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TRASFORMATA I LAPLACE

Det Sie f[,+] - K
= La transformatio di Laplace dif

1
--ResiOfLCs) =2I]= fat definite pe I-ef-

D
oscissodiW nuova variabile indipendente convergente

Lern operator eincor :2[f+Bg)( = x2(f)+32(g)
primi esempi :

ItEi()>X(s) = estrtdt

2[1) = /Testdt= -1-!)= I
Inregrawon
per pei -2it)=/Estdt=I
get

=test estalt
g=

tes
2[] = I

LE = SXCs) -x(0)

ANTITRASFORMAZIONE

ERes(Xes est, zu) metodo dei2
-1 resideri

X- It Ax) =
2 2 metodo del
xt)& X(s) =Z,

Stbe vowerai
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APPLICAZIONE A 2 : Risolurome ef . diff-
La transformata dr Laplace transforme ve problem
arffeuwal in algebr

cambro 2notazioney() +y() = 2x -> nH+xH= 2 t -> sXCs)-no+X1s) =2
nor e pri e . differentiell .

Risolvendo :

2

(S+1)X() = no+E =x X(s) = +
sT25+1I

tonwar alle notations wit awtrasformando
2 2

-1

=- Xes
estx()=

+

st
-> x(t) ZinesC I zu)

- I

- IRESIDU 5 NSOLARiTA DI XCSI

5 = -1 oppo
St1=0 - S =-1

sto- s= 0 doppit

Reset S-1S0· it not
Resi ) =asilltest-estfelt-t
singolentdoppra

Res(-2) =silsit
solvroue

n(= (o+2)et+2t-2->y()= (Fox)e+cn-2 gende

Assegwendo ure condi four pur il calcolo do yo
atteniamo und solutions parcolen(problema dr Carchy

y(1 = - y() + x
-

solutioneEye =yo
- particolare
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PROPRIETA
devivata n-esimo

2 [et] = Ste 2[fi= SFCs)-sug
2(f() = sFCs)-fcs

2 [simat(s)=o 2[f= SECs)-sfc-fl

2[cos(et) = se Integrale

2!edi2[smh(at) = ser I = E
E

.
Periodica

2 [cosh (et] = =-she

2 [t]c)= 2(f4)] ==st
TRASLAGONE F

. GRADINO

2Let . f() = F(s -e) 2[Ct =2[1 =3
2[Ct-al] = an

2 [n(-)f(e)(s) =e F()
& DIRAC

CAMBIO AU SCALA &so 2[87) = 1
2[f2t)] = =F()
Prodotto pert

convowwove

2[tf= =4 /FCs) 2[f +g] = 21] ·218]
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Quesiton(b)

Trasfonuate di Laplace delle funtione
35

E y"
+ 2y1- 3y = xe

y(0 =10
y'(a = 6

+ 2 27] -321] = h1et
I

]-y(+2)-3LII] = "Let
( + 2)277) -g'(0-3217]="1te)

↓
(+ 2) (F(s) -f(0)) - y'G) - 3 F(s) =

#
S-3

(S + 2s -3) F() - ( +2) 10 - 6 =1
S-3

(-3)(s 25-3) F(s) = 10(s-3)(s+2) + 6(s-3) + 4
F() = s+2) + 6(s-3) + 4

I

(-3)(s 25- 3)
- bits=C
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ESERCIEIO

Trasfonuate di Laplace delle funtione

(g
+ 2te

2T]-L[] +2 E7+252)= 0
- Applica le propurete :

S2LIF] e 2(f() = sFCs)-fcs

-
en

[S+)(5F() - ) 3 +5 +5
=--2

53(s+1) F(s) - 35+ 3 + 2 =O - F(s)-S
ESERCIEIO

Trasfonuate di Laplace delle funtione
n(t) = 5 +

2est Applica le propurete :

2 [et]() =1
S-2

2Ett = 553)= 2 [t]c)=
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ESERCIEIO

Trasfonuate di Laplace delle funtione
se octslrelt)=(Betse tIn

38relt) = Set osten ↳
.

tI4
----

↳ t

3 ⑧ sectxe(t= 3 et((t-4) i↳u(t -n)

-X

t

2 [Bett-n+n(t-Y = Applica le propurete :

2)LEt-e) f t-eeF()
- 3Let -n(-) =

Applica le propurete :
= 3 et is .L[e]= 2 [et]() =1

S-2

=bet.=

-
-is+2) Du S>2
St2
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ESERCIEIO

Trasfonuate di Laplace delle funtione

n(t) =Get me!

n(t) = Ge2t
Se 30425 ↑ -
-·

O altermenti

ezty... An ex(t= e t (n(t-3) -n(t- s)) I >-

S Applica le propurete :2Ent=2Ecl(t-3]-2[ett-3) 2(t-e) f t-) =ee+()

= ebffertent-b)-Lelt-tnt= Applica le propurete :

↓ 2[n(e) f(t-e)=es FCs)s 2 [et] = Ste

- 6-3) - 10-5S

- essee I-
-5(2+3)
l - I

S +2 S+2
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ESERCIEIO

·E
se 0ct 2 zeb --------r(t)= Lest
se + 2

⑧

- X-

t

L

zes-Kan(t-2)
.....I --n(t) = tetn(t-2) Eri-

- X

2 t

Applica le propurete :LINCT = 2It e
*

n(-2)] = 2[tf= =4 /FCs)

Applica le propurete :
I= tY2[et-2+nt-2) 12 EntrefteDee#()

= -(3) = +e teste=

= + - es
e

2
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ESERCIEIO

Trasfonuate di Laplace delle funtione
20ct -2

re(t) =(t - 2 set 2

2-0

set > 2

e(t)
*

~
I

x(t) =( =zot
2 -

e(t)
*

2=0c[nc) -n(-2) 1--2)
-

I
"

-

x(t) t-2

( - 2)[n( -2)
1 ------ Cu(t-2

&

~
"
-

x( = 2 [n() - n(t-x) + G - 2)[m(-2)
2[nC)= 22Ency-22 [CE] +2 [E-2me -)
--
⑰ &

⑫
E2s

= Applica le propurete :2e2+
S=--- 2EnCED =2[1] =3

-(1 - es)- 2 [r(t-e)f(-e) = 2 F(s)

S>0 S20 be so
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ESERCIEIO

Trasfonuate di Laplace delle funtione
t

n(t) = /resih(3r)dr

Applica laproprieta
nett) = /Fresh(r)dr 2 Frd)=

Applica le propurete :

2E = Eeh(3rD= 2[tf= =4 /FCs)

Applica laproprieta

--sruh(sr = 2 [shla)=

2[etf()= F(s- e)

=

- )
=

=-S
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ESERCIEIO

Trasfonuate di Laplac deller, diff
e-4n+5x= e sient

E201 = 0x'(0) = 3

Applica le propurete :

Applica le propurete : Applica le propurete :
2 [siulaty

2[f= SECs)-sf-fl 2(f() = sFCs)-fcs 2[et.f()= F(s - a)

2 E"] - -2 En + = FCs) =2 etgruty
↓
*a) -f(s+()-

↓
SICS) -S

0

F()(52- as +5) - 3=
F()(- n .s + 5) ==+ + 1

+ 3

F(s)(s2-ns +5) = 5

F(s) =-
+ 16

(32- 45+ 5)2

1= (2)2-2 = 4 - 5 = -

s=
1
= 2Ii = a assiste arcorenfante

Reis/2 Dowidodicouergente
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ESERCIEIO

Anditrasformata di sS= -2 singsto
S=0 doppro

Rest, o=as it are in
Prodott Multiple

-
et
.s + - (2)(, :- +t -+ = 2t- 1)I

Res(, -2) - et t= zect

n(t) = 2 e2t+ 2t - 2
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ESERCIEIO

Antitrasformate di
-3

52(s 1)
↓ (sti)(s-i)=0= singolo

singolo
s=odoppro

singoberfi doppre zSt

Restite ,filet))neeeD

-get .(E-))t-o=st
Restilet,itn

eitS⑱
I it

=3 eit --5thi ei I- ze-

- 2 i -zi

-S - e =Res(est, i =est) thise
- it

⑱ S-
-

-2-4i-3- it - it
-e = =hi

eit
_ -eitze21 2 i

-it ite
L zie-ze - 5

- it tnt) = E - - zeit t+set _/-

t
- zie-

I

I ↓
= 3t+ 500S(H) -n8u(H Sin(t) 2c0S(t)



devivata n-esimo

2 [et] = Ste 2[fi= SFCs)-sug
2 [simat(s)=o 2(f() = sFCs)-fcs

2[f= SECs)-sfc-fla
2[cos(et) = se

2[smh(at) = ser Integrale

2 [cosh(et] = 2wdn]=
I

she

E
.
Periodica

2 [t]c)= 2(f4)] ==st
TRASLAGONE

2Let . f() = F(s -e) F
. GRADINO

2 (n(t- e)f(t- e)](s) = i F(s)
2(nCH] = 2 [ 1] = 3

& DIRAC
CAMBIO AU SCALA &so

2[f2t)] = =F() 2[87) = 1

Prodotto pert
convowwove

2[tf= =4 /FCs) 2[f +g] = 21] ·218]



FORMUL Win

=it

cos(z)-
it

+---!l





ESERCiZI

Sizes -8ee
2En"-2x'-8x]=2Let

In"[] - 22[n] - 82[r] =1Lent
L ↓ ↓ I

sE(S) -No AnSLIn']-no X F(S) S-4
=

↓↑Is(SF(s)--XSF(s) - 2SF(S) -8 F(s) I 1S- 4F()(s-25 -8) =1 -> FTs)=1
↓ (S - 4) a(s-42)
(+2)(s- 4)

Scamporendo in fratti semplicin
A

+
B

+ C
--
-

S+2 S- 4) < - 4 12



⑭By )
2 I

--

I
As AS + 16A + 552-EBS -8B+ Es + 2C

2 -
(S+2)(s-n)

SYA+B C( + S(-8A - 2B + c) + (16A -83+2)
(S+2) (s-n)2

AtB = 0 - A = - B

C-BA-2B= 0 - C = 8A + 2B = 8A -2A = 6A

8A-4B+C= 1 -> C= nB -8A+1-> 6A= -12A+ 1 -> A =8
↓ ↓
6A - 4A

A =
8

B =
-A

=

- 48

E
I

IC = - 12A + 1 = - + 1
= 3 = 5↑↑352) -E =

-9+2) - 35-n) 52
-

1
-

-1 -I(556253+ =2 -42I L su36 S+2

2t

I = A e -
1

sett 36

a

36

et+ I test



QUEsiTO 3 (a) ?

ni = (et+ cost)

2 cost= 2TebT+22los]+2)=
+1

=L[et+2 ftcost+ELEAD+2 2 E)

↓ ↓ ↓ I
A - s I⑧S-e 1 +(S-3)2W5-670 52- 65 + 9 + 170 ( +2)(-2)>-

5>6
S2-6S+10>0

Sc= zVS>2↑O S = 3
IXro
-

2

- - t1+ (s4)S-6 12 I Es
- --

52+ 2548
=

3 54 8
- -

45(sin) ns(s+ n)




