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Convolution: delayed response of h(t) (1)

Impulse response N
Ié(f) =) k() =) y(¢)

L T
A A
5(t—1) delayed response y(t) = h(t—1)
by 1
1 g 1 >
A
Ml a
L e, X
1 1
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Convolution: delayed response of h(t) (2)

T [ w

. - 1 -
Time Invariant A +
TT/\ =) h(t) =) T
1 g 1
Time Invariant A
TT/X = h(t) T ’
1 g 1
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Convolution: delayed response of h(t)

Linear System
I o(¢) = h(t) |

S(t—v) ‘ h(t—v)

T/\ x(v)ole—v) mm)  x(v)h(e=v)
I | input value at time v

| - X(v)
v 1 delayed impulse response
- X(V) h(t - v)

WHHW )}(E)W”W —

1
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y(t)
. >
x(v)h(t—v)
>
v 1
y(t)

fx(v)h(t—v) dv

>
1
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Convolution: Commutative Law

X = ) = oyl

x(v) h(v) Flie h(—v Shif h(t—v
B
| x(v)h(t—v)dv = y(t)
:h(v)x(t—v) dv = y(t)
» -
Flip Shift
h(v) x(v) —p x(=v)—p x(t—v)

A = BEl = v
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Superposition of Derivatives of x(t)
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ODE's and Causal LTI Systems

d" y(t) d" "y(t)
GNT-I-GN_I dtN + +(11

ho(c) T (o) input

;
a” d" ! d d" x( d" 'x
y(t) y(t)+._.+al%+aol_ b —(t) oo

+a,._ +b_ =
N dt” M=t gt

output y(t)- h(t)=7? -x(t) input
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Derivative of inputs

YWt ay" v gy Y+ ayy = x

base system

x(t) o p(¢) ) y(t) notation: y" = %&’ - %y(t)
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Superposition of derivatives of an input

Y 4,y e gy x ayy = B + By 1+ byl + By
N N-1 1

y(o o+ a1y£) Pt aN—lyE)) + ayy, = byx Yo = == by X
N N-1 1 1

y(1 o+ a1y(1 Pt aN—ly(l) + ayy; = bN—1X() y, == Samm bN—lx(l)

y(z\lr\j) + alyg\],\]_l) + oot aN—1y§\1r) + dyVYN = boX(N) Yy == D, x N

Yy =Yoot Vi + o Yy
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Superposition of derivatives of an delta function

AN + @, WV 4+ o+ gy B + ayh = [DESE [BI0N T + - + [DROTY + (DR

AN + a, WV Y + o+ ay WY + ayh, = by h, = 4= by 5(t)
h(1N) + a1h(1N_1) + o+ aN—lh(ll) + ayh, = bN—16(1) h, = S bN—1‘3(1)(t)
h(lir\r) + alhg\]rv_l) + o+ aN_1hg\17) + ayhy = boé(N) hN ¢ == b, 6(N)(t)

h = h,+h + - +hy
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Base System & Derived System

(N)

yN o+ ay

YU ay YWY+ ayy = x

base system

x(t) memy p(c) ) y(t) notation: y* = 4 ¥ = 4y i)

(N)

yN o+ ay

Ny w gy v+ ayy = box™ + byx!

derived system

X(t) ‘ h(t) ‘ y(t) notation: x'V = CZ;ZI’é = :—:Vx(t)
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Superposition of derivatives of a delta function

(N)

yNV o+ ay

N-1)

+ o+ ay Yy + ayy = x

base system

x(t) md  p(¢) ) y(t) notation: y" = %&’ - %y(t)

b, d(t) by hy(t) . - (@
N N-1
‘ ho(t) ‘ hy” + a;h, + + ayh, = by d
b s(e by_,hy (¢
N-1 () N=17°0 () h(N+1) + a h(N—l) + + q h(l) -'b (1)
m— () — SR L
e o o e o o e o o e o o
b, 5(N)(t) b, héN)(t)
— (1) — R L LA
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General System: Impulse Response

y(N) + a1y(N_1) + -t aN—ly(l) + dyy = bOX(N) + blx(N_l) + e F bN—lx(l) + by X
5(t) mmmdp  h(t) =) h(t)
h = b,h™) + b,hN"Y & ..o &+ by WY + byh, = P(D)h,(t)
T 3
Q(D) = (D"+a,D" '+--+a,_,D+ay) Q(D)h,(t) = 8(t)
P(D) = (b,D"+b,D" '+--+b,_,D+b,) Q(D)P(D)hy(¢t) = P(D)d(t)

o) mmmmh  hy(t) mmm=p h(t)
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General System: Output

N-1)

yV o+ ay

X(t) wmmp  h(e) ) (0

O = B B s b b

P(D)w(t)

Q(D) = (D"+a,D" '+---+a,_,D+ay)

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

x(¢)mmmy hy(c) ) w ()
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ODE's and Causal LTI Systems

Va¥y),  d" 'y d y(t) ¥a x(o)
GNW-F ay — 5y Tt alT-l- a,y(t) = b, di

+ ot bld;—gt)+ b, x(t)

N: the highest order of derivatives of the output y(t) (LHS)
M: the highest order of derivatives of the input x(t) (RHS)

N < M : (M-N) differentiator — magnify high frequency components of noise (seldom used)
N > M : (N-M) Integrator

om0 ) 0
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e System Response

(a) Zero Input Response
(b) Zero State Response
(c) Natural Response
(d) Forced Response
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Interval of Interest

TOtaI = 7SR + ZIR together with Laplace transform,

the time interval [0, «) is assumed

x(t) y(t)

. 0 <t<w

causal x(t)
No restriction in the time interval
X(t) * h(t) But if the same time interval [0, «)
can be assumed, then the two total
x(t) y(t) responses will be the same
L& —0<t<
non-causal x(t)
Young Won Lim
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Responses after t = 0

x(t) y(t)

assume (yh + yp)u(t) ZSR
/ y..(t) = fx("c)h(t—"c)d"c
0
assume Y ZIR

ZSR + ZIR

- Natural + Forced

LTI Systems (BGND.4A) 20 Young Won Lim



ODE Solutions and System Responses

yh(t) = Z C,-ex Characteristic Mode Terms —0 <t <+
yp(t) = x(t) Similar form as the input x(t) —0 <t <+
y (t) Natural response with all coefficients determined
Forced response

y,(t) P
yzi(t) Zero input response
y,.(t) Zero state response
nl) + ) R 20

PP P a Causal System
yalt) + .yp(t) Causal Output

LTI Systems (BGND.4A) 21 Young Won Lim
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ZIR & ZSR in terms of y_ & Y,

ZIR ZSR
x(t) assume -yzi<t) — x(t) assume Y, (t)=
yilt) (v, + y,)ult)
N _
causal x(t)

The effect of x(t) (t<0)
is summarized as a

igi yZl(t)+yzs<t):
ZIR with initial original y(t)
----------- conditions at t=0- y(t)u(t)

causal x(t)

yalt) = Zciek"t h(t)* x(t) = (b 6 + Zde“

* x(t)

u(t)- (y,+y,) = ult): (Z ke + yp(t))

LTI Systems (BGND.4A) 22 Young Won Lim



Types of System Responses

e Zero Input Response State only  Natural Response Homogeneous
. t dn dn—l
V o) Yault) dt}"] +a, dt“‘)ll +--+a,y(t) =0
L0 R P
Yo"
« Zero State Response Input only * Forced Response Particular
dny dn—ly
+ + - + t) =
x(1) NN LT A
n n—1
) b)) | ) TN e SO
: dt" dt
0
Young Won Lim
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Comparison of System Responses (1)

* Zero Input Response State only » Natural Response Homogeneous
Y(o) yZl(t) 1
- 1 dn dn—
@ o - SO
Yo'l
Response of a system when # Solution due to
the input x(t) is zero (no input) characteristic modes only

« Zero State Response Input only  Forced Response Particular

n n—1
@ 0 yzs<t) d )n]+aldtn_}1}+“'+any(t) —
) b0 |0 ) t“d T
; bodt” + b, = +--+ b, x(t) ]
Response of a system # Solution excluding the effect of
when system is at rest initially characteristic modes

LTI Systems (BGND.4A) 24 Young Won Lim



Comparison of System Responses (2)

 Zero Input Response State only
Y(o ) yzi (t)
777777777777777777777777 1
0 o h(t) Y 0,
vl

response to the initial conditions only

« Zero State Response Input only

Y(t)

—)

~
—
~
~—
(-}

~
-
o

response to the input only

» Natural Response Homogeneous
ny dn—ly ( )
+a +--+a,yl(t)]= 0
de" ' dt" 4

all characteristic modes response

* Forced Response Particular

nhon-characteristic mode response

LTI Systems (BGND.4A)
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Comparison of System Responses (3)

e Zero Input Response State only  Natural Response Homogeneous

response to the initial conditions only all characteristic modes response
{y(N—l)(O—)’ " y(l)(O_), y(O_)} yn(t) — ZKiem

» Zero State Response Input only  Forced Response Particular

response to the input only non-characteristic mode response
h(e) 6] = (bgd(e) + X die™| (1) an
causal x(t)
Young Won Lim
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Forms of System Responses

* Zero Input Response State only * Natural Response Homogeneous
_ At N-1)(a=) . (A= q t)] = K. et the coefficients K's are determined
yalt) = Zilcie Ly*707), -, y(07), y(07)] Yalt) ZI: ’ by the initial conditions.
yn(t) + yp(t) {y(N_l)(0+):"', y(l)(0+): y(0+)}

« Zero State Response Input only * Forced Response Particular

convolution form Impulse matching -
(t) _ {Be or 3

Yoolt) = x(t) %[ 2 de" + boa(t)) Ip (€ + Byt e+ Bt + )

similar to the input, with the coefficients

step function form balancing singularities P determined by equating the similar terms

{ )= ulo)- (S e+ 1)

yp(t) is similar to the input x(t)

LTI Systems (BGND.4A) 27 Young Won Lim



Valid Intervals of System Responses

ZIR + ZSR X(t) * h(t)
non-causal x(t)
y(t) y(t)

N L

0 <t<w —0 <t <o
General Assumption General Assumption
x(t)=0 (t<0) Causal Input
h(t)=0 (t<0) Causal System h(t)=0 (t<0) Causal System
y(t)=0 (t<0) Causal Output
Yo Won Li
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Causal and Everlasting Exponential Inputs

ZIR + ZSR X(t) * h(t)

non-causal x(t)
y(t) y(t)

N L

0 <t<w —0<t<w®

Suitable for causal exponential inputs Suitable for everlasting exponential inputs

— .
— A

LTI Systems (BGND.4A) 29 Young Won Lim




The effect of an input fort < O

ZIR + ZSR X(t) * h(t)

causal x(t) non-causal x(t)

x(t)=0 (t<0) Y,(t) y(¢)

h(t)=0 (t<0) h(t)=0 (t<0)

y(t)=0 (t<0) NG

—
The effect of x(t) (t<0)
is summarized as a
ZIR with initial
conditions at t=0-
LTI Systems (BGND.4A) 30 Young Won Lim
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Interval of Validity

4 N

an impulse can be present ) ( t)

in x(t) and h(t) att=0

discontinuity at t =0
creates initial conditions

y(t)

t>0

an impulse is excluded

(N—1)(0—) (N—l)(o—) (N-1) O) y(N—l)(0+)
"0 M) Y)Y
: The initial conditions in the :

XU(7) term “Zero State” refers = -------------- y(0~ y'(0) y'(0")

x(07) this initial conditions y(07) y(0) y(0%)
Usually Needed IC

known IC

Young Won Lim
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e Zero Input Response
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Zero Input Response : y..(t)

(DN+a1DN_1+"'+aN—1D+aN)y(t) = (boDN+b1DN_1+'"+bN—1D+bN)X(t)

1 t t
h(t) J’o: ;’tz + al—zt + a,y(t)
"
x(t)=0 x(t)=0
Q(D)y,(t) = 0 (D¥+a,D""'+---+ay_,D+ay)y,(t) = 0

linear combination of {y_.(t) and its derivatives} = 0

ce’" only this form can be the solution of ,(t)

\/
Q(x) =0 = W+ a "t ay  htay) e =0
=0 # 0
LTI Systems (BGND.4A) 33 Young Won Lim



Characteristic Modes

(DN"'alDN_l"'"'+aN—1D+aN)y(t) = (boDN+b1DN_1+'"+bN—1D+bN)X(t)

Qx) = W+a A" '+ +ay A+ay) = 0

Q(}\) = (7\ - ;\'1)()\ - )\'2) (7\ - ;\‘N) =0 A, characteristic roots

v ()= ce™ o+ e o w ey = Y e e characteristic modes

ZIR | alinear combination of the
characteristic modes of

the system the initial condition before t=0 is used
(1, a,, -, ay_q, aN) {y(N_l)(O_)J ) y(l)(o_): y(o_)}
y — — + + +
,,,,,,,,,,,,,,,,,,,,,,,, (01) — {y(N 1)(0 )) ’y(l)(o )’ )’(O )}
0 h(t) P
y(;)N any input is applied at time t=0, but
in the ZIR: the initial condition does
x(t) ~ 0 (bo, by, -+, by_y, by) yzi(t> — ch_ekit not change before and after time t=0

since no input is applied

LTI Systems (BGND.4A) 34
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Zero Input Response IVP

(N=1)/ ~— = (N-1) = (N=1)( A+ = k
dVy(t)  dV'yl(t dy(t y“(‘)) N (0) N (0+) -
dytfs )”1 dtwy—g )+m+aN‘1—Z£ )+“Ny(t) =0 W) = Yy 0) = yMU0") | = ke
(D" +a,D" "+ +ay_D+ay)|- y(t) = 0 yo) =y = 0 =k
y(0) =  y(0) = y(0) =k

ZIR Initial Value Problem (IVP)

x(t)=0
y,(t)  zero Input Response
) p(y) L
A
input is zero only initial conditions _/ N .
drives the system t=0 t=0 =0
yzi(o_) — yZl(O) = yzi(0+)
yzi(o_) — yZl(O) = yzi(0+)
yzz(o—) - .YZI(O) = yzt(0+)
Young Won Li
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e Zero State Response

LTI Systems (BGND.4A) 36 Young Won Lim
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Zero State Response y(t)

+00

Zero State Response y(t) = x(t)*h(t) = f x(t)h(t—1)dt Convolution
Impulse response h(t)
causal system h(t): response cannot begin before the input

h(it—t)=0 t—1<0

causal input x(t): the input starts at t=0
x(t)=0 t<0
Causality y(t) = [ x(t)h(t=1)dt , t=0
=
LTI Systems (BGND.4A) 37 Young Won Lim
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Delayed Impulse Response

(DN+a1DN_1+"'+aN—1D+aN)y(t) — (boDN+b1DN_1+”'+bN—1D+bN)X(t)

All initial conditions are zero y¥U07) = .« = yW07) = y90) = o0

superposition of inputs

— delayed impulse the sum of delayed

Impulse responses

0
) W a6 ) (0 = b ()

- Ix(r)h(t—r)dt

scaling delayed
impulse
response

LTI Systems (BGND.4A) 38 Young Won Lim
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Zero State Response |VP

dy(t)

) .

*an impulse in x(t) & h(t) att =0 ) — (1(0*) = (N=2)(*) — (N-1) () =

creates non-zero initial conditions y(07) =k, yHO7) =K, YO = kg, YETOT) =Ky,
Young Won Lim
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e Total Response

LTI Systems (BGND.4A) 40 Young Won Lim
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Total Response

N
y(t) = 2 o™ + x(t) *h(¢)
k=1
Zero Input Response Zero State Response
y(t) = Yal(t) + yp(t) Classical
Approach
Natural Response Forced Response
Young Won Lim
LTI Systems (BGND.4A) 41 420/



Total Response = ZIR + ZSR (1)

y(t) = Zce , x(t) % h(¢)

ZIR y,(t) ZSR y,l(t)

- possible
discontinuity att =0

y(t) = y,(t) e |t<0

because the input in general,
has not started yet the total response

yal07) = y,(07)
yzi(o_) = yzi(0+)

x(t)

LTI Systems (BGND.4A) 42 Young Won Lim
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Total Response = ZIR + ZSR (2)

initial conditions homogeneous solution
y Yh(t>
| - % T
ZSR
X(t) h(t) no impulse yzs(t)
ZSR
x(t) h(t) ) impulse att=0 y,.(t)

* ] _
—

LTI Systems (BGND.4A) 43 Young Won Lim
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Total Response =y _+ Y, (1)

y(t) = écke“t + x(t) * h(t)
Zero Input Response Zero State Response
x(t) * Z d.e™ + bOB(t)) convolution form
u(t) - (Z ke + yp(t)) step function form

_ Classical
y(t) = ya(t) + y,(t) Approach
Natural Response Forced Response
yp(t) is similar to the input x(f)
Young Won Lim
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Total Response =y, +y_ (2)

y(t) = y,(t) + Yalt)
Forced Response Natural Response
x(t)=d(t) Y,(t) =0 yilt)
t ’ %
x(t) =k y,(t)=p yu(t)
’ %
x(t)=tu(t) yp(t):61t+[30 Yh(t)
e = %
x()=e TEN y,(t) = pe* y(t)
+
N
LTI Systems (BGND.4A) 45 Young Von e
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Total Response

ZIR ZSR ZIR ZSR

i

> ke Y,(t)

Natural Response Forced Response
y,(t)=0 x(t)=19(t)
yalt) = K |yl )= e
’ o ’ v () = By e+ By x(t) = tult)
y,(t) =pe" x(t)=e"" T#A
LTI Systems (BGND.4A) 46 Young Yon L



Characteristic Mode Coefficients

N
the initial condition after t=0 is used Z C, At + x(t) * h(t)
the same initial condition before t=0 k=1
since no input is applied
ZIR ZSR
characteristic At characteristic k At
mode terms Cie mode terms i
only may exist
ZSR includes
the particular
solution yp(t)
L
t +
the initial condition after t=0 is used  p— ) yalt) yp(t)
So the effects of the char. modes of
ZSR incl :
SR are included Natural Response Forced Response
lumped all the 3 charagtefistic ¢ pMt
characteristic K;e ! mc}gﬂgs ptosesible
mode terms
LTI Systems (BGND.4A Young Won Lim
ystems ( 4A) 47 4/20/15



Total Response and Initial Conditions

[, 07] 0, +o]
| y(t) = y,(t) = t<0" y(t) = y,(t)+y,()
Zero Iinput response because the input has )
+ not started yet y(0%) # y(07)
zero state response continuous at t = 0 possible discontinuity at t = 0
y(07) = y,(07) = y,(07) y(07) = y,(07)+y,(0%)
y(o_) = .);zi(o_) = YZi(0+) y(0+) — .y.zi(0+)+y.zs(0+)
0, +oo]
y(t) = y,(t)+y,(t)
natural response ) }
+ yh(O );éyZl(O y(0+):yzi(0+)+yzs(0+)
. 0_ + P 0— . + — . + . +
forced response yh( _) yZl( _) y(0+) yZl(0+ )+yzs((i )
Y,(07) # y,(07) y(0%) =3,(0%)+y,(0)
Interval of validity t > O
Yo Won Li
LTI Systems (BGND.4A) 48 S 2071s



 Requirements of an Impulse Response
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Requirements of h(t) at tz0 (1)

d¥h(t)  d""h(t) dh(t) d¥o(t) . d"'o(t) do(t)
h(t) = b b ~-+b b, o(t

dc +ta, q toetay dt tay ( ) Y +Dh, e T +Dy dt Thy ( )

requirements att # 0
h(N)(t)+alh(N_1)(t) -~ +ayh(t)=0 (t#0)

The linear combination all the derivatives of &(f)

must add to zero for any time t£0 It is zero for any time t£0

LTI Systems (BGND.4A) 50 Young Won Lim
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Requirements of h(t) at tz0 (2)

d“h(t) d"'h(t) dh(t) d¥o(t) . d"'o(t) do(t)
+a +ody +ayh(t) = b +b +---+b,, +b, 0(t
dtN 1 dtN_l N—-1 dt N ( ) 0 dtM 1 dtM_l M-1 dt M ()
u(t)=0 the linear combination of all
: step function the derivatives of yp(t)
results to zero
. homogeneous solution
[ [ ] [
u(t)=0 weayy e ayy, =0
for t<0, u(t)=0
y,(t)u(t) when t#0

for t>0, y(hN)"' al}’;qul)"' et ayy, =0

derivatives of { y,-u| produce
derivatives of 6 when t=0

‘ A possible candidate of  h(t)

51 Young Won Lim
4/20/15
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Requirements of h(t) at t=0 (1)

d"h(t d" 'h(t dh(t d¥ o (t d¥ 18 (t do(t
dtls )+a1 dtN_(l )+---+aN_1 d(t )+aNh(t) = | b, dtl\g )+b1 dtM_(l )+---+bM_1 d<t )+bM6(t)

requirements at t = 0

All the derivatives of h(f) up to N

Need to add a o(t) and its derivatives

must match the corresponding in case that (N < M)
derivatives of an impulse o(t) up to M Need to integrate y (1)-u(t) several times
at time t=0 in case that (N > M)
LTI Systems (BGND.4A) 52 Young Won Lim
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Derivatives of

h = y,u

WY = y(hl)u + yhu(l) y,(0)d(t)
h? = y(hz)u + 2y511)u(1) + yhu( ) 2y(hl)(0)6(t) + yh(O)é(l)(t)
h? = yf’)u + 3y£2)u(1) + 3y(hl)u(2) +y, u® 3y(hz)(0)6(t) + 3y(hl)(0)6(1)(t) + yh(O)é(z)(t)
All the derivatives of h(t) up to N incurs
h(t) = y,(t)u(t) the derivatives of an impulse &(t) up to N-1
N
) = G n(0ulo) K" TR ) e K30 K00

LTI Systems (BGND.4A)

Young Won Lim
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n(t) can have at most a o(t) for most systems

y(t) ¢mm h(t) (o x(1) Y 4 @y s gy YU+ agy = box™ + b x™ Y & o+ by XV + byx

h(e)4mm p(e)em s(¢c) h™N + a,h™ ™V + o+ ay WY + ayh = bpd™ + b0 + o+ by 87 + byd

C 6(N) — bof)(N) the highest order

if h contain 6 derivatives of 3(t)

cannot be matched

. . + (N) the highest order
if h contain 8"’ C&'"™N*" ZF  Dyd derivatives of ()

cannot be matched

. . + (N) the highest order
if h contain 8% ceNY == b,yd derivatives of (1)

t=o h(t) can have at mostanimpulse byd(t)

. . . . >
no derivatives of §(t) possible at all in most systems N 2 M
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ODE's and Causal LTI Systems

d"h(t) ~d"'h(t) dh(t)

d™o (¢
o +a, . +aNh(t) = b, (>

M-1
— d 6<t)+---+b do(t)
t

de” ! M1 dt

+b, +b,, 5(t)

N> M : (N-M) integrator

N < M: (M-N) differentiator — magnify high frequency components of noise (seldom used)

o a0 ()

m,d(t)
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 An Impulse Response and System Responses
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h(t) as a ZIR (t > 0)

dh(t)  d""h(t) dh(t) d’o(t) . d"o(t) do(t)
dt 1T g N toeetay +aNh(t) = | b, q" +b, qi +"'+bM—1T+bM6(t)
h(t) = y,(t)ult)
Tal . The solution of the IVP
Interval of Validity : (t > 0) oo
Zero Input (no inputfort>0) creates nonzero i. ¢ K (0") = ky.,
5(t)=0 for t>0 HY2(0%) = kyoy
h(l)(0+) = k
h(0+) = kO
an impulse may be present No impulse is assumed
3(t) h(t) y(t)
. ! .
t=>0 t >0 t>0
Yo Won Li
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Impulse Response h(t)

3(t) ht)
) wond h(t) )
5(07)=0 5(07)=0
T
RN SN
t=0" t=0 ¢=0" t=0" t=0 ¢t=0"
* general y(t) cannot be a ZIR h(t) : ZIR with the newly created I.C. (t > 0)

for a general input x(t)

(generally x(t) # 0 for t > 0) . +
hY7(07) = Ky t=0 h(t) = char mode terms
* impulse input vanishes " 2(0") = ky_, (¢#0)
(x(t) = () = 0 fort>0)
W(0%) = kK t=0 h(t) = b,d(t) atmostan impulse
(N=M) h(0%) = Kk,
non-zero i. C. t=0 h(t) = b,8(t)+ char mode terms
3i, k#0

h(t) : ZSR to an impulse input
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Assumed Finite Jumps

3(t) h(t)
5(07)=0 5(07)=0 — \
RN ™
t=0" t=0 t=0" t=0"

« generates energy storage

\ creates nonzeroi.c.at  ¢=(*

(N=1)[ n—\ initially (N) _ (i) (N-1) [+ — non-zero initial
:(N—Z)(((())—)) : ° at rest h(g_l)E(()))) : I;N_liii’Z(i); :(N—Z)Eg+; _ iN_l conditions
- — I N2> < ? - TN-=2
: : ; ; : 3i, k#0
h'o) =0 W) = fi(k.s") . h(0") = ki
B ) mpulse o
ho ) =0 W0) = folkod) g h(0%) = Ky
Assumed finite jumps
Young Won Lim
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Impulse Matching Method Summary

d¥h(t)  d""h(t) h(t) d’o(t) . d"'o(t) do(t)
h =b b -++b,, ,———+b,, 0(t
di 1 g toeetay tay (t) 0 g M +bh, e Tt Dy dt TDhy ()
o) =0 | h(o) =k ==> | () = folki,0")
Wo") = I W0 =k - W) = fu(k,d")
R 07) =0 |7 A"9(07) = kno | b b | HYU() = fru(k,0")
H007) =0 [T AY07) = kv w4 HY () = fuailk,d")
initially at rest assumed finite jumps

] ! ]

h")(0) + a,h' " "(0) + -+ ay_, h"(0) + a O = b,8™(¢) + b, 8" V(t) + -+ b,_,5"(t) + b, SEN

Impulse matching

h(t) = (cpe™ +ce™ + - +cy e +cy_e™)u(t)
LTI Systems (BGND.4A) 60 Young Won Lim
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