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Energy and power signals

Continuous signals:

E =
∫ ∞

∞
v(t)i(t) dt

=
∫ ∞

∞
v2(t) dt

P = lim
t→∞

1
2T

∫ T

−T

v2(t) dt

Discrete signals:

E =
∞∑

n=−∞
|x[n]|2

P = lim
N→∞

1
2N + 1

N∑
n=−N

|x[n]|2

If periodic with period N :

P = 1
N

N−1∑
n=0

|x[n]|2



Parseval’s theorem for discrete energy signals
Signal x1[n] has spectrum X1(ω) and x2[n] has spectrum X2(ω):

Ex =
∞∑

n=−∞
|x[n]|2 = 1

2π

∫ π

−π

|X(ω)|2 dω

Power density spectrum: Sxx(ω) = |X(ω)|2



Parseval’s theorem for discrete power signals
Periodic x[n] with period N :

Px = 1
N

N−1∑
n=0

|x[n]|2 = 1
N

N−1∑
n=0

x[n]x∗[n]

= 1
N

N−1∑
n=0

x[n]
[

1
N

N−1∑
k=0

X∗[N − k]e−jωk/N

]

= 1
N

N−1∑
n=0

X∗[n]
[

1
N

N−1∑
k=0

x[k]e−jωk/N

]
= 1

N2

N−1∑
n=0

X∗[n]X[n]

Px = 1
N

N−1∑
n=0

|x[n]|2 = 1
N2

N−1∑
k=0

|X[k]|2

Power density spectrum: Sxx[k] = 1
N

|X[k]|2



Energy signal example

x[n] =
{

3 − |n| if |n| < 4
0 otherwise

What are E and P?



Power signal example

x[n] = 2 sin
(πn

4

)
(a) What is E?

(b) Calculate P in two ways.


