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Laplace Transform Theorem (Properties)

Theorem 1: Linearity
The Laplace transform is a linear transform, by which is meant that:
(1) The transform of a sum (or difference) of expressions is the sum (or
difference) of the individual transforms. That is

L{f(t) £g()} = L{f (1)} = L{g(t)}
(2) The transform of an expression that is multiplied by a constant is the
constant multiplied by the transform of the expression. That is

L{kf ()} = kL{f (D)}
Note: Two transforms must mot be multiplied together to form the
transform of a product of expressions — we shall see later that the
product of two transforms is the transform of the convolution of two
expressions.
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Theorem 2 The first shift theorem
The first shift theorem states that if L{f(t)} = F(s) then

L{e"*f(t)} =F(s+a)
Because L{e™™f(f)} = ro e (e tdt = | f(t)e ¥ dt =F(s +a)
t=0 t=0

Thatis  p{ef(t)} = F(s +a)

The transform L{e~“f (t)} is thus the same as L{f (t)} with s everywhere
in the result replaced by (s +a).

For example L{sin 2t} = 714
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then L{e*sin2t}= (s+3)2+4=52+55+13

Similatly, 1{f*} = % . L{t*¢"} is the same with 5 replaced by (s - 4),
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Exercise
Determine the following,
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Theorem 3 Multiplying by t and ¢”
If L{f(t)} = F(s) then  L{tf(t)} = —F(5)

Because L{tf(f)} = j; 1 (£)e=t dt = J:D F(t) (— df]:t) dt
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Theorem 4 Division bv t
If F(s)=L{f(?)} then

M=
L{Q}= ;[F(u)du
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Notice that arctan (E) + arctan (E) = E, as can be /Els
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Determine L{ﬂ}
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