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Output Signal of a Linear System

« Inputsignal  u(t) = [_°° w(r)8(t — 7)dr,

= Qutput signal

ul(t) H[w(t)]

aATS SELTATSS

[‘ _O:Gu(r)5(t - 'r)d‘r}
— f_"’; w(T)H[6(t — 7)]dr

oo
f u(r)h{t —z)dz
oo

u— H[-]l~Y

<+——| Superposition!

=:u(t) * h(t) «——— def: convolution

= /_Q:G u(t — T)h(r)dr

= /;o u(t — 7)h(7)dr «——— def: causality
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Impulse Response

def: impulse response

h(r) := H((7))
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w(T)8(t — 7) u(T)h(t — 1)
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Causal Linear Time Invariant (LTI) System

= A causal system (a physical or nonanticipative system) is a
system where the output y(¢) only depends on the input values

{u(r)[ —oo <7<t}

= Thus, the current output y(¢) can be generated by the causal
system with the current and past input values

= Causal LTI impulse response
h(t) = 0, forT < O

(©. 9]

* Thus, we have y(t) = / Oou(t — 7)h(7)dr

= /OOO u(t — 7)h(7)dr
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Causal System (Physically Realizable)

y(t)
u(t) /\\/
ast future ast
P | System p future
current current
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Causal System?

= Derivative operator (input: position, output: velocity)

2(t) —| £ @(t)

= Integral operator (input: velocity, output: position)

i(t) —| [ Qdt— (1)
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Complex Numbers

= Qrdered pair of two real numbers

s:=x+jyeC,wherex,y e R,j =+v—1

= Conjugate 35 =3s":=ux— jy
= Addition s1 =1+ jy1,82 = x2 + jyo
s1+so = (z1+22) +j(y1 + y2)
= Multiplication
s182 = (1 + jy1)(z2 + jy2)

= (z122 — y192) + j(y122 + Z1Y2)

s5* = |52 = 22 + ¢
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Complex Numbers

- Eulersidentity [e/9 = cos 6 + jsin 6

COSG:M, S[I"IQ:M
2 27
. . 70 s Im
= Polar form |S -=$+J_’y=’l“€
; 2 2
= Magnitude = .
gnitu r \/x_j_y JY s :
= Phase 0 =tan “(y/x) T )
. . —Re
s1=r1e9%1, 55 = roed?2 x
~ S1 _ "1 _j(0,—0
= (01402 Pl _ T1.5(01—062
5180 = r1rHE P
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e?. sinxz, cosz
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X (_1)n 2n+1 3 5 7
sinz 1= Z %zxfﬂ_kifi_k...
= (2n+1)! 3t Bl 7
X (—=1)ng2n x2 ozt 20
cosx = S, U A A
v ngo (2n)! st et
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Transfer Function: Laplace Transform of Unit Impulse
Response of the System

= Inputsignal: |u(t) = e wheret € (—o0, o0)
= Output signal: y(t) = u(t) + h(t) = [O " h(r)u(t — r)dr

= /ch: h(r)e* = "dr

o t
:/0 h(r)e® e *Tdr

def: Transfer Function

=: H(s)e"
= Take S — ]w Laplace transform of

o0
= [/0 h(m)e 57dr| et
\:g(h)fk

the impulse response

u(t) = et —{H(Gw)— y(t) = H(jw)e!™

= cos(wt) + jsin(wt)
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