
xs(t) =

+∞∑
n=−∞

x(nTs)δ(t− nTs)

normalization of time

n =
nTs

Ts

fnorm =
f

Fs

ωnorm =
ω

Fs

convol in freq and in time.

Xs(jω) = X(jω) ⋆ S(jω) =
1

2π

∫ +∞

−∞
X(α)S(ω − α)dα

y(t) = x(t) ⋆ h(t) =

∫ +∞

−∞
x(τ)h(t− τ)dτ

four series

ck =
Dϑ

Ts
sinc

(
ϑ

2
kΩs

)

ck = lim
ϑ→0

1
ϑϑ

Ts
sinc

(
ϑ

2
kΩs

)
=

1

Ts
sinc(0) =

1

Ts

S(jω) =

+∞∑
k=−∞

2πckδ(ω − kΩs) =

+∞∑
k=−∞

2π

Ts
δ(ω − kΩs)

convolutions again

Xs(jω) = X(ω) ⋆
2π

Ts
δ(ω) = FsX(ω)

Xs(jω) = X(ω) ⋆
2π

Ts
δ(ω − Ωs) = FsX(ω − Ωs)

Xs(jω) = X(ω) ⋆
2π

Ts
[δ(ω) + δ(ω − Ωs)] = Fs[X(ω) +X(ω − Ωs)]

Xs(jω) = X(ω) ⋆
2π

Ts

+∞∑
k=−∞

δ(ω − kΩs) = Fs

+∞∑
k=−∞

X(ω − kΩs)

reco in frquency

Hr(jω) =

{
Ts for − Ωs/2 < ω < Ωs/2
0 elsewhere

reco time

hr(t) =
Ts

2π
Ωssinc

(
Ωs

2
t

)
= sinc

(
Ωs

2
t

)
Ωs

2
tx = π, therefore tx =

2π

Ωs
=

2πTs

2π
= Ts.

x(0)δ(t) −→ x(0)sinc

(
Ωs

2
t

)
,

x(nTs)δ(t− nTs) −→ x(nTs)sinc

(
Ωs

2
(t− nTs)

)
,

xr(t) =

∞∑
n=−∞

x(nTs)sinc

(
Ωs

2
(t− nTs)

)
.

————————– FR pomoci DFT ———————

ck =
1

T1

∫
T1

x(t)e−jkω1tdt,

ck ≈ 1

NTs

N−1∑
n=0

x(nTs)e
−jk 2π

NTs
nTsTs =

Ts

NTs

N−1∑
n=0

x(nTs)e
−jk 2π

N n =
1

N

N−1∑
n=0

x[n]e−jkn 2π
N .



ck =
X[k]

N
.

kmax <
N

2
,

ωmax <
Ωs

2
.

ck =
X[mk]

N
,

—————— FT pomoci DFT —————–

X(jω) =

∫ +∞

−∞
x(t)e−jωtdt

Ωs =
2π

Ts

k
Ωs

N
.

X(jk
Ωs

N
) ≈

N−1∑
n=0

x(nTs)e
−jkΩs

N nTsTs = Ts

N−1∑
n=0

x(nTs)e
−jk

2π/Ts
N nTs = Ts

N−1∑
n=0

x[n]e−jkn 2π
N .

k
Ωs

N

X(jk
Ωs

N
) = TsX[k]

k <
N

2

ωmax <
Ωs

2

X(jk
Ωs

N
) −→ X(jk

Ωs

N
)e−jkΩs

N tstart


