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Causal LTI Systems (1)

d" y(1) () »(t) d” x(1) d" x|t bt
ay 1Y +ay_, N T+ ta, d *1%y(ﬁ = bM d 1 +bM1, dtM()+ +b1 ()
d"y(t), d"'yle dylt d" x(1 d” x(t b3

dJ;]\(/ >+a17Ji(1)+"'+aN—l%+aNy(t) — bN_Md—tA/(I)—I_bN_MH dtM(— )+-. —I—bN . ( )

(DN—I—alDN_l—|—---+aN_1D+aN)y(t)

= (D" +b, ., D" '+-+b,  D+b,)x(t)
O(D)y(t) = P(D)x(t)
M = N
d"y(¢)  d"y(t) ), d y(t) d"x(t) ,, d"x(t) dx(t)
d—t-l—al e +aN_17+aNy(t) = b, - +b, e +otbh, oy +b,x(t)
(D"+a,D

N;1+“.“+aN—1L%+aN>}%t) =

O(D)y(t) = P(D)x(t)
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Causal LTI Systems (2)

d” y(t) () y(1) d x(t)
ay o +a, ~ +eta, y +a,y(t) = b, " +b,,_, " +--+b, rr +byx(t)
d" y(t) () dyl(t) d" x(t) d" x(t) dx(t)

o +a, e +eota, o +a,y(t) = by, T +bN_M+1dtM_1+--+bN_1 r +b,x(t)

(D"+a, D" '+--+ay_D+a,)y(t) = (D"+b, ., D" '+--+b,_  D+b,)x(t)

O(D)y(t) = P(D)x(t)

 Zero Input Response
« Zero State Response (Convolution with h(t))
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Finding ZIR & ZSR Using Laplace Transform (1)

e T +6y(1) = r + x(t) (D*+5D+6)y(t) = (D+1)x(¢)
initial condition  y(07)=2, »(07) =1
input x(t) = e ¥ ult)

o) = Y(s) w(t) @ X(s) = Si4

dy(t) _

= sY(s)—p(07) 0
djt() d;gf) - SX(S)—xM: —
SR m Y- w(0)- 3(07)

) s 1
(s Y(s)—zs‘— 1]+5[sY(s)]2]+6Y(s) = 27 514

initial condition terms
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Finding ZIR & ZSR Using Laplace Transform (2)

2
ddytﬁf) w5 DL gy = 420 oy (D*+5D+6)y(t) = (D+1)x(1)
initial condition  y(07)=2, y(07) =1
input x(t) = e ¥ ult)
2 s 1
[s°Y(s)=2s—1]+5[sY(s)=2]+6Y(s) = i
(5 + 55+ 6)Y (5) — (25 + 11) = s+1 init cond terms
s+4 input terms

2
(s +5s+6)7(s) = (2s +11)+ SFL _ 25 #20s+ 45

s+4 s+4
v(s) = 2s” + 20s + 45 257+ 20s + 45
(s+4)(s*+5s+6)  (s+2)(s+3)(s+4)
132 3 312 (13 L I
Yis) = s+2  s+3 s+4 - yit) = ¢ T3~ 3 ult)

Young Won Lim
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Finding ZIR & ZSR Using Laplace Transform (3)

2
ddytﬁf) w5 DL gy = 420 oy (D*+5D+6)y(t) = (D+1)x(1)
initial condition  y(07)=2, »(07) =1
input x(t) = e ¥ ult)
2 _ s+1
(s"+5s+6)Y(s) = (2s +11) + 7
(2s + 11) s+1
Y(s) = -
(s) (s> + 58+ 6) (s+4)(s* + 55+ 6)
Zero Input comp  Zero State comp
v(s) = | L -5 ~1/2_ 2 _3/2
s+2  s+3 s+2 s+3 s+4

= () = (78_2’—56_3’)u(1) + (—%eZ’+2e3’—%e4’)u(z‘)
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Zero State Response (2)

d y(t d y(t d" x(t d" x(t d x(t
d);( )+a1 — (1) ta,_, ;lvg )+aNy(t) = b, dﬂS )+b1 ()+---+bN 1 E)+bNx(t)

(D"+a, D" '+--+ay_ D+ay)y(t) = (b,D"+b, D" '+---4+b,_, D+b,)x(t)

M=N 0(D)y(t) = P(D)x()
All initial conditions are zero y(07) = p(07) = »0) == y"07) =0
) m o r(s) dylt) w ry(s)
dt
causal input: x(07) = %(07) = %(07) = = x"0) =0
) @ X(s) d'xlt) w x(s)
dt
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Zero State Response (2)

d"y(t) d""y(d) d y(1) d" x(1) de(t) d x(t)
+ ot +ayy(t) = b +b +otb +byx(t
P al P! ay_y J1 aNy() 0T g M 1 M- N-1T g Nx()
(D"+a, D" '+--+ay_ D+ay)y(t) = (b,D"+b, D" '+---4+b,_, D+b,)x(t)
M= N O(D)y(t) = P(D)x(1)

(s"+a,s" "+ta,_ stay)Y(s) = (bys"+b,s" kb, s+b,) X (5)

(bys" +b,s" "+ tb,  s+b,)
(SN+CI1SN_1+"'+CIN_1S+CIN)

Y(s) =

X(s)
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Laplace

d" y(t) d" 7 y(1) dy(t) d" x (1) d" x(¢) dx(t)
d" +a1W+"'+aN—1 d1 +aNJ’(t) = bN—MW+bN—M+1 e +"'+bN—17+bN (t)
(D"+a, D" '+---+ay_ D+a,) - y() =\(by_,DY+by . DY ' +--+b,  D+b,) - x(t)
o(D) - yl(t) = P(D) - x(z)
O(D)y,(t) = 0 =) (D"+a, D" '+-4a, D+a,)y,(t) = 0
O(n) =0 @ ()xN+a17»N_1+~--+aN_17»+aN) ce™ =0
=0 £ 0
on) = W+a, MW"+ tay, Ata,) = 0
O(h) = (A =2)(h=2;) - (A=2y) A  characteristic roots
ce e o oy = wlt) ¢ characteristic modes

ZIR: a linear combination of the characteristic modes of the system

1 O Young Won Lim
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Laplace Transform (1)

x(t) = éX(s)et ﬁ> h(t) §> y(t) = éX(s)H(S)et
x(t) = ﬁ if:X(s)e ds :> h(t) :> y(t) = ﬁ fj:X(S)H<S)eSt ds
= L' X(s)H(s)
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Laplace Transform (2)

X (s) Y (s)
x(1) ) L =) H(s) L ) (1)
= X(s)H(s)
X (s)

Y (s)
= H(s) =

s is the complex frequency of est

Frequency domain method
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