Py 1O
A/1x Lecture Y

last time: stote-Space model
equfl{brium poinds
\inwr{}curion

J(Ool&yz \l'nearifb,o}r('on (C\LO\\’Y\P\&\
Solutions 1e DT Sysiems

| " "i
X { (xl \i’ *\ E “'\A—}O———'b )‘(t‘F(i.m‘n "_"'")x O ;(J
Yoy

for »semodl” XN, WUN, WY

. of
X2 ax VRSN % 34 {(z,9y O

. . O - og N
S‘m”"‘f‘j for Y=g (x,y, 1 7 Y‘-Tj"“\ﬁ,a\')\*éq\?;&‘m

&% |nverked Pendulum  (bee Lecdune #3 a/ie)

LAY
fix,u)e [ Sim (X)) 4 u‘}
3(&,\43-‘ X,

we showed thod for U= 0O

1) L)
—{\AP = o _'J XO\O\»Y‘\ = o —~

| 9 K‘-M‘/c}x\ ;f‘/c‘xm‘xz \-6 l]
*Jocbion + 9 éﬁ%}xl 2/ dx, cos (%) 0o

We need fo evoluwode Jf‘nt:&t 'runcjtt‘OhS c\ro\os.no{ (i,n\



v/ coniinued ... _
Ix \ﬁ«q?,ﬂ 1 cos {0} 0 \ o)

J \\..\\9 z
= (iaowhr \ ”\ ©

Adowh d A

Tr/‘-&} Q: what value should G haver

Consider Xagze = Y.@ L
- ‘{3.181\"\(&(\"—-\1 =y

Aro-sin (X)) N/

{ 0 \-} N ?r \
A"\S" b COS_T[/LJ o] f’?\ o .

(), T (1)) can \/(elol a Yiyne

from X, =X,

* Note |m60\~m9,6d\ar\ around (% (

NVoargyina wmodel f i{ the owjmo& system Vs time -

invacrent !

(i.e §:§(x, W) ; 3’3(7‘-“”\\

for invert Pehd. \nneor%zm-\\on
A {

e oA W

¥ Cos? (X (+))

j-L OW’E] A

x..,.wd«f‘""'“"\f”"*\\_/ %
c * b

. LA - . . - i_f R EERY. ~

odde s X AX 2 (XX, G0N £ (X, T) \(‘iﬁm*m o

no-le, R, A) is eVt solution 10 stialde eq
= £(X, Q) s L(X,0) Ccancels.



Py 1a
Solutions Yo discrede Time systems:

Stadle- space model:
xLk+D) = ACIXIRY » BN UWlk) ... O
VERY= CORY X (RY » DO k) .. ()
L’m;mj conditions (ko) « %o ... (3)

want Yo solve (1)

% (kY = (ho\-luwod reSpohsts t (\(6\'6904 "*’—SP"‘“SQ3

Ly o unforced / zero - inpud Ly Caused ‘oj U
Ly coused \o\j ¥

naturod res ponse

x (k=) = A (K % (K) 2 K=0,1,
X(O\‘*xu -

ey wg ¥ c,‘nv..j

——

k=0: x(o+1D = Ao} xI(0)
X0 = A (0D X,

K=l (= A x ()
X2 = A Ale). X,

Uk\: Ak-YA(KR-2DY..0 AN A (o) - X,
= ¢ (k,o0)

H instead we had:
(ks 1N A (K % (¥)

% (RY = X g
S X () s Alk=D s A (X YA (R - %y
=0 (K, Q)
Ly inidied dime
final 4imae

d?(K,zQ\= Stode - dransition maitrix
[matriy volued Funmction of » ar\jme_men%ﬁ



¢ ik, L) Y 1>
Ao Xy & sdate 4rans matriy

hg

£ our Sysiem was lime-invariant -

X (ke 1y« A x (R
Ly comstant

dlk, )= ¢ (k-8) = A®H

%o : J\/ * (1 ih\OU\*! any excdaedion 4hnal s
en‘rtm‘nj the System
¢ {k-2)
pro‘ger%\'ES of ¢ (k) &) /\/&&n.}HY ot

1y ¢(4, ) = T (x ()= & (2, RY % (2))
>y " COhne_chmj {\ij\fﬁ"

o (k,2)
Yy Q AR AR ILE R R
¢ (&m Xim) $lm, 2)

3) if instead we had  x (k1) = A LK) x (k)
b Lkt &Y= ALKY ALK-DY s ACR) = A (K ¢ (k. 0)
¢l 2= T

these propeviies have similar Parts in Cont. dime

Coming Saohn ... in  Contirnaoud dime

9 (4,
%%*JD: A -4 (T

(T M- T
other X P\rope\r“@.& old .

¥/ L x} § (o) - T
A=Lo o ¢ (1N = A { o]
¢ {3y = A* = Lo

in CT, d)(tJ’\"\ VS m\wajs inveriovs e



Py 14

Forced Responses
X (ko) = ACRY X (R * B (Y w (k)

X (0) =0

k=0 = x (= Al0)-0+ Blo)- U(o)

= B(o). U (0)
k=] % (™) AW x D B -w()
AR U (0Y 7 B O (v ()Y
AN BGY L BD]) "u(e\)
U (0
K=> = x(3)* A0) x(a3)+ B x() -
STAON-ANY-BIY P AGY-BIY, B || wb
! NTPN
W (3)



