Notes on the Laplace transfoms

Dr. H. Fatoorehchi

School of Chemical Engineering, University of Tehran

hfatoorehchi@ut.ac.ir

December 28, 2022

1 Definition and Basic Theorems

L{f(t)} = F(s) = [;" f(t)e~*dt,
L7HF(s)} = f(t).

Linearity of the Laplace transform and its inverse transform:

where a and g € C.

A number of theorems:

R% {d”’f(t)} _

dtn

ZAaf(t)+ Bg(t)} = aF(s) + BG(s),
L~ HaF(s) + BG(s)} = af (t) + By(1),

Z{1y=1 s>o.

ZL{t"} =25, s>0; n=0,1,2,...

s> Ww.

L {sin(wt)} =

W
52 +w2 ’

£ A{cos(wt)} = s> 0.

5 _
52 +UJ2 9

.,2”{6‘“5}:L s> a.

s—a’

L{nf)) = (—)n LEE = 0,1,2, ...

ds™

S F(s) — "L £(0) — 52 4 (0) — sn3 TL(0) — .. — L2 (0).

dt
ZLA{f(at)} = %F(%), a > 0.

ZL{ef(t)} =F(s+a), a>0.

(10)

(11)
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2 { Jy f@ydtp = LF(s).

{/“ /f B dt...dt o =s"F(s), n=0,1,2,...

n tlmes
n times

fT =/, % F(s)ds, provided that lim g) exists.

t—0

LA{u(t —to)f(t —to)} = e 50 F(s),

where u(t) is the unit step function.

2 More Advanced Theorems

{fo gt —1) dT} {fo t—T)dT} = F(s)G(s).

LAy = L5,

LLE+T) = f(1)} = e Ton

1—e

g{erf(\/f)}:% 1 s> 0.

dt™

f{w} — 5", n=0,1,2,..

where 6 denotes Dirac’s delta function.

3 Final Value Theorem (FVT)
Jm f(t) = lim sF(s),

provided that all poles of sF'(s) are located in the left half plane (LHP).
4 Initial Value Theorem (IVT)

lim f(t) = lim sF(s).

t—0+ s—+o0

To be continued ...
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mathematician. Karl Theodor Wilhelm Weierstrass (1815-1897)

It is true that a mathematician who is not somewhat of a poet, will never be a perfect
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