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TO PEDIO THS SUQNOTHTAS

• Isaac Newton: anĹlush leukoÔ fwtìc se qrwmatikèc dè-
smec, to fĹsma

• J.B.J Fourier: qrăsh trigwnometrikÿn seirÿn sth melèth
thc diĹdoshc kai thc katanomăc thc jermìthtac se stereĹ sÿ-
mata

AnĹlush shmĹtwn se hmitonikĹ (migadikĹ) sămata
SÔnjesh shmĹtwn apì hmitonikĹ (migadikĹ) sămata

• seirèc Fourier: periodikĹ sămata suneqoÔc qrìnou (Diakritì
fĹsma Ĺpeirhc èktashc)

• metasqhmatismìc Fourier: mă periodikĹ sămata sunèqoÔc qrì-
nou (Suneqèc fĹsma Ĺpeirhc èktashc)

• diakritèc seirèc Fourier: periodikĹ sămata diakritoÔ qrìnou
(Diakritì fĹsma Ĺpeirhc èktashc, periodikì )

• diakritìc metasqhmatismìc Fourier: mă periodikĹ sămata su-
nèqoÔc qrìnou (Suneqèc fĹsma Ĺpeirhc èktashc, periodikì)
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Seirèc Fourier shmĹtwn suneqoÔc qrìnou

• x(t) = x(t + T0) periodikì săma suneqoÔc qrìnou

SÔnjesh

x(t) =
∞∑

k=−∞
cke

2πf0kt

AnĹlush

ck =
1

T0

∫

T0

x(t)e− 2π

T0
kt

dt

• f0 = 1
T0

Jemeliÿdhc suqnìthta

Proôpojèseic: Sunjăkec Dirichlet

1. peperasmèno plăjoc asuneqeiÿn se kĹje perÐodo

2. peperasmèno plhjoc megÐstwn/elaqÐstwn se kĹje perÐodo

3.
∫

T0
|x(n)|dt < ∞
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FASMA ISQUOS PERIODIKWN SHMATWN SUNEQOUS QRONOU

• IsqÔc periodikoÔ sămatoc suneqoÔc qrìnou

P =
1

T0

∫

T0

|x(t)|2dt

• Jeÿrhma Parseval

P =
∞∑

k=−∞
|ck|2

• (grammikì) fĹsma isqÔoc ck,−∞ < k < ∞

• mètro fĹsmatoc isqÔoc |ck|2,−∞ < k < ∞

• fĹsh fĹsmatoc isqÔoc θk = 6 ck,−∞ < k < ∞
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• ParĹdeigma

x(t) = cos(6πt)

T0 = 1/3 F0 = 3

x(t) =
1

2
e6πt +

1

2
e−6πt

Suntelestèc Fourier (mă mhdenikoÐ)

c−3 =
1

2
, c3 =

1

2

Mètro fĹsmatoc isqÔoc

P (−3) =
1

4
, P (3) =

1

4

0 1 2 3 4 5 6 7
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

Periodikì Săma
0 2 4 6 8 10 12 14

0

0.05

0.1

0.15

0.2

0.25

FĹsma IsqÔoc

5



• ParĹdeigma x(t) periodikì me jemeliÿdh perÐodo T

x(t) =

{
A, t ∈ [0, d)
0, t ∈ (d, T )

Suntelestèc Fourier

ck = C0sinc(
kω0d

2
)e− kωo

2 ,−∞ < k < ∞

ω0 =
2π

T
, C0 = A

d

T
, sinc(ω) =

sin(ω)

ω

Mètro fĹsmatoc isqÔoc

P (k) = |C0|sinc(
kω0d

2
)
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Eidikèc periptÿseic
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Metasqhmatismìc Fourier shmĹtwn suneqoÔc qrìnou

• x(t) mh-periodikì săma suneqoÔc qrìnou

SÔnjesh

x(t) =

∫ ∞

−∞
X(f)e2πftdf

AnĹlush

X(f) =

∫ ∞

−∞
x(t)e−2πftdt

• f Suqnìthta

Proôpojèseic: Sunjăkec Dirichlet

1. peperasmèno plăjoc asuneqeiÿn

2. peperasmèno plhjoc megÐstwn/elaqÐstwn

3.
∫∞
−∞ |x(n)|dt < ∞
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FASMA ENERGEIAS
MH PERIODIKWN SHMATWN SUNEQOUS QRONOU

• Enèrgeia mh periodikoÔ sămatoc suneqoÔc qrìnou

E =

∫ ∞

−∞
|x(t)|2dt

• Jeÿrhma Parseval

E =

∫ ∞

−∞
|X(f)|2df

• fĹsma enèrgeiac X(f),−∞ < f < ∞

• mètro fĹsmatoc |X(f)|2,−∞ < f < ∞

• fĹsh fĹsmatoc θ(f) = 6 X(f),−∞ < f < ∞
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ParĹdeigma: tetragwnikìc palmìc

x(t) =

{
1, |t| < τ,
0, |t| > τ

Metasqhmatismìc Fourier

X(f) = 2τsinc(2πτf)
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BASIKES IDIOTHTES
METASQHMATISMOU FOURIER SUNEQOUS QRONOU

• Grammikìthta

ax1(t) + bx2(t) ←→ aX1(ω) + bX2(ω)

• Qronikă metatìpish

x(t− t◦) ←→ e−t◦ωX(ω)

• Metatìpish sto pedÐo suqnìthtac (diamìrfwsh)

etω◦ ←→ X(ω − ω◦)

• Sugkerasmìc

y(t) = h(t) ? x(t) ←→ Y (ω) = H(ω)X(ω)
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APOKRISH SUQNOTHTAS
GRAMMIKWN SUSTHMATWN SUNEQOUS QRONOU

• y(t) grammikì sÔsthma suneqoÔc qrìnou

y(t) = h(t) ? x(t)

• eÐsodoc armonikì săma

x(t) = eωt

• èxodoc

y(t) =

∫ ∞

−∞
h(t− τ)eωtdτ

ă

y(t) =

(∫ ∞

−∞
h(t)eωtdt

)
eωt

• Apìkrish suqnìthtac

H(ω) =

∫ ∞

−∞
h(t)eωtdt

Ĺra

h(t)
F⇐⇒ H(ω)
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ANALOGIKA FILTRA

FÐltro (Grammikì) SÔsthma pou metabĹllei (periorÐzei) to (mè-
tro) tou fasmatikìu perieqìmenou twn shmĹtwn.

y(t) = h(t) ? x(t) ←→ Y (ω) = H(ω)X(ω)

• FiltrĹrisma:

|Y (ω)| = |H(ω)||X(ω)|

1. Epilogă tou mètrou thc apìkrishc suqnìthtac tou fÐltrou
H(ω) katĹ ton epijumhtì trìpo.

2. Grammikă fĹsh ΘH(ω) = −ωtd
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Idanikì fÐltro dièleushc qamhlÿn suqnotătwn (LPF)

|HLP(ω)| = 1 |ω| < ωc

0 |ω| > ωc

• ωc: Suqnìthta apokopăc

Idanikì fÐltro dièleushc uyhlÿn suqnotătwn (HPF)

|HHP(ω)| = 0 |ω| < ωc

1 |ω| > ωc
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Idanikì fÐltro dièleushc zÿnhc suqnotătwn (BPF)

|HBP(ω)| = 0 ωc1 < |ω| < ωc2

1 αλλoυ

Idanikì fÐltro apokopăc zÿnhc suqnotătwn (BSF)

|HBS(ω)| = 0 αλλoυ
1 ωc1 < |ω| < ωc2
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Seirèc Fourier shmĹtwn diakritoÔ qrìnou

• x(n) = x(n + N) periodikì săma diakritoÔ qrìnou

SÔnjesh

x(n) =
N−1∑

k=0

cke
2πf0kn

AnĹlush

ck =
1

N

N−1∑
n=0

x(t)e−2π

N
kn

• f0 = 1
N

Jemeliÿdhc suqnìthta

Proôpojèseic: -
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FASMA ISQUOS
PERIODIKWN SHMATWN DIAKTRITOU QRONOU

• IsqÔc periodikoÔ sămatoc suneqoÔc qrìnou

P =
1

N

N−1∑
n=0

|x(n)|2

• Jeÿrhma Parseval

P =
N−1∑

k=0

|ck|2

• (grammikì) fĹsma isqÔoc ck,0 < k < N − 1

• mètro fĹsmatoc isqÔoc |ck|2,0 < k < N − 1

• fĹsh fĹsmatoc isqÔoc θk = 6 ck,0 < k < N − 1

Periodikìthta FĹsmatoc: ck+N = ck
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Metasqhmatismìc Fourier shmĹtwn diakritoÔ qrìnou

• x(n) mă-periodikì săma diakritoÔ qrìnou

SÔnjesh

x(n) =
1

2π

∫

2π

X(Ω)eΩndΩ

AnĹlush

X(Ω) =
∞∑

n=−∞
x(n)e−Ωn

• Ω = 2πF (kuklikă) suqnìthta

Proôpojèseic:
∞∑

n=−∞
|x(n)| < ∞
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FASMA ENERGEIAS
MH PERIODIKWN SHMATWN DIAKRITOU QRONOU

• Enèrgeia mh periodikoÔ sămatoc diakritoÔ qrìnou

E =
∞∑

n=−∞
|x(n)|2

• Jeÿrhma Parseval

E =
1

2π

∫ π

−π

|X(Ω)|2dΩ

• fĹsma enèrgeiac X(Ω),−π < Ω < Ω

• mètro fĹsmatoc |X(Ω)|2,−π < Ω < Ω

• fĹsh fĹsmatoc θ(Ω) = 6 X(Ω),−π < Ω < π

Periodikìthta FĹsmatoc: X(Ω + 2π) = X(Ω)
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ParĹdeigma: tetragwnikìc palmìc

x(n) =

{
1, |n| < N,
0, |n| > N

Diakritìc metasqhmatismìc Fourier

X(Ω) =
sin(Ω(N + 1

2
))

sin(Ω
2
)
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BASIKES IDIOTHTES
DIAKRITOU METASQHMATISMOU FOURIER

• Grammikìthta

ax1(n) + bx2(n) ←→ aX1(Ω) + bX2(Ω)

• Qronikă metatìpish

x(n− n◦) ←→ e−n◦ΩX(Ω)

• Metatìpish sto pedÐo suqnìthtac (diamìrfwsh)

enΩ◦ ←→ X(Ω−Ω◦)

• Sugkerasmìc

y(n) = h(n) ? x(n) ←→ Y (Ω) = H(Ω)X(Ω)

• Periodikìthta

X(Ω + 2π) = X(Ω)
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