | QED
b)) A0, |ATEIF O, Show that || (A+EY - AT S UENNATN - HHca+e) ||
SHOW: Rewrite A+ E = A+ E-T-T ol Hhen wse A 2y 7 pEgeE5E i TeXX 1)

(M =TTy = A=A 'E(A EFD) A=A - AE-(EFTAY

= AMEY'-AT=— ATNE- (AYE)Y

> leare)y = atl=-A7 g care) ! =111 AT E - (AtE Y|
S AT NED - cars C2-92 eon Ps‘g.‘m/wfz/)
= [g]-]a~]- Jcarey | € ot 55 mesli ) RED

Ate) (At = T - (Are)A < — &A™

W ArE) A s (ar ey E AT




HomeworR set  nos B 501 Benme: Chen 3.1
PROBIEM 3 Cancider the maknix epuation pP>0 , @& >9
- — X AP —xPA+ AXPAY (X*— ¥ )P=-@& # denctes +the tromspose conjigete .
Shew that exgenvaluee of A are within oo eurele with yacliug ¥ .
SHow: Assume A e an ew. wj‘ A awd € i an Ew. acsectatecl with it, So
AR=nE = @ A =pror
%%% Then . pre- avel poct —mulkiply X ol e, vespestly | vo she epuation i stateret
§§§ _gﬁ[—ocA*P—txPAﬂ* A*PA+ (x> P ] = - e*Re
— X @*AFPE — X @FPAL + €FRPAL + (x*-¥? ) .€*P L =-e*@e
~2‘ — X PL ot OFPE + RN €FPL + (xy?) - @Pe = -7 ge
3
Thug [ AF s A - ¥E] L kPR = —€¥ae (.0 P>o, @>o
Pa <o
. XA - x A+ A+ x2—Y2 < 0
let A= atri-b , Then we have
-
—20x tart bt x* < ¥
oR (A—o )+ b~ < ¥:
So. we fRave <hown that he eigenvalues of medyix A ewe within a cuele with

vyasling ¥ owel center l«ao:vv‘l‘ (x , 0> o&r KAJO | / QED

~

~
7

-




HOmeMOpk  NO: &

501

4.1

.{.
oy
warionat
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(D llse the model 6aY", by “twy omel erReR om T ! determine an  approviate feedback

Jain maArX  (oR vector) K EBRW!

(iy “ Cewlfgaﬁe ! gowr results with those given im (10) ok OB, B(at mru-\-%g ew. 8

of ClOSQoLIsoP system , yoot—locus , Nypuost plot etc as yowr wich .

~

.

@) pick T =05
b) PICK T=15

C) Pick T=20

one Pm’*iuulm“ P-C.>, { Covn 07\2% Ro Hhe eemporision %}f emmfwfcmg Fhe ergenuaiueg:

s

>

>

SO Oo0 0O o

SOLUTION:  Frem the papep , we have

0 0
0 0
0 0]
-546 OISR
219 20
=314 538 -

we  Have

we  howe

we ‘15!406

K20 = [0.073¢

Ko = [982.6 2476.¢

114-4F

PROBLEM 4-: Refen tox Cemputer centyol of a Louble muertect penclulum .

0 o 1. [®]
O I 0 0

0] 0 | K.& # I T
-343 00120 0000426 267 |
3.67 -00%2 0.02% 286
4.0 0180 —0.122 | . 320,

() Using results of problem 3 in HW.#2 %o wompute Wr="Jo e A BRe-KSqg & MATLAR |
1497.9 273.2 5437 2€0.2 ]
Kis = [2.2564 19.0920 33.5352 L&J2? 706i6 5.6999]]

08526 -0.0127 11202 1-6705]

(D) Because of |imiation of hordware at G U. ( By the way, they enly allew me usmg MATIAR in

e-v.s m UO) ev.s m UB) e-vs FOR Kos ew.s PR Kis ews FOR Kag
—0.134 + 0.909 § -1.0040 -6.2648 +159913]| - 32370+ 371105 | Q2828
- 0.134 - 090§ j -4483+2%54 —R.3548 —159913)| —3.2390-3.TI10j | - RE6TO
— 1.2 + 4,49 ~4483 -2854] | 13588 + 72453 | -R.1282+0.0687)| ~4.7885
- 27— 4.49 | ~23062 + 03By | —13.6738~ Q.2463 | ~8.1282-0.0689] —O.7T765 +12944
222 + 452 =23.062-08825] | -I5.8704 +3.0301] | —5.6720 +1.43895  —O-TT65 - 2944
2.2 = 452 } 81 ~I5.@704 — 3033 | -5.6720 ~1.4387) | —2.5241 |
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