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Some useful formulae

Some useful formulae for linear systems

If h(t, σ) is the impulse response of a linear system, then for any input x(t); −∞ < t < ∞

y(t) =

∫

∞

−∞

h(t, σ)x(σ)dσ

If the system is causal then h(t, σ) = h(t, σ)U(t − σ).

If the system is time-invariant then h(t, σ) = h(t − σ).

The I/O relationship for linear, time-invariant and causal systems subject to causal inputs
x(t) with x(t) = 0, t < 0 is given by:

y(t) =

∫ t

0

h(t − σ)x(σ)dσ =

∫ t

0

h(σ)x(t − σ)dσ; t ≥ 0

Leibniz’s Rule for Differentiation of an Integral

Assume that f(t, τ) is differentiable w.r.t the first variable and a(t) and b(t) are differentiable
functions. Then:

d

dt

(
∫ b(t)

a(t)

f(t, τ)dτ

)

= f(t, b(t))
db(t)

dt
− f(t, a(t))

da(t)

dt
+

∫ b(t)

a(t)

∂f(t, τ)

∂t
dτ

Some useful Laplace transforms

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

∫

∞

0

f(t)e−stdt
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Function Laplace Transform

δ(t) 1
U(t) 1

s

e
+

−

atU(t) 1
s
−

+
a

sin(at)U(t) a
a2+s2

cos(at)U(t) s
s2+a2

df(t)
dt

sF (s) − f(0+)
∫ t

0
f(u)du

F (s)
s

∫ t

0
f(t − u)g(u)du F (s)G(s)

tnf(t) (−1)n dnF (s)
dsn


