LAPLACE TRANSFORMS

The transformation

rifn}y = [0 @0 K. & = F(s)

— 0
is called “Integral Transform”. Here K (S, 1) is the Kernel function.

T{f(t)} = F(s)

For Fourier transform, the kernel function is

) [0 . t =<0
K(s.t) = <l mier _ | .
_ e (i=+-1) A =0

For Laplace transform, the kernel function is

0 . t <0
K(.s.r):{ st S0
L{f(t)) = J_: f(t) . K(s.t) dr

L{s()y} = [ rcer.oa « [T pey. e dr

L{fCr} = |7 feoy e a = F(s)

L{f(t)}=F(s)



LAPLACE TRANSFORM OF FUNDAMENTAL FUNCTIONS

f(t) L{f(t)} =F(s)
f=c L{C‘_}:% (CeR)
f(t)=e® Lie | - . i ;
f(t)=t" r{e) - Ifne_sf g = :.!_1 , (neN)
f(t) = sinkt L{Sin(kt)} = % (keR)

f (t) = coskt L {Cos(kt)} = s}-i—ﬁ} : (keR)
f (t) =sinhkt L{ Sinh(kt)}= ﬁ (keR)
f (t) = cosh kt L{ Cosh (ki) } = . _S = (keR)

PROPERTIES OF LAPLACE TRANSFORMS

1. Linearity
LG A1) +Co fy (D)) = LICL /(D) + L{C,. /,() )= C,. LA} + € L{A (D)

= G, . F(s) + C. F(s)
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f(t) = Sin(kt). Cos(kt)

Ex.
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L — |Sin(2kt = — L{ Sin(2kt) =
{ 2 [sin )]J 2 L Sin(2ke) ] 2 st +(2k)
2. Shift

L{ f(t) }=F(s) L {em. f(t) } = F (s —a)
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F(s)= L{f(t)} = L{t
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F(s) = L{ Cos(2¢t) } = —
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_ 2t e 7 -
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L{Sinh(3t)}=—" =~
s° — 37 s°— 9

3. Multiplication with t"

L{F(t) }=f(s)

n

Lit". f()} = (=D". -

[F(s)] = -D".

(s—2) -9
F(HJ(S)



s 2 d? 1 2
ds® s=2" (s-2)°

4. Laplace Transforms of Derivatives

L{f(t)}=F(s)

o /(D =Cos3t L {f(1)]

s
2, g F(0)=Cos0=1
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F o2
L{F(t)} = =s f(s)=F(0) FuiCos3ry=

AT L i A

s+ 9 s+ 9 52+ 9

f 2%
Liy(e 2t)" ?
B L1 (e” sin2t) }

L{F"(t) } =5 f(s) - sF(0) - F'(0)

1)

I )
Ly(e™ sin2¢t) = s

F'(t)=2e” Sin2t + 2e” Cos 2t F'(0)=0

L{(e* sin2e)" } = 52 2 _2:25-2—?s-l+8/—15 /
(s—2)" +4 s —4s5+8
8s5—16
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INVERSE LAPLACE TRANSFORMS

L7 {F(s)}

L{f(t)}=F(s).

L7P{F(s)}=f(1)

INVERSE LAPLACE TRANSFORM TABLE

P(s):L ise
5

F(s)=—5 ise
52

Fl[.ﬁ'):i1 ise
3

F(s):%(nef\ﬁ) ise
5

F(s):L ise
s—a
F(s)= ! ise
s—a)-”
1
F(s)=—— ise
s—a)?
1
F(s)=— ise
(.S'_ﬂ)n+1
F(s)= 1 - ise
s +k”
5
F(s)= — ise
s +k-
F(s)= L ise
Sz_kz
F(s)= : = ise

LT F(s) }=f(t)=

LY Fel=rn=

LY F(s) }=f()=1

LY F(s)l=f()=1

-

L{FG) = f(D=—
L{F) )= () =—

LY F) j=f)=e®

LY F(s) }=f()=te""

L_I{F(.s)}:f(f)zézze”

Sin(kt)
k

LT {F(s) }= f(t) = Cos (k1)

Simh(kr)
k

LY {F(s) }= f(1) = Cosh (k1)



= S [ sin(20)
Ex. st+4 st+2? 2

L_l{ ,’S } = L_l { 3 s 5 } = Cosh (3f)
Ex 4 L

PROPERTIES OF INVERSE LAPLACE TRANSFORMS

1. Linerarity

LM i)+, ()= L7 { fi(s) }+ e, L7 { fu(5) }

= F (1) + ¢, F (1)
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o 5
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2. Shift

L f(s) }=F(z) ise

L f(s—a) }=€"F(t)
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3. Inverse Laplace Transform of Derived functions



ise

LY Fs) =1
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