Laplace Transform

Properties of the Laplace transform
0. Definition: L[ f (t)]=F(s) :Iooie’s‘ f(t)dt for Re(s)>0.

1. Linearity: L[af (t)+bg(t)]=aL[f (t)]+bL[g(t)]=aF(s)+bG(s).
2. Inverse transform: F(s) essentially determines f (t).
3. s-shift rule: L[e" f(t)]=F(s—r).

4. t-shiftrule: £[f(t—a)]=e *F(s) ifa>0 and f(t)=0 for t<O.

This may also be expressed as L[ f, (t)]=e *F(s) where f, (t)=u(t—a)f(t—a)= { f(t-a) irt> a} :

0 ift<a

5. s-derivative rule: L[tf (t)]=-F'(s).

6. t-derivative rule: £[f'(t)]=sF(s)- f (0-)
L["(t)] =s*F(s) —sf (0-)— f'(0-)
LITM ()] =s"F(s)—s"*f(0-)-s"?f'(0-)—---— f " (0-)

7. Convolution rules: £[f (t)*g(t)] = F(s)G(s), (f *g)(t) =j; f(t—7)g(c)dr = j; f(r)g(t—7)dr.

8. Weight function: L[w(t)]=W (s), w(t) the unit impulse response.
If q(t) is regarded as the input signal in p(D)x = q(t), W (s) =ﬁ.

Formulas for the Laplace transform
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where u(t) is the unit step function u(t) =1 for t >0, u(t)=0 for t <O0.



