
L(f ′(t)) =
∫ ∞
0

e−stf ′(t)dt = lim
A→∞

∫ A

0

estf ′(t)dt

Integration by parts: Let u = e−st dv = f ′(t)dt

Then du = −sestdt v = f(t)∫ A

0
e−stf ′(t)dt = e−stf(t)|A0 −

∫ A

0
[−se−stf(t)]dt

= e−sAf(A)− f(0) + s
∫ A

0
e−stf(t)dt

Thus L(f ′(t)) = lim
A→∞

∫ A

0
estf ′(t)dt

= lim
A→∞

e−sAf(A)− f(0) + s
∫ A

0
e−stf(t)dt

= 0− f(0) + s
∫∞
0

e−stf(t)dt

= 0− f(0) + sL(f(t))

= sL(f(t))− f(0)

Thus L(f ′(t)) = sL(f(t))− f(0)

and L(f ′′(t)) = sL(f ′(t))− f ′(0) = s[sL(f(t))− f(0)]− f ′(0)

= s2L(f(t))− sf(0)− f ′(0)

and L(f ′′′(t)) = sL(f ′′(t))− f ′′(0)

= s[s2L(f(t))− sf(0)− f ′(0)]− f ′′(0)

= s3L(f(t))− s2f(0)− sf ′(0)− f ′′(0)

etc. And thus

L(f (n)(t)) = snL(f(t))− sn−1f(0)− sn−2f ′(0)− ...− f (n−1)(0)
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