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Convolution
Convolution is a mathematical operation. It is associative, commutative, and distributive.
In discrete time, convolution takes the form of a summation.

Convolution Sum: (x ∗ h)[n] =
∞∑

k=−∞
x[k]h[n− k] = (h ∗ x)[n] =

∞∑
k=−∞

h[k]x[n− k]

Compute the result using superposition. Use a table or sketch a plot to keep track of the values.

n = 0 1 2 3 4 5 6 7 8 9

x[n] = 1 1 1 1 0 0 0 0 0 0

h[n] = 1 2 3 0 0 0 0 0 0 0

n = 0 1 2 3 4 5 6 7 8 9

h[0]x[n− 0] = 1 1 1 1 0 0 0 0 0 0

h[1]x[n− 1] = 0 2 2 2 2 0 0 0 0 0

h[2]x[n− 2] = 0 0 3 3 3 3 0 0 0 0

(x ∗ h)[n] = 1 3 6 6 5 3 0 0 0 0

In continuous time, convolution takes the form of an integral.

Convolution Integral: (x ∗ h)(t) =
ˆ ∞

−∞
x(τ)h(t− τ)dτ = (h ∗ x)(t) =

ˆ ∞

−∞
h(τ)x(t− τ)dτ

It’s probably simplest to evaluate the integral piecewise over several intervals.

Unit-Sample Response

unit-sample signal δ[n] → DT LTI System → unit-sample response h[n] =
∞∑

k=−∞
h[k]δ[n− k]

e.g., y[n] = 1
2x[n] +

1
2x[n− 1] with initial rest conditions ⇐⇒ h[n] = 1

2δ[n] +
1
2δ[n− 1]

e.g., y[n] = 1
2y[n− 1] + x[n] with initial rest conditions ⇐⇒ h[n] =

(1
2
)n
u[n]

Impulse Response

unit-impulse signal δ(t) → CT LTI System → impulse response h(t) =
ˆ ∞

−∞
h(τ)δ(t− τ)dτ












