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» Alguns problemas de valor inicial (PVI) podem ser
resolvidos pela Transformada de Laplace.

» A equacao diferencial devera ser linear com
coeficientes constantes.
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Alguns problemas de valor inicial (PVI) podem ser
resolvidos pela Transformada de Laplace.

A equacao diferencial devera ser linear com
coeficientes constantes.

A técnica pode ser aplicada tanto na equacao
homogénea quanto na equacao nao homogénea.

A resolucao da eq. dif. nao homogénea com a
transformada é mais simples em comparacao com
outros métodos.



Alguns problemas de valor inicial (PVI) podem ser
resolvidos pela Transformada de Laplace.

A equacao diferencial devera ser linear com
coeficientes constantes.

A técnica pode ser aplicada tanto na equacao
homogénea quanto na equacao nao homogénea.

A resolucao da eq. dif. nao homogénea com a
transformada é mais simples em comparacao com
outros métodos.

O proximo teorema estabelece a transformada de
derivadas, fundamental para resolucao de PViIs.
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Seja uma funcao f continua e f’ continua por partes
em um intervalo 0 <t < A.

~
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Seja uma funcao f continua e f’ continua por partes
em um intervalo 0 <t < A.

Supondo que |f(t)| < Ke% para t = M € R; com
K, M e a constantes reais.

~
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Seja uma funcao f continua e f’ continua por partes
em um intervalo 0 <t < A.

Supondo que |f(t)| < Ke% para t = M € R; com
K, M e a constantes reais.

Entao,

Lif' ()} = sLif (1)) — f(0)

~
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4 N
Seja uma funcao f continua e f’ continua por partes

em um intervalo 0 < t < A.

Supondo que |f(t)| < Ke% para t = M € R; com
K, M e a constantes reais.

Entao,

- Lif' ()} = sLif (1)) — f(0) y

4 o~ )
Com as mesmas condicdes do teorema tem-se que:

LI (0} = s2L{f ()} — sf(0) — f'(0)
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'—y' =2y =0 y(0)=1, y'(0)=0
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'—y' =2y =0 y(0)=1, y'(0)=0

v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.

ré—r—2=0
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'—y' =2y =0 y(0)=1, y'(0)=0

v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.

r’—r—-2=0 = @+1D@r-2)=0
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'—y' =2y =0 y(0)=1, y'(0)=0

v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.

r’—r—-2=0 = @+1D@r-2)=0

7"1:_1, T2:2
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?

v" Ao inserir as condi¢des iniciais determina-se C; e C,.
y(0) =1 = Cie® + Cye
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?

v" Ao inserir as condi¢des iniciais determina-se C; e C,.
y(O)=1=C180+C260 = C1+Cz=1
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?

v" Ao inserir as condi¢des iniciais determina-se C; e C,.
y(O)=1=C180+C260 = C1+Cz=1

y'(0) =0 = —Ce’ + 2C,e°
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?

v" Ao inserir as condi¢des iniciais determina-se C; e C,.
y(O)=1=C180+C260 = C1+Cz=1

y'(0) =0 = —C,e° + 2C,e° = ¢, = 2C,
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?

v" Ao inserir as condi¢des iniciais determina-se C; e C,.
y(O)=1=C180+C260 $C1+C2=1 $C2:1/3

y'(0) =0 = —C,e° + 2C,e° = ¢, = 2C,
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?

v" Ao inserir as condi¢des iniciais determina-se C; e C,.
y(O)=1=C180+C260 $C1+C2=1 $C2:1/3

y'(0)=0=—Ce’ +2C,e® = ¢, =2C, = C; =2/3
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Exemplo 1: Resolver o PVI com a Transformada de
Laplace.

y'=y' =2y=0 y(0)=1, y'(0)=0
v’ Este problema poderia ser resolvido pelo método da
eq. caracteristica.
r’—r—-2=0 = @+1D@r-2)=0

n=-1 rn=2 = |y=C_Cet+(e?

v" Ao inserir as condi¢des iniciais determina-se C; e C,.
y(O)=1=C180+C260 :>Cl+C2=1 $C2:1/3
y'(0) =0=—-Ce’+2C,e’ = ¢, =2C, = €, =2/3

2 1

v' Solugdo do PVI: |y = ge‘t + §e2t
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0

v Resolucdo com a Transformada de Laplace.
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Resolucdo com a Transformada de Laplace.
L{y"} = L{y'} = 2L{y} =0
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Resolucdo com a Transformada de Laplace.

L0} - LT 2L} =0

~N
([s2£{y} — sy(0) — y'(O)]}
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Resolucdo com a Transformada de Laplace.

L{y"} = L{y'} —2L{y} =0
—_—

~ .
([s2L{y} — sy(0) — y'(O)]|—{[sLLy} — y(O)]]
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Resolucdo com a Transformada de Laplace.
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—_—
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Resolucdo com a Transformada de Laplace.
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—_—

~ .
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Resolucdo com a Transformada de Laplace.

L{y"} = L{y'} = 2L{y} =0
—_—

~ .
([s2L{y} — sy(0) — y'(O)]|—{[sL{y} — y(O)]]- 2L{y} = O

[s2Y(s) —s.1—0] — [sY(s) —1] = 2Y(s) =0
[s2 —s—=2]Y(s)+1—5s=0

[s?2 —s—2]Y(s) =s—1

s—1

Y(s) =
(s) s2—s5—2
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Resolucdo com a Transformada de Laplace.

L{y"} = L{y'} = 2L{y} =0
—_—

~ .
([s2L{y} — sy(0) — y'(O)]|—{[sL{y} — y(O)]]- 2L{y} = O

[s2Y(s) —s.1—0] — [sY(s) —1] = 2Y(s) =0
[s2 —s—=2]Y(s)+1—5s=0

[s?2 —s—2]Y(s) =s—1

s—1 o s—1
W=g5 7 "6
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0

v' Decompor o denominador em fracdes parciais.
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v' Decompor o denominador em fracdes parciais.

s—1 A B

VS = e D62 " 6+D  G=2)
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v' Decompor o denominador em fracdes parciais.

s—1 A B

VS = e D62 " 6+D  G=2)

B s—1
s+ D —-2)
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v' Decompor o denominador em fracdes parciais.

s—1 A B

Y(S):(s+1)(s—2)=(s+1)+(s—2)

B s—1 _A(s—2)+B(s+1)
S G+DG-2  (+D(E-2)

v' Como os denominadores s3o iguais,

s—1=A(s—2)+B(s+1) = s—1=(A+B)s—24+8B

A+B=1
—24+B =—1
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v' Decompor o denominador em fracdes parciais.
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Y(S):(s+1)(s—2)=(s+1)+(s—2)
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0

v' Decompor o denominador em fracdes parciais.

s—1 A B

Y(S):(s+1)(s—2)=(s+1)+(s—2)

B s—1 _A(s—2)+B(s+1)
S G+DG-2  (+D(E-2)

v' Como os denominadores s3o iguais,

s—1=A(s—2)+B(s+1) = s—1=(A+B)s—24+8B
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24+ B = -1 —2(1-B)+B = -1

A=2/3

B=1/3
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Portanto, a expressdo de Y(s) fica:

23 173
O =63 65-2
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Portanto, a expressdo de Y(s) fica:

23 173
O =63 65-2

v Pelos exemplos resolvidos, sabe-se que:

1
L{eat} = E s>0
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Portanto, a expressdo de Y(s) fica:

23 173
O =63 65-2

v Pelos exemplos resolvidos, sabe-se que:
1
L{et}=—— 5>0
et} =—
v' Entio,
2 1

—t
35+1 {e ;




Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Portanto, a expressdo de Y(s) fica:

23 173
O =63 65-2

v Pelos exemplos resolvidos, sabe-se que:

1
L{eM}=—— 5>0

S—a
v' Ent3o,
2 1 2 1 1
— ——/ —t e _ ——r 2t
3551 3t 35z _3-te)
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Exemplol: y' -y —2y=0 y(0) =1, y'(0)=0
v Portanto, a expressdo de Y(s) fica:

23 13
"=+t 6-2

v Pelos exemplos resolvidos, sabe-se que:

1
L{eM}=—— 5>0

s—a
v Entdo,
| 1 1 1
—t o = —_r 2t
3s+1 @ ) 35—z 3t
2 1 Solugdo
v’ Portanto, L HY(s)}=y(t) = §€_t + geﬂ do FfVI
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1. A equacao diferencial na variavel t é reduzida para
uma equacao algébrica de variavel s.
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1. A equacao diferencial na variavel t é reduzida para
uma equacao algébrica de variavel s.

2. A transformada Y(s) de y(t) é encontrada,
resolvendo-se essa equacao algébrica.
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1.

2.

3.

A equacao diferencial na variavel t é reduzida para
uma equacao algébrica de variavel s.

A transformada Y(s) de y(t) é encontrada,
resolvendo-se essa equacao algébrica.

As constantes arbitrarias sao determinadas ao se
substituir as condig¢des iniciais na expressao de Y (s).
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A equacao diferencial na variavel t é reduzida para
uma equacao algébrica de variavel s.

A transformada Y(s) de y(t) é encontrada,
resolvendo-se essa equacao algébrica.

As constantes arbitrarias sao determinadas ao se
substituir as condig¢des iniciais na expressao de Y (s).

As equacoes diferenciais nao homogéneas sao
resolvidas da mesma forma que as homogéneas.
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A equacao diferencial na variavel t é reduzida para
uma equacao algébrica de variavel s.

A transformada Y(s) de y(t) é encontrada,
resolvendo-se essa equacao algébrica.

As constantes arbitrarias sao determinadas ao se
substituir as condig¢des iniciais na expressao de Y (s).

As equacoes diferenciais nao homogéneas sao
resolvidas da mesma forma que as homogéneas.

A dificuldade reside em encontrar a transformada de
Laplace inversa L7H{Y(s)} = y(¢).
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A equacao diferencial na variavel t é reduzida para
uma equacao algébrica de variavel s.

A transformada Y(s) de y(t) é encontrada,
resolvendo-se essa equacao algébrica.

As constantes arbitrarias sao determinadas ao se
substituir as condig¢des iniciais na expressao de Y (s).

As equacoes diferenciais nao homogéneas sao
resolvidas da mesma forma que as homogéneas.

A dificuldade reside em encontrar a transformada de
Laplace inversa L7H{Y(s)} = y(¢).

Pelo Teorema 3.2.1 havera solu¢ao unica para o PVI,

portanto, Unica transformada inversa para Y(s).
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TABELA6.2.1 Transformadas de Laplace Elementares

f(ty= L' {F(s)} F(s)= L{f(t)}

1
2. e™ , S>a
s—a
n!
3. t", num inteiro positivo 1 S 0
5
4. cos(at) T s > 0
5 g 0
. sen(at) 2 5>

16. (f*g)(t) =[5 f(t—7)g(r)dr  F(s)G(s)
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Transforimada de Laplace

Problema de
valor inicial

Eq. dif. linear

i"’! * Métodos
«{ > anteriores

Solucao do PVI

y(t)

* Equacdo caracteristica, coeficientes a determinar e variagdo dos pardmetros.
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Transformada de Laplace

1

Problema de Aplicar a
valor inicial transformada

L

Eq. dif. linear

i"’! * Métodos
«{ > anteriores

Solucao do PVI

y(t)

* Equacdo caracteristica, coeficientes a determinar e variagéo dos pardmetros.
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Transtformada de Laplace

1

Problema de Aplicar a Equacdo
e

valor inicial transformada algébrica em

Eq. dif. linear L Y(s)

r'! * Métodos
1

W~ anteriores

* Equacdo caracteristica, coeficientes a determinar e variagéo dos pardmetros.
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Transtformada de Laplace

Problema de Aplicar a Equacdo

valor inicial transformada algébrica em
Eq. dif. linear Y(s)

r'! * Métodos
1

W~ anteriores

Solucao do PVI Solugsio @]MY(S)
POIF (RCOES
y(®) RlEIZS
3

* Equacdo caracteristica, coeficientes a determinar e variagéo dos pardmetros.
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Transformada de Laplace

1

Problema de Aplicar a

valor inicial transformada

NP [
Eq. dif. linear =

Aplicar a

transforma

* Equacdo caracteristica, coeficientes a determinar e variagéo dos pardmetros.
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Exemplo 2: Resolver o PVI.

_AL

(y"" +y = sen2t

y(0)=2, y(@©=1
\
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Exemplo 2: Resolver o PVI.

v Aplica-se a transformada.
L{y"} + L{y} = L{sen2t}

_AL

(y"" +y = sen2t

y(0)=2, y(@©=1
\
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Exemplo 2: Resolver o PVI.

v Aplica-se a transformada.
L{yL}A + L{y} = L{sen2t}
[s*L{y} — sy(0) —y'(0)]}

_AL

(y"" +y = sen2t
y(0)=2, y'(0)=1

\
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Exemplo 2: ResolveroPVI. (y" +y =sen2t

_AL

v Aplica-se a transformada. y(0) =2,
L{YQ+ L{y} = L{sen2t}
([s2{y} — sy(0) — y' (O)]]+ Ly}

y'(0) =1
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Exemplo 2: ResolveroPVI. (y" +y =sen2t

v Aplica-se a transformada. y(0)=2, y(@0)=1

\
L{y\}A+ L{y} = L{sen2t}
[s°L{y} —sy(0) — y' ()| + L{y} =

_AL

s2 44
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Exemplo 2: Resolver o PVI.

v Aplica-se a transformada.
L{y"} + L{y} = L{sen2t}
~

[s°L{y} —sy(0) — y' ()| + L{y} =

[s2Y(s) —s.2—=1] + Y(s) =

_AL

(y"" +y = sen2t
y(0)=2, y'(0)=1

\

s2 44

+4
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Exemplo 2: ResolveroPVI. (y" +y =sen2t

v Aplica-se a transformada. y(0)=2, y(©0)=1

\
L{y\}A+ L{y} = L{sen2t}
[s°L{y} —sy(0) — y' ()| + L{y} =

_AL

s2 44

[s2Y(s) —s.2—1] +Y(s) =

s*+4

[s2 +1]Y(s) —2s—1=

s?+4
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Exemplo 2: ResolveroPVI. (y" +y =sen2t

v Aplica-se a transformada. y(0)=2, y(©0)=1

\
L{y\}A+ L{y} = L{sen2t}
[s°L{y} —sy(0) — y' ()| + L{y} =

_AL

s2+4
[s2Y(s) —s.2—1] +Y(s) = 25
[52+1]Y(s)—25—1=SZ_|_4
[s2 + 1]Y(s) = +2s+1)

s*+4
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Exemplo 2: ResolveroPVI. (y" +y =sen2t

v Aplica-se a transformada. y(0)=2, y(©0)=1

\
L{y\}A+ L{y} = L{sen2t}
[s°L{y} —sy(0) — y' ()| + L{y} =

_AL

s2+4
[s2Y(s) —s.2—1] +Y(s) = 25
[52+1]Y(s)—25—1=SZ_|_4
[s2 + 1]Y(s) = +2s+1)

s*+4
1 @2s+D(%+4)+2
(s2+1) (s +4) s

Y(s) =




Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

C2s+D(s*+4) +2
Ve == T nee 1 4
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B N Cs+D
(s?+1)  (s*°+4)

Y(s) =
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
O =G te  ErDE+H

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)

YO =vn T ern (s + (s +4)
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,
25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,
25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)

(A+C =2
B+D=1
4A+C =8
79 AUB+D =6

A




Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,

25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)
(A+C =2 32 eqg. —12

B+D=1 3A=6

4A+C =8
290 UB+D =6

A




Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,
25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)
(A+C =2 ) 39eq. —12

B+D=1 3A=6 = |A=2

4A+C =8
a1 UB+D =6

A




Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,
25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)
fA+C=2) 3% eq. —1° Na 12

B+D=1 3A=6 = |A=2 = C=0

4A+C =8
a2 UB+D =6

A




Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,
25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)

(A+C =2 32 eq. —1° Na 12
B+D=1 3A=6 = |A=2 = C=0
44+ C =38 42 eq. —22
s UB+D =6 3B=5

A




Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,
25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)

(A+C =2 3% eq. —1¢ Na 12
B+D=1 3A=6 = |A=2 = C=0
44+ C =38 42 eq. —22
s UAB+D =6 3B=5 = |B=5/3

A




Exemplo2: y"+y=sen2t y(0)=2, y(0)=1
v’ Como os termos no denominador s3o quadraticos
em s, a decomposicao em fracoes parciais fica:

v C@s+D(E*+H+2 250 +5°+85+6
&) =T Der+4) - P D+

As+B  Cs+D (As+B)(s*+4)+ (Cs+D)(s*+1)
&+D  (2+d &2+ D)2 1 4)

Y(s) =

v' Como os denominadores s3o iguais,
25 +5°+85+6=(A+C)s*+(B+D)s*+ (44 + C)s + (4B + D)

(A+C =2 39eq. —1° Na 12
<B+D=1 3A=6 = |A=2 = C=0
4A+C =8 42 eq. —28 Na 22

a5 UB+D =6 3B=5 = |B=5/3| = |D=-2/3




Exemplo2: y"+y=sen2t y(0) =2,

v Assim, a funcdo transformada fica:

2s+5/3 2/3
C(s2+1) (244

prof. Henrique A M Faria

y'(0)=1

86



Exemplo2: y"+y=sen2t y(0) =2,

v Assim, a funcdo transformada fica:

2s +5/3 2/3 _, S
o (s2+1D) (s2+4) T sz+1

y'(0)=1
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Exemplo 2: y" +y =sen2t

2s+5/3 2/3 _,
C(s2+1) C(s2+4)

y(0)=2, y(0)=1

v Assim, a funcdo transformada fica:

S

‘241

+5 1
3 s24+1




Exemplo 2:

y'" +y = sen2t

y(0)=2, y(0)=1

v Assim, a funcdo transformada fica:
25 +5/3 2/3

(s2+4) -

S 5 1 1 2

52+1 3 s24+41 3 s2+44
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1

v Assim, a funcdo transformada fica:
2s + 5/3 2/3 S 5 1 1 2

=2
C(s2+1) (s2+49) s?+1 352+1 3 s°+4

v" Aplicar a transformada inversa para determinar y(t).

L7HY(9)} =
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1

v Assim, a funcdo transformada fica:
2s + 5/3 2/3 S 5 1 1 2

=2
C(s2+1) (s2+49) s?+1 352+1 3 s°+4

v" Aplicar a transformada inversa para determinar y(t).

LYY (s)}y=2-L71 {szj— 1} +
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1

v Assim, a funcdo transformada fica:
2s + 5/3 2/3 S 5 1 1 2

=2
C(s2+1) (s2+49) s?+1 352+1 3 s°+4

v" Aplicar a transformada inversa para determinar y(t).

_ B _ S 5 1
LYY (s)}=2-L 1{52+1}+§'L 1{52“}
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Exemplo2: y"+y=sen2t y(0)=2, y(0)=1

v Assim, a funcdo transformada fica:
2s + 5/3 2/3 S 5 1 1 2

=2
C(s2+1) (s2+49) s?+1 352+1 3 s°+4

v" Aplicar a transformada inversa para determinar y(t).

s ) 5 1) 1 2
-1y 9. —1{ } TS| |
ey =2-L g tyt {52+1} 35 {52+4}

93



Exemplo2: y"+y=sen2t y(0)=2, y(0)=1

v Assim, a funcdo transformada fica:
2s + 5/3 2/3 S 5 1 1 2

=2
C(s2+1) (s2+49) s?+1 352+1 3 s°+4

v" Aplicar a transformada inversa para determinar y(t).

s ) 5 1) 1 2
-1y 9. —1{ } TS| |
ey =2-L g tyt {52+1} 35 {52+4}

v’ Consultar tabela de transformada para obter a
solucao do PVI.

5 1
y(t) = 2cost + §S€Tlt — §Sen2t

94



» Estudar secdo 6.2 do livro texto (Boyce).
» Resolver os exemplos da aula.

» Praticar: exercicios da secao 6.2 do Boyce.
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  0 ≤ t ≤ A


  0 ≤ t ≤ A


   |  f ( t ) | ≤ K  e  a t  


  t ≥ M ∈ ℝ


  K ,   M  


  0 ≤ t ≤ A


   |  f ( t ) | ≤ K  e  a t  


  t ≥ M ∈ ℝ


  K ,   M  


  ℒ  {  f ′  ( t ) } = s ℒ  {  f  ( t ) } − f ( 0 )


  0 ≤ t ≤ A


   |  f ( t ) | ≤ K  e  a t  


  t ≥ M ∈ ℝ


  K ,   M  


  ℒ  {  f ′  ( t ) } = s ℒ  {  f  ( t ) } − f ( 0 )


  ℒ  {  f ′ ′  ( t ) } =  s 2 ℒ  {  f  ( t ) } − s f  ( 0 ) − f ′ ( 0 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   C 1   e    C 2


  y  ( 0 ) = 1 =  C 1  e 0 +  C 2  e 0


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   C 1   e    C 2


  y  ( 0 ) = 1 =  C 1  e 0 +  C 2  e 0


  ⇒


   C 1 +  C 2 = 1


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   C 1   e    C 2


  y  ( 0 ) = 1 =  C 1  e 0 +  C 2  e 0


  ⇒


   C 1 +  C 2 = 1


  y ′  ( 0 ) = 0 =   − C 1  e 0 +   2 C 2  e 0


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   C 1   e    C 2


  y  ( 0 ) = 1 =  C 1  e 0 +  C 2  e 0


  ⇒


   C 1 +  C 2 = 1


  y ′  ( 0 ) = 0 =   − C 1  e 0 +   2 C 2  e 0


  ⇒


   C 1 = 2  C 2


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   C 1   e    C 2


  y  ( 0 ) = 1 =  C 1  e 0 +  C 2  e 0


  ⇒


   C 1 +  C 2 = 1


  ⇒


   C 2 = 1 / 3


  y ′  ( 0 ) = 0 =   − C 1  e 0 +   2 C 2  e 0


  ⇒


   C 1 = 2  C 2


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   C 1   e    C 2


  y  ( 0 ) = 1 =  C 1  e 0 +  C 2  e 0


  ⇒


   C 1 +  C 2 = 1


  y ′  ( 0 ) = 0 =   − C 1  e 0 +   2 C 2  e 0


  ⇒


   C 1 = 2  C 2


  ⇒


   C 1 = 2 / 3


  ⇒


   C 2 = 1 / 3


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   r 2 − r − 2 = 0


  ( r + 1 ) ( r − 2 ) = 0


  ⇒


   r 1 = − 1


   r 2 = 2


  ⇒


  y =  C 1  e  − t +  C 2  e  2 t


   C 1   e    C 2


  y  ( 0 ) = 1 =  C 1  e 0 +  C 2  e 0


  ⇒


   C 1 +  C 2 = 1


  ⇒


   C 2 = 1 / 3


  y ′  ( 0 ) = 0 =   − C 1  e 0 +   2 C 2  e 0


  ⇒


   C 1 = 2  C 2


  ⇒


   C 1 = 2 / 3


  y =  2 3  e  − t +  1 3  e  2 t


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ]


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] −  [  s ℒ  { y } − y  ( 0 ) ]


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] −  [  s ℒ  { y } − y  ( 0 ) ] − 2 ℒ { y } = 0


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] −  [  s ℒ  { y } − y  ( 0 ) ] − 2 ℒ { y } = 0


   [   s 2 Y  ( s ) − s . 1 − 0 ] −  [  s Y  ( s ) − 1 ] − 2 Y ( s ) = 0


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] −  [  s ℒ  { y } − y  ( 0 ) ] − 2 ℒ { y } = 0


   [   s 2 Y  ( s ) − s . 1 − 0 ] −  [  s Y  ( s ) − 1 ] − 2 Y ( s ) = 0


   [   s 2 − s − 2 ] Y  ( s ) + 1 − s = 0


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] −  [  s ℒ  { y } − y  ( 0 ) ] − 2 ℒ { y } = 0


   [   s 2 Y  ( s ) − s . 1 − 0 ] −  [  s Y  ( s ) − 1 ] − 2 Y ( s ) = 0


   [   s 2 − s − 2 ] Y  ( s ) + 1 − s = 0


   [   s 2 − s − 2 ] Y  ( s ) = s −


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] −  [  s ℒ  { y } − y  ( 0 ) ] − 2 ℒ { y } = 0


   [   s 2 Y  ( s ) − s . 1 − 0 ] −  [  s Y  ( s ) − 1 ] − 2 Y ( s ) = 0


   [   s 2 − s − 2 ] Y  ( s ) + 1 − s = 0


   [   s 2 − s − 2 ] Y  ( s ) = s −


  Y  ( s ) =   s − 1   s 2 − s − 2


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ⇒


  ℒ {  y  ′ ′ } − ℒ {  y ′ } − 2 ℒ { y } = 0


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] −  [  s ℒ  { y } − y  ( 0 ) ] − 2 ℒ { y } = 0


   [   s 2 Y  ( s ) − s . 1 − 0 ] −  [  s Y  ( s ) − 1 ] − 2 Y ( s ) = 0


   [   s 2 − s − 2 ] Y  ( s ) + 1 − s = 0


   [   s 2 − s − 2 ] Y  ( s ) = s −


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 )


  Y  ( s ) =   s − 1   s 2 − s − 2


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  =   s − 1  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  =   s − 1  ( s + 1 ) ( s − 2 ) =     A  (  s − 2 ) + B  (  s + 1 )  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  s − 1 = A  (  s − 2 ) + B  (  s + 1 )


  =   s − 1  ( s + 1 ) ( s − 2 ) =     A  (  s − 2 ) + B  (  s + 1 )  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ⇒


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  s − 1 = A  (  s − 2 ) + B  (  s + 1 )


  s − 1 =  (  A + B ) s − 2 A + B


  =   s − 1  ( s + 1 ) ( s − 2 ) =     A  (  s − 2 ) + B  (  s + 1 )  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ⇒


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  s − 1 = A  (  s − 2 ) + B  (  s + 1 )


  s − 1 =  (  A + B ) s − 2 A + B


   {      A + B = 1    − 2 A + B = − 1


  =   s − 1  ( s + 1 ) ( s − 2 ) =     A  (  s − 2 ) + B  (  s + 1 )  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ⇒


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  s − 1 = A  (  s − 2 ) + B  (  s + 1 )


  s − 1 =  (  A + B ) s − 2 A + B


   {      A + B = 1    − 2 A + B = − 1


  ⇒


   {      A = 1 − B    − 2  (  1 − B ) + B = − 1


  =   s − 1  ( s + 1 ) ( s − 2 ) =     A  (  s − 2 ) + B  (  s + 1 )  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ⇒


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  s − 1 = A  (  s − 2 ) + B  (  s + 1 )


  s − 1 =  (  A + B ) s − 2 A + B


   {      A + B = 1    − 2 A + B = − 1


  ⇒


   {      A = 1 − B    − 2  (  1 − B ) + B = − 1


  ⇒


  B = 1 / 3


  =   s − 1  ( s + 1 ) ( s − 2 ) =     A  (  s − 2 ) + B  (  s + 1 )  ( s + 1 ) ( s − 2 )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  ⇒


  Y  ( s ) =   s − 1  ( s + 1 ) ( s − 2 ) =  A  ( s + 1 ) +  B  ( s − 2 )


  s − 1 = A  (  s − 2 ) + B  (  s + 1 )


  s − 1 =  (  A + B ) s − 2 A + B


   {      A + B = 1    − 2 A + B = − 1


  ⇒


   {      A = 1 − B    − 2  (  1 − B ) + B = − 1


  ⇒


  A = 2 / 3


  B = 1 / 3


  =   s − 1  ( s + 1 ) ( s − 2 ) =     A  (  s − 2 ) + B  (  s + 1 )  ( s + 1 ) ( s − 2 )


  Y  ( s )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   2 / 3  ( s + 1 ) +   1 / 3  ( s − 2 )


  Y  ( s )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   2 / 3  ( s + 1 ) +   1 / 3  ( s − 2 )


  ℒ  {   e  a t } =  1  s − a             s > 0


  Y  ( s )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   2 / 3  ( s + 1 ) +   1 / 3  ( s − 2 )


  ℒ  {   e  a t } =  1  s − a             s > 0


   2 3  1  s + 1 =  2 3 ℒ  {   e  − t }


  Y  ( s )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   2 / 3  ( s + 1 ) +   1 / 3  ( s − 2 )


  ℒ  {   e  a t } =  1  s − a             s > 0


   2 3  1  s + 1 =  2 3 ℒ  {   e  − t }


   1 3  1  s − 2 =  1 3 ℒ  {   e  2 t }


  Y  ( s )


   y  ′ ′ −  y ′ − 2 y = 0


  y  ( 0 ) = 1


   y ′  ( 0 ) = 0  


  Y  ( s ) =   2 / 3  ( s + 1 ) +   1 / 3  ( s − 2 )


  ℒ  {   e  a t } =  1  s − a             s > 0


   2 3  1  s + 1 =  2 3 ℒ  {   e  − t }


   1 3  1  s − 2 =  1 3 ℒ  {   e  2 t }


   ℒ  − 1  {  Y  ( s ) } = y  ( t ) =  2 3  e  − t +  1 3  e  2 t


  t


  s


  t


  s


  Y ( s )


  y ( t )


  t


  s


  Y ( s )


  y ( t )


  Y ( s )


  t


  s


  Y ( s )


  y ( t )


  Y ( s )


  t


  s


  Y ( s )


  y ( t )


  Y ( s )


   ℒ  − 1  {  Y  ( s ) } = y  ( t )


  t


  s


  Y ( s )


  y ( t )


  Y ( s )


   ℒ  − 1  {  Y  ( s ) } = y  ( t )


  Y  ( s )


  ℒ


  Y ( s )


  Y ( s )


   ℒ  − 1


  y ( t )


  ℒ


  Y ( s )


  Y ( s )


   ℒ  − 1


  y ( t )


  ℒ


  Y ( s )


  Y ( s )


   ℒ  − 1


  y ( t )


  ℒ


  Y ( s )


  Y ( s )


   ℒ  − 1


  y ( t )


  ℒ


  Y ( s )


  Y ( s )


   ℒ  − 1


  y ( t )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ]


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] + ℒ { y }


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] + ℒ { y } =  2   s 2 + 4  


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] + ℒ { y } =  2   s 2 + 4  


   [   s 2 Y  ( s ) − s . 2 − 1 ] + Y ( s ) =  2   s 2 + 4  


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] + ℒ { y } =  2   s 2 + 4  


   [   s 2 Y  ( s ) − s . 2 − 1 ] + Y ( s ) =  2   s 2 + 4  


   [   s 2 + 1 ] Y  ( s ) − 2 s − 1 =  2   s 2 + 4  


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] + ℒ { y } =  2   s 2 + 4  


   [   s 2 Y  ( s ) − s . 2 − 1 ] + Y ( s ) =  2   s 2 + 4  


   [   s 2 + 1 ] Y  ( s ) − 2 s − 1 =  2   s 2 + 4  


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   [   s 2 + 1 ] Y  ( s ) =  2   s 2 + 4   + ( 2 s + 1 )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


   {        


   [   s 2 ℒ  { y } − s y  ( 0 ) −  y ′  ( 0 ) ] + ℒ { y } =  2   s 2 + 4  


   [   s 2 Y  ( s ) − s . 2 − 1 ] + Y ( s ) =  2   s 2 + 4  


   [   s 2 + 1 ] Y  ( s ) − 2 s − 1 =  2   s 2 + 4  


  ℒ  {   y  ′ ′ } + ℒ { y } = ℒ { s e n 2 t }


   [   s 2 + 1 ] Y  ( s ) =  2   s 2 + 4   + ( 2 s + 1 )


  Y  ( s ) =  1  (  s 2 + 1 )      (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 4 )


  s


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )  


  s


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  s


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 )


  s


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   {      A + C = 2    B + D = 1    4 A + C = 8    4 B + D = 6


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   {      A + C = 2    B + D = 1    4 A + C = 8    4 B + D = 6


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  3 A = 6


  −


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   {      A + C = 2    B + D = 1    4 A + C = 8    4 B + D = 6


  ⇒


  A = 2


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  3 A = 6


  −


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   {      A + C = 2    B + D = 1    4 A + C = 8    4 B + D = 6


  ⇒


  A = 2


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  ⇒


  C = 0


  3 A = 6


  −


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   {      A + C = 2    B + D = 1    4 A + C = 8    4 B + D = 6


  ⇒


  A = 2


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  ⇒


  C = 0


  3 A = 6


  −


  3 B = 5


  −


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   {      A + C = 2    B + D = 1    4 A + C = 8    4 B + D = 6


  ⇒


  A = 2


  B = 5 / 3


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  ⇒


  C = 0


  ⇒


  3 A = 6


  −


  3 B = 5


  −


  s


  2  s 3 +  s 2 + 8 s + 6 =  (  A + C )  s 3 +  (  B + D )  s 2 +  (  4 A + C ) s + ( 4 B + D )


   {      A + C = 2    B + D = 1    4 A + C = 8    4 B + D = 6


  ⇒


  A = 2


  B = 5 / 3


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =    (  2 s + 1 ) (  s 2 + 4 ) + 2  (  s 2 + 1 ) (  s 2 + 4 )   =     2  s 3 +  s 2 + 8 s + 6    (  s 2 + 1 ) (  s 2 + 4 )  


  Y  ( s ) =   A s + B  (  s 2 + 1 )   +     C s + D    (  s 2 + 4 ) =    (  A s + B )  (   s 2 + 4 ) + ( C s + D ) (  s 2 + 1 )  (  s 2 + 1 ) (  s 2 + 4 )


  ⇒


  C = 0


  D = − 2 / 3


  ⇒


  ⇒


  3 A = 6


  −


  3 B = 5


  −


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1 +  5 3 ∙  1   s 2 + 1


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1 +  5 3 ∙  1   s 2 + 1 −  1 3 ∙  2   s 2 + 4


  y ( t )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1 +  5 3 ∙  1   s 2 + 1 −  1 3 ∙  2   s 2 + 4


   ℒ  − 1 { Y  ( s ) } =


  y ( t )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1 +  5 3 ∙  1   s 2 + 1 −  1 3 ∙  2   s 2 + 4


   ℒ  − 1 { Y  ( s ) } = 2 ∙  ℒ  − 1  {   s   s 2 + 1 } +


  y ( t )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1 +  5 3 ∙  1   s 2 + 1 −  1 3 ∙  2   s 2 + 4


   ℒ  − 1 { Y  ( s ) } = 2 ∙  ℒ  − 1  {   s   s 2 + 1 } +  5 3 ∙  ℒ  − 1  {   1   s 2 + 1 }


  y ( t )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1 +  5 3 ∙  1   s 2 + 1 −  1 3 ∙  2   s 2 + 4


   ℒ  − 1 { Y  ( s ) } = 2 ∙  ℒ  − 1  {   s   s 2 + 1 } +  5 3 ∙  ℒ  − 1  {   1   s 2 + 1 } −  1 3 ∙  ℒ  − 1  {   2   s 2 + 4 }


  y ( t )


   y  ′ ′ + y = sen 2 t


  y  ( 0 ) = 2


   y ′  ( 0 ) = 1  


  Y  ( s ) =   2 s + 5 / 3  (  s 2 + 1 )   −   2 / 3     (   s 2 + 4 ) = 2 ∙  s   s 2 + 1 +  5 3 ∙  1   s 2 + 1 −  1 3 ∙  2   s 2 + 4


   ℒ  − 1 { Y  ( s ) } = 2 ∙  ℒ  − 1  {   s   s 2 + 1 } +  5 3 ∙  ℒ  − 1  {   1   s 2 + 1 } −  1 3 ∙  ℒ  − 1  {   2   s 2 + 4 }


  y  ( t ) = 2 c o s t +  5 3 s e n t −  1 3 s e n 2 t

