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Impulse Matching Method Summary

MO e PP FOAA P P . i PP L3 P
dt dt dt dt dt
ho) =0 I h0) =k = bW = k()
W07) = I W0 =k - | hW(6) = k8(¢) +> k:8Y(¢)
N0 =0 TLH0) = K om0 = k800 + k)
A7) =0 | A"(0%) = ke | wep A R (6) = Ky 8(t) +3 kd"(t)

initially at rest assumed finite jumps

] ! ]

HY(0)+ ayh(0) = b, (t)+ b8V V(t)+---+ b, 8"(t)+ b, d(t)

N-1 0
determine k. Impulse matching
determine h(t) = (cpe™ +ce + - +cy_ e +cy_e™)ult)
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Impulse Response & Particular Solution

d"” x(t)
dt

d y(t), d"y(t) dy(t)

d" 1 x(t dx(t
de" +a, diV ! + “+aN—1T+aNy<t) = b, ( ) +by_, ( )

deM! 2P0 00 -1 ¢ +bMX(t)

+b,

y(t) = h(t) : impulse response  when x(t) = &(t) : forcing function

causal valid
system interval
Yh(t)
t<O t=20 t>0
forcing function x(t) = 0 5(t) 0
yu(t)u(t) Pten v, ® 0 b, 8(t) 0
.\ homogeneous vy (t) 0 y (t) y, (1)
solution h
impulse response hit) = yh(t)u(t) (N>M)
h(t) = yh(t)u(t) + b06(t) (N=M)

5 Young Won Lim
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Derivatives of

0: 1
1: 1 1 Pascal's triangle
2: 1 2 1
h(t) = y,(t)ult) N L
4. 1 4 6 4 1
5: 1 5 10 10 5 1
6: 1 6 15 20 15 6 1
h(O)(t) = y,(t)ult) 721 7 21 35 35 21 7 1
881 8 28 56 70 56 28 8 1
huxt) — L

H0(e) = (NIt + (Vs o [ N0+ V] 0u 0
ol Y L R G R PR LGRS (MO LA
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Applying delta function properties, later

() = S 0ul) (VA0 0+ o [N 1000 )+ i
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Applying delta function properties, first

! !
h(t) = y,(t)u(t) f(t)o(e) = f(0)o(t)
H(e) = yal(t)ult)
H(0) =y (ulo) + i (6)8°(¢) =y, (c)u(e)+ y,(0)8(¢)
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Values of h(0+)

1 1

h(t) = y,(t)u(t) f(e)d(e) = f(0)d(t)

W) = y,(t)ult) h”(0") = y,(07)
H(e) = 5 (e)ule) + 308" (0 5, (c)ul)+ 3,009 (1) H(0%) = (0"

KV () =y (Oule)+ 3" @8 () + -y (08" (e) + 3, (@™ "(¢) HY(07) = yi"(0")
h(0°) y(07)
M)m »(o")
CLTI Impulse Matching (6A) o] Young Won Lim
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e Determining the Coefficients of an Impulse Response
Casel) N>M: N-1=M

Differentiate each initial condition
Substitute the differentiated h(t)
Find the finite jumps k.

Find ¢ in y (1)
Case 2) N>M: N-2=M

Case 3) N=M

CLTI Impulse Matching (6A) 10 Young Vg?goblln;



Differentiate each initial condition (N>M: N-1=M)

h(o™) = | ho*) =k |t h(1)] =[ kod(¢)
W0) = T w90 =k | | #P0] =k | +k,8™()
R207) =0 | K% 207) = kneo | 4 | [0V(0) | =[ Ky 50(0) | +ky 38 (e) + - +ko8"2(e)
A U0) =0 | A" Y0) = ke | 4 WY (e) [ =] ky_,8(t) | +kyo8M(t) + -+ +k, 8™ (1) +ko8™ V(1)
initially at rest assumed finite jumps
H(¢) Impulse matching
substitute N variables / N equations

ﬂ ﬂ ﬂ ﬂ determine
m kO’ kl’ e kN 2> kN 1

h(N)(t)+a|EEN_1§iti+---+a N h (¢ +a,h(t) _

determine

= boé(M)<t)+bla(M_l)(t)+“'+bM—la(l)(t)+bMé(t) Cos Cis =" Cyps Oy

St CN—ze;\Ht 5 CN—1ekN't)'u(t)
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Substitute the differentiated h(t) (N>M: N-1=M)

substitute

l l l Impulse matching

AV ()+ a [l V()4 -+ ay_ WV ()]+ayh(c) ®@b,6")(¢) +b,8™ V(c)+---+ b, 8Y(c)+b,5(t)

nor X h'(e) =] k()
fh-z X W2 ()| = k8(t) | +k,8"(¢)
@ x h(N_l)(t) =| ky_,0(t) +kN—36(1)(t) + - +k06(N_2)(t)
h(N)(t) = ky—1(t) +kN—26(1)(t) + - +k16(N_2)(t +k06(N_1)(t)
— — N . ) y y
by d(t) by, ,8"(r) b, o™ () b,8™(¢)
CLTI Impulse Matching (6A) 12 Young Won Lim
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Find the finite jumps k. (N>M: N-1=M)

Ay-> X W2(t) | = kd(t) | +k,8"(r)

H_/ H_/ \ v J \ v J
byd(t) by, ,8"(e) b,8" (1) bed™(¢)
ky_,  +aky, +ay .k, +ay_,k, = by
ky_» +ay_ sk, +ay ke = by,
N variables / N equations
k, + ak, +a,ky = b,
determine
Ko, ki, == ky_o, ky_4 ki +a,k, = b
ko = b,
CLTI Impulse Matching (6A) 13 Young Won Lim
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Find ¢ iny (f) (N>M: N-1=M)

J_ h(0+) = Ko ‘ yn<0+) yn(t) = Coekot + Cleklt + + CN—1€)¥N_1t
I h(l)(0+) = K - y(nl)(0+) y(nl(t) = Cokoew Cl}\'le)\lt CN-17\N-13XN71I
R0 = ks )| = e e e s, e
I h(N—l)(0+) — k., | yE]N—l)(0+) y(nN—l)(t) — CO}\'gN—l)ehot + Cl)\‘(lN—l)e?\lt Y CN—17"§\11V-_11)3M_1I
found finite jumps substitute
h(07) = ko = y,(0") = Gy Cq G
h(l)(0+) S Yil)(OJr) = Coho t oAy At oy My
h(N—Z)(0+) — kN_2 — yf]N—Z)(O+) = Co)\.E)N_z)-i- Cl}\.(lN_z) + -+ CNfl)\-g\]]V__f)
¥ 0(07) = kyy = ¥ 007 | = oM+ oAV o Al assume distinct roots
ho(t) = y,(t)u(t)
determine Aot At Ayt Ay
Cys Cys " Cy_ys Cy_y h(t) = (coe™ +cie™ +--+cy e +cy_qe™)u(t)
CLTI Impulse Matching (6A) 14 Young Won Lim
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e Determining the Coefficients of an Impulse Response
Casel) N>M: N-1=M
Case 2) N>M: N-2=M

Differentiate each initial condition
Substitute the differentiated h(t)
Find the finite jumps k

Find ¢ in y (1)

Case 3) N=M

CLTI Impulse Matching (6A) 15 Young Vg?goblln;



Simplified Impulse Matching Method (2)

P(D) = (b,D"+---+b,_,D+b,)

CLTI Impulse Matching (6A)
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Differentiate each initial condition (N>M: N-2=M)

o) =0 | h(0*) = k, o H(t)| = ko =0 == continuous (no jump)
W) = T W0 =k | [ BP0 =[kel) |+ o
h(N_2)<07) =0 _I_ h(N_z)(O+) = ky_» ? h(N_l)(t) = kN—zé(t) +kN—36(1)(t) i Y
R 07) =0 || A" V0%) = kv | A [ () | = kel 8(0) | 4k ,80() + o 4k 3V 2(e)+ O
initially at rest assumed finite jumps
H(¢) Impulse matching
substitute N-1 variables / N-1 equations

ﬂ ﬂ ﬂ ﬂ determine
m ko’ kl: kN 25 kN 1

A (O a ™ ()¢ +a h'?(e)|+ ay_ h"(t) + ay h(t) 7

determine

— boé(M)(t)+blé(M‘l)(t)+---+bM_lé(l)(t)+bM6(t) Cor Ciy = Cy_ys Cy_

I 00 ar CN—ze;\Ht w CN—1ekN't)'u(t)

CLTI Impulse Matching (6A) 17 Young Vgc;goblln;



Substitute the differentiated h(t) (N>M: N-2=M)

substitute

1 | 1 |

() a |E§N—1§Zt§ +--+a eV a. Jh9(e)l+ aN_lh(l)(t) +a,h(t) Impulse matching

N-3

= boé(M)(t) w b16(M_1)(t) o 080 bM—16(1)(t) s bMé(t)

ay_; X h“)(t) = k,=0
ay_» X h(z)(t) = k,5(t) +k, =0
a X h(N_l)(t) =| ky_,0(t) +kN—36(1)(t) = +ko =0
h(N)(t) - N—16(t) +kN_26(1)(t) + +k16(N_2)(t) +k, =0
b,d(t) b, 8" () by d™(t)
CLTI Impulse Matching (6A) 18 Young Won Lim
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Find the finite jumps k (N>M: N-2=M)
/
ayn_q h(l)(t) = k=0
ay_, hu“t) = k,8(t) +k, =0
a, h(N_l)(t) - kN—zé(t +kN—36(1)( ) 2P © +ko =0
h(N)(t) - N—16(t) +kN—26(1)( ) 2P +k16(N_2)(t) +ko =0
— Y~ e
byd(t) by () byd"(¢)
ky_1 | +aky, +ay_ .k, +ay_ kg by
ky_» +ay_ 3k, +ay_,k, by
N-1 variables / N-1 equations
k, + a,k, + a,k, b,
determine
ko=0, ky, -+ ky_o, ky_4 k, + a,k b,
k=0
CLTI Impulse Matching (6A) 19 Young Won Lim
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Find ¢ iny (f) (N>M:  N-2=WM)

— h(0+) = ko = O‘ .Yn<0+) yn(t) = Coe}\ot + Cleklt + + CN—1ekN_1t
+ 1 — 0 1 N-1
I h(l)(0+) = k ) .y(rll)(()) y(n (¢) = Co}‘oe“ Cl}"lem CN—l}\'N—lex t
) s o) | SR = e ¢ cal Do s g e
1 H" 0% = ke | mp"07) | ) = ehY e+ AT H ek o (T
found finite jumps substitute
h(0") = k,=0= y,(0%) = Cy G oot Oy
h(l)(0+) — kl — yil)(0+) = CO}\'O + C17\.1 + - F CN—l)\'N—l
h(N_Z)(0+) = ky_, = }’iN_Z)(OJr) - CO}\'E)N_Z) + C17\-(1N_2) tooot CN—17\5\IIV—_12)
H¥D(0%) = kyy = y007) | = el a0 g VY assume distinct roots
ho(t) = y,(t)u(t)
determine ot ot _ Doy t
Cos Cp5 "" Cy gy Cyy h(t) = (coe™ +cie™ + -+ cy e +cy_e™)u(t)
CLTI Impulse Matching (6A) 20 Young Won Lim
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e Determining the Coefficients of an Impulse Response
Casel) N>M: N-1=M
Case 2) N>M: N-1=M
Case 3) N=M

Differentiate each initial condition
A o(t) needs to be in h(t)
Substitute the differentiated h(t)
Find the finite jumps k.

Find ¢ in y (1)

CLTI Impulse Matching (6A) 21 Young Vg?goblln;



Differentiate each initial condition (N = M)

no) =0 || hl07) =k |t aT0)] =[ka(0)
W) = T W0 =k | b @0kl | +k,8"()
R*07) =0 |7 H"2(07) = koo | 4 | [HY(0)] = K n8(0) |+ g8M(e) + o 4k ()
A U0) =0 | A" Y0) = ke | 4 WY (e) [ =] ky_,8(t) | +kyo8M(t) + -+ +k, 8™ (1) +ko8™ V(1)
initially at rest assumed finite jumps
H(t) Impulse matching
substitute N variables / N equations

ﬂ ﬂ ﬂ @ determine
ko: kl: kN 25 kN 1

AN a ™ V(o) + - + ay_ WY (e)+ agh(t) o
determine
= boé(M)<t) + bla(M_l)(t) toeet bM—la(l)(t) + bMé(t) Cos» Cis 77" Cyns Oy
h(t) must include o(t)
h(t) = y,(t)-ul(t)+ b,d(t) h(t) = (cpe™ +c e+ +cy_ e + cN_lex”'t)-u(t) + b,0(t)
CLTI Impulse Matching (6A) 292 Young Won Lim
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A O(f) needs to be In h(t) (N = M)

+b,5(t) @) b, 5(t)
h'(0) = kod(t) +b, 8" (¢) & b, 3Y(0)
h?(0)] = ki o(e) | +kodM(t)  +by8”(¢) @& b, ,0%(t)
K Y(0) = ky_o0(t) [+ o +k, 8™ (1) +k, 0" (1) +b, 8" (¢) @ b, 3" V(r)
HY(0) | = ko ®(0) | #hy58(e) + oo #k 80 4k wbd™(e) e b3 "(0)

Impulse matching

CLTI Impulse Matching (6A) 23 Young Vg(/):?o%rg



Substitute the differentiated h(t) (N = M)

substitute

l l l Impulse matching

AV ()+ a [l V()4 -+ ay_ WV ()]+ayh(c) ®@b,6")(¢) +b,8™ V(c)+---+ b, 8Y(c)+b,5(t)

b,d(t)
Ay-1 X WY(e) = kod(t) | +p,8"(¢)
Ay, X W (e) | = k,8(t) +ko 8V (¢)  +b,8%(¢)

by d(t) by 8" (¢) b, o™ () bo™(¢)
CLTI Impulse Matching (6A) 24 Young Won Lim
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Find the finite jumps k,_ (N = M)

b,d(t)
av-t X[ H(0)] = kd() | w800
Ay X || p7(e) | = k() | +k, 8" () +by8%(¢)
a X h(N_l)(t) = ky_,0(t) +kN—36(1)(t) i W +k06(N72)(t)+b05(N_1)(t)
WY (e) | = ky_ 8(t) | +ky 8" (2) + + +k, 8™ 2 (t) +k, 8"V (¢) +b, 8™ (¢)
AN N J AN N J AN N J AN v J
byd(t) by 8" (1) b, 8" (e) byd™ (1)
ky_, | +aky_, +ay .k, +ay_,k, +b, = by,
ky_» +ay sk, +ay kg +b, = by
N variables / N equations
. k, |+ ak +ak, +b, = b,
determine
ko, ki, =+ Ky_p, ky_s ky +a, kg +b, = b,
ko +b, = b,
+b0 = bO
CLTI Impulse Matching (6A) 25 Young V%'Ob'l”;



Find ¢ iny (f) (N =M)

I h(07) = ko = y,(0) yalt) = c e+ L Cy_ €
I h(l)(0+) = i ) y(rll)(0+) y(nl(t) = Co}‘oew Cl)\1e}\1t ot CN—17“N—1ekN_lt
I h(N_z)t0+) :-kN—Z - (nN_2)<0+) EaN_Z)(t) = C07"(()N_2)e)\0t + Cl)"(lN_Z)ehlt oot CN—1)‘(1\IIV—_12)6XN_It
_|_ h(N—l)(0+) — kN—l ‘ ysqN—l)(O+) y(nN—l)(t) — CO)\'E)N—I)eKOt + Cl)\-(lN—l)eklt + oo CN_lx%v_—lnexN_lt
found finite jumps substitute
h(0*) = ko = y,(07) = ¢ ¢ Crot
W) =5 k= y(0") = cohy + N+t Cy Ay
h(N_Z)(0+) = ky, = }’iN_Z)(OJr) = COKE)N_Z)-F C17\(1N_2) oot CN—lxgxllV—f)
H¥D(0%) = kyy = y007) | = e AV e a0 (D assume distinct roots
ho(t) = J’h(t)u(t)"' boé(t)
determine At At e g D £
Cos C1s " Cy_ns Cy_y h(t) = (coe™ +cie™ + -+ cy e +cy_e™)ult) + b,d(t)
LTI Impulse M hin A Young Won Lim
C pulse Matching (6A) 26 il



e Superposition of an Impulse Function and its Derivatives
(General System S) and (Base System SO)

CLTI Impulse Matching (6A) 27 Young Vg?goblln;



A General System S and a Base System SO

General System S

# (by, by, -, by)
x(t) mmmd h(t) > y(t) h(t) :theimpulse response of S
o(t) L 0 @) ht)
Base System S0
* (0,-,0,1)
x(t) wmmd g (t) ) w(t) h,(t) :the impulse response of SO
o1 e

CLTI Impulse Matching (6A) 28



ZIR of a Base System SO

N=M: he(t) include noimpulse 8(t) (t>0) y.(t) : viewed as the zero input response of S0

h,(t) include characteristic modes only

/

System S and S0 have the cf) natural response all the lumped char modes
same characteristic modes homogeneous response

an impulse function Yalt)
generates energy storage
creates nonzero initial
1 condition at ¢=0"
zero input Zero input response
(0:“"0’1) hO(t) — yn(t)u(t)
x(t) mmmd h(c) memh ow(t) \
(1) e~ ho(t) -

CLTI Impulse Matching (6A) 29



Superposition of inputs (1)

R)(e) + a,h Y V(e) + -+ ay_ WY (¢) +ayh(t) = byo™(¢) + b,6" V(¢) + -+ b, () + b o(t)
hN(t) h(N) + alh(N_l) B N hE)N)(t)
hy () | h™ 4+ an™ Y 4. N1 1 (¢)
hl(t) h(N) + alh(N_l) + ... 1 hg]-)(t)
ho(t) h(N) + alh(N_l) + ... 0 hf)o)(t)

CLTI Impulse Matching (6A)

Young Won Lim
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Superposition of inputs (2)

Base System S0

™) (t) + a,h " (e) + -

General System S

h(¢) + alh(N_l)(t) +oda,

CLTI Impulse Matching (6A) 31 Young Vg?goblln;



h(t) of a General System S

(0,---,0,1)
1 _

x(t) e p(¢) wemd w(t) h, = a—[é— (R + a kY + o+ ay b))
oc) e hy (0 v
Base System S0 causal  hy(t) = y. u

(bO’bl’ bN)
x(t) wemd h(r) ) y() h=bh"+b " Y+ +b, hY+b, h
5(t) h(t)

(1, ay, -, ay)
General System S causal h(t) = bo{ynu}(m + bl{ynu}(N_l) + -+ bN{ynu}(O)

CLTI Impulse Matching (6A) 32



Single Impulse Matching of h (t)

causal  hy(t) = y, (0)u(t)

dy
N>M == include noimpulse
There must be a S
WY Y(e)  finite jump 0

5—h" 0

KY"?(t)  must be continuous 4/

h,'*(t)  must be continuous _./

CLTI Impulse Matching (6A) 33




Initial conditions of h at 0" created by o(t)

(N) (N-1) , (1) _ Single Impulse at the right hand side
hO * alho * +ay —lho tay hO(t) - - creates a unigue initial condition

integrate integrate integrate integrate
d" h d"'h d"*h dh
dth +a, dtN_;) +a, dtN_;) +a, _HEQ +a, hy(t) = 5(t)
differentiate differentiate differentiate differentiate
S(t) u(t) t u(t) "2 u(t) " u(t)
\ J \ J \ J
Y Y Y
A unit A unit jump no jump
impulse discontinuity discontinuity
att=20 att=0 att=0
h(()N—l)(O+) -1 th—z)(O+) — hE)N—l)(O+) — h(1)(0+) — h0(0+) -0
CLTI Impulse Matching (6A) 34 Young Won Lim
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Base System's VP

The original IVP

!

Solve this IVP
yWaay™ Ve vay yWrayy (t) =10 Yalt)
Yoty = 1 yI(0%) = yWU(0%) = - yW(0*) =y (0%) = 0 () & yM(t)

t Ay ot Ayt homogeneous t<0, t=0,t>0
+.-+c, "+, e :
N-2 N-1 ) solution

CLTI Impulse Matching (6A) 35 Young Vg(/):?o%rg



Derivatives of with the Initial conditions

Young Won Lim

CLTI Impulse Matching (6A) 36 7/30/15



Applying delta function properties, first

He) = 31 e)ule) + 3, (0870 = 3 (6l + (00" (0
1206 =y eule)+ 080+ 5 (003" (0) = Seule) + 57(0)°(0) + 7, (0)8" (0

=1 =0 =0
R = Y (u(o+ o) G y0%) = 1 3 (0% = 3 N(07) = - y(0%) = ,(0%) = 0
CLTI Impulse Matching (6A) 37 Young Won Lim

7/30/15



No 3(t) in y ()

B
J — )‘ot }‘1t aoo }\‘N—lt
ya(t) = c,e” * c,er Tt Cy_,©
y(nl (t) = Co}"oew C17‘1€M CN—IKN—le)\N_lt
All continuous at t = 0 <
EqN_Z)(t) = CO}\gN—Z)eKOt + C]_}\a(lN_Z)e}th + - + N_l)\’%v__lz)exbl—lt
N-1 — —1) JN -1) M —1) Ao
LA = eI v e ke, e
t=0" t =0 t=0"
yn(O_) = yn(o) = Y 0") = Gy ¢y Cn-1
ya(07) = ylo) = pl07) | T Gk F ok ¥ C-th-s
_ L — _ _ _ . — N-=2 N-=2 N-2
PH0T) = y0) = 0 | = e T e T oy g
2 07) =y 0 = ) | = e e ek o AR

CLTI Impulse Matching (6A)

Not initially rest before t =0
All continuous Initial conditions t =0

Can include no delta function

3(t) & y,"'(¢)

38

Young Won Lim
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All continuous y (f) and its derivatives

continuous continuity
v h(0%) = 1 yH(07) =y (0%) = e yY(07) = y,(07) = 0 t>0
. . . ] 4 1 |
ya o) = 1 pH0) =y 0)= - y(0)=y,(0) = 0 t=0
Solve this IVP
A e ayy e ay ) +ayy (o) = [0
y0) =1y 0)= Y (0) = - ()= y,(0) = 0 ) o) € y,"(0
yn(t) Discard the t < 0 part ‘ ho(t) = yn(t)U(t)
CLTI Impulse Matching (6A) 39 Young Won Lim
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Verifying the original IVP

CLTI Impulse Matching (6A)

(005" (1) + y,(0) 5™ (1)

0 =0
WY+ a h¥V 4. +a
YW 4y ¥4 b g
hY + a h
val+ay, 4t a

40

ay._ lyh + aNyh

KD+ aghy(e) = 8(e) =0

© =(0) =0

t>0

1) =@) >0

Young Won Lim
7/30/15



e Simplified Impulse Matching

CLTI Impulse Matching (6A) 41 Young Vgclvgobllrg



Impulse Response h(t), h ()

Derived System S

d"y(t) d"yl(t) dy(t) d"x(¢c)  d" 'x(t) dx(t)
t) =|b b b b, x(t
de" +a, g toetay dt +ayy(t) 0T M +0, qei ot Dy g dt +b, x(t)
Base System SO
N N-1
dd);st)+a1ddtN)i(lt)+...+aN_1dZ(tt)+aNy(t) =| x(t) shares the same characteristic modes

(D"+a,D" '+---+a,_,D+ay) - h(t) = (b,D"+b, D" '+---+b,,_ D+b,,) - §(t) Derived System S
(DN+alDN_1+---+aN_1D+aN) - hy(t) = 8(¢) Base System S0

Young Won Lim
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Getting the Impulse Response h (i)

Base System S0

dy(), 4yl o dy(d)

dt" B P

Solve this IVP y.(t) linear combination of characteristic modes
y(nN)+alquN_l)+'”+aN—1y511)+aNyn(t) — 0 t<0, t=0,t>0
ya (0) =1y 0)=y,"(0)= -y (0)=y,(0) = 0 ) 5(0) ¢ y,"(1)
yn(t) Discard the t < O part ‘ ho(t) = yn(t)U(t)
CLTI Impulse Matching (6A) 43 Young Won Lim
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Getting the Impulse Response h(t) from h (1)

(D"+a,D" " '+---+a,_,D+a,)w(t) = x(t) Q(D)w(t) = x(t)
(D"+a,D" +-tay_ D+ay)y(t) = (b,D"+--+b,_D+b,)x()  QIDIP(DIw(e) = P(D)x(t
y(t) = (b,D"+--+b,_ D+b,)wlt o) = Pl
(D"+a, D" '+---+a,_,D+ay)h,(t) = 8(t) Q(D)hy(t) = d(t)
(D"+a,D"'+---+a,_,D+ay)h(t) = (b,D"+---+b,,_,D+b,,)d(t) Q(D)P(D)hy(t) =|P(D)d(t)
h(t) = P(D)h(t)

h(t) = (b,D"+---+b,_,D+b,)h,(t

Causality is considered causal y,(t)u(t)
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Getting the Impulse Response h(t) from vy (i)

P(D) = (b,D"+---+b,_,D+b,)

h(t) = b,8(t) + P(D)[y,(t)-ult)] - h(t) = b,8(t) + [P(D) y,(t)]-ult)
RO(t) = ylt)ule) RO(t) = y(t)ulc)
R(e) =y (ulo) + y,(0)5" () R(0) =y (e)u(e)
R () =y (e)ult) + »,'(0)8" (1) + y,(0)8" (1) R9() = . (e)u(c)
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Verification

P(D)[ y,(t)u(t)] N-1=M [P(D)y ()] ult)
by x K%)= y,(ult) X bu by X y,(t)
by_1 x h(l)(t) = ygl)(t)u(t) X by, by_, x y(hl)(t)
bua x W) = y(u(e) x bu- by x y2(t) u(t)
b x KO =y (e)ue) X b Xy (e)

P(D)[ y,(t)u(t) ] N=M [P(D)y,(t) Ju(t)
by, x h(o)(t) = y,(t)u(t) X by by % )’h(t)
by x  he) = y()ule) X by, by_y x yi(t)
bu_a x K%)= y?(O)ulr) X by_, b2 x (1) U(t)
b, % h(N—l)(t) _ yslN—l)(t)u(t) % b, b, % y(hN—l)(t)
b x HM(e) = y(eJule)+o(e) X b by x () ()
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