
oprava

i(t) = C
dy(t)

dt

x(t)− y(t)

R
= C

dy(t)

dt

———————————— spojeni - oprava
h[n] = h1[n] + h2[n]

———————————— Cas vs frekvemce - v case

y[n] = b0x[n] + b1x[n− 1] + . . .+ bQx[n−Q] −a1y[n− 1]− . . .− aP y[n− P ]

y[n] =

Q∑
k=0

bkx[n− k]−
P∑

k=1

aky[n− k]

spojite

a0y(t) + a1
dy(t)

dt
+ a2

d2y(t)

dt2
+ . . .+ aP

dP y(t)

dtP
= b0x(t) + b1

dx(t)

dt
+ b2

d2x(t)

dt2
+ . . .+ bQ

dQx(t)

dtQ

P∑
k=0

ak
dky(t)

dtk
=

Q∑
k=0

bk
dkx(t)

dtk

————- dirac and convolution ————
x(t) ⋆ δ(t) = x(t)

x(t) ⋆ δ(t− τ) = x(t− τ)

x(t) ⋆ [δ(t) + δ(t− τ) + δ(t− 2τ)] = x(t) + x(t− τ) + x(t− 2τ)

—– causality
h[n] = 0 for n < 0

h(t) = 0 for t < 0

================ freq ============

ω = 2πf

X(jω) = FT{x(t)} =

∫ +∞

−∞
x(t)e−jωtdt

Y (jω) = FT{y(t)} =

∫ +∞

−∞
y(t)e−jωtdt

y(y) = x(t) ⋆ h(t) =

∫ +∞

−∞
x(τ)h(t− τ)dτ

Y (jω) = X(jω)H(jω)

H(jω) = FT{h(t)} =

∫ +∞

−∞
h(t)e−jωtdt

=========== laplace ======================

X(s) =

∫ +∞

−∞
x(t)e−stdt

x(t)
L−→ X(s)

ax(t)
L−→ aX(s)

a1x1(t) + a2x2(t)
L−→ a1X1(s) + a2X2(s)

dxk(t)

dtk
L−→ X(s)sk



dx(t)

dt

L−→ X(s)s

Vztah s FT

X(jω) =

∫ +∞

−∞
x(t)e−jωtdt X(s) =

∫ +∞

−∞
x(t)e−stdt

s −→ jω

X(jω) = X(s)|s=jω.

———— processing diff eq by laplace ————-

a0y(t) + a1
dy(t)

dt
+ a2

d2y(t)

dt2
+ . . .+ aP

dP y(t)

dtP
= b0x(t) + b1

dx(t)

dt
+ b2

d2x(t)

dt2
+ . . .+ bQ

dQx(t)

dtQ

a0Y (s) + a1Y (s)s+ a2Y (s)s2 + . . .+ aPY (s)sP = b0X(s) + b1X(s)s+ b2X(s)s2 + . . .+ bQX(s)sQ

Y (s)

X(s)

H(s) =
Y (s)

X(s)

a0Y (s) + a1Y (s)s+ a2Y (s)s2 + . . .+ aPY (s)sP = b0X(s) + b1X(s)s+ b2X(s)s2 + . . .+ bQX(s)sQ

Y (s)(a0 + a1s+ a2s
2 + . . .+ aP s

P ) = X(s)(b0 + b1s+ b2s
2 + . . .+ bQs

Q)

Y (s)

X(s)
=

b0 + b1s+ b2s
2 + . . .+ bQs

Q

a0 + a1s+ a2s2 + . . .+ aP sP

H(s) =
b0 + b1s+ b2s

2 + . . .+ bQs
Q

a0 + a1s+ a2s2 + . . .+ aP sP
=

Q∑
k=0

bks
k

P∑
k=0

aks
k

B(s) =

Q∑
k=0

bks
k

A(s) =

P∑
k=0

aks
k

— to freq response

H(jω) = H(s)|s=jω =

Q∑
k=0

bk (jω)k

P∑
k=0

ak (jω)k

HdB(jω) = 20 log10 |H(jω)| = 10 log10 |H(jω)|2

—————– factorization

H(s) =
b0 + b1s+ b2s

2 + . . .+ bQs
Q

a0 + a1s+ a2s2 + . . .+ aP sP

H(s) =
bQ(s− n1)(s− n2) . . . (s− nQ)

aP (s− p1)(s− p2) . . . (s− pQ)
=

bQ

Q∏
k=0

(s− nk)

aP

P∏
k=0

(s− pk)

H(jω) =
bQ(jω − n1)(jω − n2) . . . (jω − nQ)

aP (jω − p1)(jω − p2) . . . (jω − pP )

modul

|H(jω)| = bQ|jω − n1| |jω − n2| . . . |jω − nQ|
aP |jω − p1| |jω − p2| . . . |jω − pP |

=
bQ product of lengths of blue vectors

aP product of lengths of red vectors



argument

argH(jω) = arg(jω − n1) + arg(jω − n2) + . . .+ arg(jω − nQ)− arg(jω − p1)− arg(jω − p2)− . . .− arg(jω − pP )

= sum of angles of blue vectors − sum of angles of red vectors


