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Theorem 4.12 (Eigenfunctions of LTI systems). For an arbitrary LTI system H with impulse response h and a

function of the form x(t) = est , where s is an arbitrary complex constant (i.e., x is an arbitrary complex exponential),

the following holds:

Hx(t) = H(s)est
,

where

H(s) =
∫

∞

−∞

h(τ)e−sτ dτ. (4.49)

That is, x is an eigenfunction of H with the corresponding eigenvalue H(s).

Proof. We have

Hx(t) = x∗h(t)

= h∗ x(t)

=
∫

∞

−∞

h(τ)x(t − τ)dτ

=
∫

∞

−∞

h(τ)es(t−τ)dτ

= est

∫
∞

−∞

h(τ)e−sτ dτ

= H(s)est
. �
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