
Lumènec Ask seic
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x(t)=ea|t|, a>0
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Sq ma 1: To s ma x(t) = e−a|t|, a > 0, kai to s ma h(t) = e−2a(t−1)u(t− 1), a > 0.

Pr¸th 'Askhsh

DÐnontai ta s mata:

x(t) = e−a|t|, (1)

h(t) = e−2a(t−1)u(t− 1) (2)

ìpou a > 0 kai u(t) eÐnai to s ma monadiaÐou b matoc.

1. Na upologÐsete th sunèlixh y(t) = x(t) ∗ h(t) me analutikì trìpo.

2. Na proseggÐsete th sunèlixh qrhsimopoi¸ntac th sun�rthsh conv tou Matlab.

LÔsh

1. H grafik  par�stash twn dÔo shm�twn x(t) kai h(t) faÐnetai sto Sq ma 1. H sunèlixh

twn duo shm�twn orÐzetai wc ex c:

y(t) = x(t) ∗ h(t) =
∫ ∞

−∞
x(τ)h(t− τ)dτ.
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Sq ma 2: To s ma h(t− τ) = e−2a(t−τ−1)u(t− τ − 1), a > 0 gia t ≤ 1.

Gia na thn upologÐsoume grafik�, ja prèpei na sqedi�soume to s ma h(t − τ), kai

na p�roume peript¸seic an�loga me thn epik�luyh twn mh mhdenik¸n sunistws¸n twn

x(τ) kai h(t− τ). To h(t− τ) sqedi�zetai sto Sq ma 2, gia t ≤ 1, kai sto Sq ma 3,

gia t > 1.

Apì ta Sq mata 1, 2 kai 3, eÐnai fanerì ìti èqoume dÔo peript¸seic:

(aþ) t− 1 ≤ 0 ⇒ t ≤ 1:

H sunèlixh se aut n thn perÐptwsh ja eÐnai:

y(t) =
∫ t−1

−∞
eaτe−2a(t−τ−1)dτ

= e−2a(t−1)
∫ t−1

−∞
e3aτdτ =

1

3a
ea(t−1) (3)

(bþ) t− 1 > 0 ⇒ t > 1:

H sunèlixh se aut n thn perÐptwsh ja eÐnai:

y(t) =
∫ 0

−∞
eaτe−2a(t−τ−1)dτ +

∫ t−1

0
e−aτe−2a(t−τ−1)dτ

=
1

3a
e−2a(t−1) +

1

a
e−a(t−1) − 1

a
e−2a(t−1)

=
1

a
e−a(t−1) − 2

3a
e−2a(t−1) (4)
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h(t−τ)=e−2a(t−τ−1)u(t−τ−1), t>1

τ

h(
t−

τ)

Sq ma 3: To s ma h(t− τ) = e−2a(t−τ−1)u(t− τ − 1), a > 0 gia t > 1.

Opìte, telik�, èqoume:

y(t) =





1
3a

ea(t−1) t ≤ 1

1
a
e−a(t−1) − 2

3a
e−2a(t−1) t > 1

(5)

to opoÐo sqedi�zetai sto Sq ma 4.

2. 'Enac trìpoc gia na proseggÐsoume th sunèlixh suneqoÔc qrìnou eÐnai na p�roume deÐg-

mata twn sunart sewn x(t) kai h(t) kai na upologÐsoume thn sunèlixh twn akolouji¸n

pou prokÔptoun, mèsw thc sun�rthshc conv tou MATLAB. An ta deÐgmata apèqoun

qronik� kat� ∆τ , me ∆τ mikrì, tìte, kanonikopoi¸ntac th sunèlixh twn akolouji¸n

me ton ìro ∆τ , proseggÐzoume ikanopoihtik� th sunèlixh suneqoÔc qrìnou.

To m-file tou Matlab pou ulopoieÐ thn prosèggish brÐsketai sthn istoselÐda tou maj -

matoc me ìnoma askisi SS1.m (meleteÐste thn akrÐbeia thc prosèggishc ìtan metab�l-

letai h posìthta step).
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Convolution − Analytical Solution

Sq ma 4: To s ma y(t) pou prokÔptei apì thn sunèlixh twn shm�twn x(t) kai h(t)
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