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Review: Energy and Power
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 Consider a signal g(t).

 Total (normalized) energy:

 Average (normalized) power: 
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Parseval’s Theorem

time-average operator

[Defn. 4.13]

[Defn. 4.15]

[2.43]

[Defn. 4.16a]



Review: Time average vs. Inner Product

3

       *,x t y t x t y t dt




 

     
/2

/2

1 1lim lim .
2

T
T

TT T
T

g t g t dt g t dt
T T  



  

Inner Product:

Time Average: 
two arguments

one argument



Power Calculation
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Linear combination of 
complex exponential 
functions
[4.23]

[4.18]



Power Calculation: Special Cases
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functions
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[4.28]

[4.23]



Summary (1)
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 (Total) Energy: 𝑬𝒈 ൌ ׬ 𝑔 𝑡 ଶஶ
ିஶ 𝑑𝑡 ൌ ׬ 𝐺 𝑓 ଶஶ

ିஶ 𝑑𝑓

 Average Power: 𝑷𝒈 ൌ 𝑔 𝑡 ଶ ൌ lim
்→ஶ

ଵ
ଶ் ׬ 𝑔 𝑡 ଶ்

ି் 𝑑𝑡

 For periodic signal: 

𝑃௚ ൌ ଵ

బ்
׬ 𝑔 𝑡 ଶ

బ்
𝑑𝑡 ൌ energy in one period

period
 Other special cases:

 Time Average: 𝒈 𝒕 ൌ lim
்→ஶ

ଵ
ଶ் ׬ 𝑔 𝑡்

ି் 𝑑𝑡

 For periodic signal: 
𝑔 𝑡 ൌ ଵ

బ்
׬ 𝑔 𝑡

బ்
𝑑𝑡

where the fk are distinct

where the fk are positive and distinct

Linear combination of 
complex exponential 
functions

Linear combination of 
sinusoids
[4.28]

[4.23]

“energy per unit time”



Summary (2)
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 (Total) Energy: 𝑬𝒈 ൌ ׬ 𝑔 𝑡 ଶஶ
ିஶ 𝑑𝑡 ൌ ׬ 𝐺 𝑓 ଶஶ

ିஶ 𝑑𝑓
 A signal 𝑔 𝑡 is an energy signal if 0 ൏ 𝐸௚ ൏ ∞.

 Any energy signal 𝑔 𝑡 has 𝑃௚ ൌ 0.

 Average Power: 𝑷𝒈 ൌ 𝑔 𝑡 ଶ ൌ lim
்→ஶ

ଵ
ଶ் ׬ 𝑔 𝑡 ଶ்

ି் 𝑑𝑡

 A signal 𝑔 𝑡 is a power signal if 0 ൏ 𝑃௚ ൏ ∞. 
 Any power signal 𝑔 𝑡 has 𝐸௚ ൌ ∞.

 For periodic signal: 

𝑃௚ ൌ ଵ

బ்
׬ 𝑔 𝑡 ଶ

బ்
𝑑𝑡 ൌ energy in one period

period
 Other special cases:

where the fk are distinct

where the fk are positive and distinct

Linear combination of 
complex exponential 
functions

Linear combination of 
sinusoids
[4.28]

[4.23]

“energy per unit time”



Summary (3)
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 (Total) Energy: 𝑬𝒈 ൌ ׬ 𝑔 𝑡 ଶஶ
ିஶ 𝑑𝑡 ൌ ׬ 𝐺 𝑓 ଶஶ

ିஶ 𝑑𝑓
 A signal 𝑔 𝑡 is an energy signal if 0 ൏ 𝐸௚ ൏ ∞.

 Any energy signal 𝑔 𝑡 has 𝑃௚ ൌ 0.

 Average Power: 𝑷𝒈 ൌ 𝑔 𝑡 ଶ ൌ lim
்→ஶ

ଵ
ଶ் ׬ 𝑔 𝑡 ଶ்

ି் 𝑑𝑡

 A signal 𝑔 𝑡 is a power signal if 0 ൏ 𝑃௚ ൏ ∞. 
 Any power signal 𝑔 𝑡 has 𝐸௚ ൌ ∞.

 For periodic signal: 

𝑃௚ ൌ ଵ

బ்
׬ 𝑔 𝑡 ଶ

బ்
𝑑𝑡 ൌ energy in one period

period
 Other special cases:

where the fk are distinct

where the fk are positive and distinct

Linear combination of 
complex exponential 
functions

Linear combination of 
sinusoids
[4.28]

[4.23]

“energy per unit time”

Time Average: 

𝒈 𝒕 ൌ lim
்→ஶ

1
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For periodic signal: 
𝑔 𝑡 ൌ ଵ

బ்
׬ 𝑔 𝑡

బ்
𝑑𝑡


