
Parseval’s	Theorem:	

4.4	Energy	and	Power	in	Frequency	Domain	

For	a	periodic	power	signal	x(t)	

1
T0

x(t) 2 dt = ck
2

k=−∞

∞

∑t0

t0+T0∫

For	a	non-periodic	power	signal	

Where	Ck	is	the	Exponen.al	Fourier	Series	(EFS)	Coefficients	

x(t) 2 dt =
−∞

∞
∫ X( f ) 2 df

−∞

∞
∫



Power	Spectral	Density:	

4.4	Energy	and	Power	in	Frequency	Domain	

For	a	periodic	power	signal	x(t)	

1
T0

x(t) 2 dt = ck
2

k=−∞

∞

∑t0

t0+T0∫

Normalized	average	power			 Power	at	the	frequency	component	
at	f	=	kf0		

Power	Spectral	Density:	

Sx ( f ) = ck
2δ( f − kf0 )

k=−∞

∞

∑ Sx (w) = 2π ck
2δ( f − kw0 )

k=−∞

∞

∑



Energy	Spectral	Density:	

4.4	Energy	and	Power	in	Frequency	Domain	

For	a	non-periodic	power	signal	

x(t) 2 dt =
−∞

∞
∫ X( f ) 2 df

−∞

∞
∫

Normalized	signal	energy			 Energy	density			



Power	Spectral	Density:	

4.4	Energy	and	Power	in	Frequency	Domain	

For	a	periodic	power	signal	x(t)	

Sx ( f ) = ck
2δ( f − kf0 )

k=−∞

∞

∑ Sx (w) = 2π ck
2δ( f − kw0 )

k=−∞

∞

∑

For	a	non-periodic	power	signal	

Sx ( f ) = lim
1
T
XT ( f )

2⎡

⎣⎢
⎤

⎦⎥T− >∞

Where	XT(f)	is	the	Fourier	transform	of	the	truncated	signal	x(t)	

xT (t) =
x(t), −T / 2 < x < T / 2

0, otherwise

⎧

⎨
⎪

⎩⎪



AutocorrelaEon	FuncEon:	

4.4	Energy	and	Power	in	Frequency	Domain	

For	a	periodic	power	signal	x(t)	with	period	of	T0	

For	a	non-periodic	power	signal	

T0− >∞

For	a	energy	signal	x(t)	the	autocorrelaEon	funcEon	is	

Rxx (τ ) =< x(t)x(t +τ )>= x(t)x(t +τ )dt
−∞

∞
∫

Rxx (τ ) =< x(t)x(t +τ )>=
1
T0

x(t)x(t +τ )dt
−T0 /2
T0 /2∫

Rxx (τ ) =< x(t)x(t +τ )>= lim
1
T0

x(t)x(t +τ )dt
−T0 /2
T0 /2∫

⎡

⎣
⎢

⎤

⎦
⎥



Fourier	Pair	

4.4	Energy	and	Power	in	Frequency	Domain	

Power	spectral	density	<--------->	AutocorrelaEon	funcEon	

Energy	spectral	density	<--------->	AutocorrelaEon	funcEon	

T0	
Periodic	signal	

Lim	T->∞	

Non-periodic	signal	



ProperEes	of	AutocorrelaEon	FuncEon:	

4.4	Energy	and	Power	in	Frequency	Domain	

Even	symmetry	

Periodic	

Lag	zero	has	the	maximum	value	

Rxx (0) ≥ Rxx (τ )

Rxx (−τ ) = Rxx (τ )

x(t) = x(t + kT ) Rxx (τ ) = Rxx (τ + kT )

For	all	integers	K	



System	funcEon	(frequency	response)	

4.5	System	FuncEon	Concept	

Impulse	response	(h(t))	 System	func.on	(H(w))	
Fourier	Transform	

H (w) =ℑ h(t){ }= h(t)e− jwt dt
−∞

∞
∫

In	general	,	H(w)	is	a	complex	func.on	of	w,	and	can	be	wriIen	in	
polar	form	as:	

H (w) = H (w) e jΘ(w)



System	funcEon	(frequency	response)	

4.5	System	FuncEon	Concept	
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Power	Transfer	FuncEon	

We	also	can	obtain	the	rela.onship	between	the	power	spectral	density		
(PSD)	at	the	input,	and	the	output	for	a	linear	.me-invariant	network	as:	

Py ( f ) = lim
1
T
YT ( f )

2

T→∞

Y ( f ) = X( f )H ( f )using	

we	get	 Py ( f ) = H ( f ) 2 lim 1
T
XT ( f )

2

T→∞

or	 Py ( f ) = H ( f ) 2 Px ( f )

Power	transfer	funcEon	 Gh ( f ) =
Py ( f )
Px ( f )

= H ( f ) 2

4.5	System	FuncEon	Concept	



4.5	System	FuncEon	Concept	
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