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7: Fourier Transforms:

Lo Tansoms: Question: What is the Fourier transform of w(t) = u(t)v(t) ?

Theorem

® Multiplication of Signals Let ’U/(t) = h—— o0 U(h)eZZﬂ-htdh and ’U(t) p— fg——oo V(g)eZZﬂ-gtdg
@ Multiplication Example - o

® Convolution Theorem [Note use of different dummy variables]
® Convolution Example

® Convolution Properties w t = U t v t

® Parseval's Theorem ( ) <_|_) ( ) +

® Energy Conservation - o0 12mht oo i27rgt

® Energy Spectrum o h=—o0 U(h)e dh f =—00 V<g)€ dg

® Summary
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Lo Tansoms: Question: What is the Fourier transform of w(t) = u(t)v(t) ?

:hecl:reimicaiono ignals p— —I—OO i2mht p— +OO i2ﬂ-gt
BESRORRI Lot U(Rfeett dhiand B (6) =S o= VA(g)es oy
e Convolution Theorem [Note use of different dummy variables]
® Convolution Example

@ Convolution Properties w(t) — u(t)v(t)

® Parseval's Theorem

® Ener onservation + ) + )

° Energgpectrumt — h:oioo U(h)6127rhtdh f :Ojoo V<g)€Z27rgtdg

® Summary _ ];F:Oioo U(h) f;_zofoo V<g)€i27r(h—|—g)tdg dh [merge 6()]
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Question: What is the Fourier transform of w(t) = u(t)v(t) ?
Letu(t) = [, " U(h)e®™dh and o(t) = [ V(g)e*™otdg
[Note use of different dummy variables]
w(t) = u(t)v(t)
+ 127 + 127
= h:oioo U(h)e*? htdhf :Ojoo V(g)e?™9tdg
+00 100 127
= [ U [ V(g)e 9 dg dh
Now we make a change of variable in the second integral: g = f — h

O U [ V(f = kel ftdf dh

— Jh=—c0 f=—o0
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[Note use of different dummy variables]
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—+ 00
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, , Convolution in the time domain is equivalent to multiplication in the
® Convolution Properties ) ]
® Parseval’s Theorem frequency domain and vice versa.

® Energy Conservation
® Energy Spectrum

Proof of second line:
Given u(t), v(t) and w(t) satisfying

w(t) =u(t)o(t) < W(f)=Uf)*V(f)

define dual waveforms x(t), y(t) and

® Summary

t) as follows:

2(
z(t)=U(t) & X(f)=u(—f) [duality]
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Proof of second line:
Given u(t), v(t) and w(t) satisfying
(

w(t) = u(t)v(t) < W(f)=Uf)*V(f)

define dual waveforms x(t), y(t) and z(¢) as follows:

(
z(t) = U(?) X(f) = u(=f) [duality]
y(t) = V(1) Y(f) =o(=f)
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Given u(t), v(t) and w(t) satisfying
w(t) =u(t)o(t) < W(f)=U(f)*V(f)

define dual waveforms x(t), y(t) and z(¢) as follows:
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Convolution Theorem:
w(t) = u(t)ut) < W(f)
w(t) =u(t)xv(t) < W(f)

=U(f) *V(f)
=U(HV(S)

Convolution in the time domain is equivalent to multiplication in the

frequency domain and vice versa.

Proof of second line:
Given u(t), v(t) and w(t) satisfying
w(t) =u(t)o(t) < W(f)=
define dual waveforms x(t), y(¢ (
z(t) =U(t) & X(f)=u(=
y(t) =V(t) < Y(f)=ov(-

2(t) =W(t) < Z(f) =w(=

Now the convolution property becomes:

w(=f) =u(=flu(=f) & W(t)=

U(f) *V(f)

and z(t) as follows:

/)
)
f)

U(t) « V(t)

[duality]
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Proof of second line:
Given u(t), v(t) and w(t) satisfying
(

w(t) =u(t)o(t) < W(f)=Uf)*V(f)

® Summary

define dual waveforms x(t), y(t) and z(¢) as follows:
z(t) =U(t) & X(f)=u(=f) [duality]
y(t) =V(t) < Y(f)=v(-f)
2(t) =W(t) & Z(f) =w(=f)

Now the convolution property becomes:
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Convloution: w(t) = u(t) * v(t) 2
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(u(t) xv(t)) * w
w(t) * (u(t) + v(t))

4) Identity Element or “1”: u(t) * §(t) = 0(t) * u( ) =
5) Bilinear: (au(t)) x (bv(t)) = ab (u(t) x v(t))
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® Energy Conservation

® Energy Spectrum

® Summary

Convloution: w(t) = u(t) xv(t) = [O°_u(r)v(t — 7)dT

Convolution behaves algebraically like multiplication:
1) Commutative: u(t) * v(t) = v(t) * u(t)
2) Associative:
u(t) xv(t) xw(t) =

3) Distributive over addition:

(u(t) xv(t)) * w
w(t) * (u(t) + v(t))

4) Identity Element or “1”: u(t) * §(t) = 0(t) * u( ) =
5) Bilinear: (au(t)) x (bv(t)) = ab (u(t) x v(t))

Proof: In the frequency domain, convolution is multiplication.

/N
(o
N—

= u(t) * (v(t) * w(t))

/‘\
v

xu(t) + w(t) *v(t)
u(?)

Also, if u(t) x v(t) = w(t), then
6) Time Shifting: u(t + a) * v(t +b) = w(t +a +b)
7) Time Scaling: u(at) x v(at) = %w(at)
How to recognise a convolution integral:
the arguments of (- - - ) and v(- - - ) sum to a constant.
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=4(f—9)
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=0(f—g) = a(t)=[o(f—g)e?/tdf
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=0(f—g) = z(t)= [6(f — g)e"*™/tdf = e2m9"

: E1.10 Fourier Series and Transforms (2014-5559)

Fourier Transform - Parseval and Convolution: 7 -7/ 10 '



-1

7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=0(f—9) = )= [6(f— g)e*™Tdf = e2m9!
= X(f) — f6i27rgt€—i27rftdt
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=0(f—9) = )= [6(f— g)e*™Tdf = e2m9!
= X(f) = [eProte=2ftqt = [ 279Dt gy
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(N)=6(f—g) = z@t)=[6(f—g)e?™idf = e
= X(f) — f6i27rgt€—i27rftdt :f eiZw(g—f)tdt: 5(9 o f)
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(N)=6(f—g) = z@t)=[6(f—g)e?™idf = e
= X(f) — fez'27rgt€—i27rftdt :f eiQW(g—f)tdt: 5(9 o f)

(©.¢]
Parseval's Theorem: |,

Lt Wo(t)dt = [ U(HV(S)df
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(N)=6(f—g) = z@t)=[6(f—g)e?™idf = e
= X(f) — fez'27rgt€—i27rftdt :f eiQW(g—f)tdt: 5(9 o f)

Parseval's Theorem: [~ w*(t)v(t)dt =

Proof:

Letu(t) = [

—+ o0

=—00

U(f)e>rsdf

L S UHHV(df

and w(t) = [77  V(g)e2m9tdg
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Parseval’'s Theorem

7: Fourier Transforms: Lemma

Convolution and Parseval’s
Theorem

oMuItpr?cat?onofSignals X(f) — 5(f — g) j Q’](t) p— f 5(f — g)6i2ﬂ-ftdf — €i27Tgt

® Convolution Theorem = X(f) — f eiQWgte_iQWftdt :f eiQﬂ-(g_f)tdt = 5(9 - f)

@ Convolution Example

® Convolution Properties

@ Parseval's Theorem Parseval’s Theorem: j‘tO:O o ’I,L* (t)’()(t)dt = oo 0 U* (f)V(f)df

@ Energy Conservation - f: -
® Energy Spectrum

® Summary PI‘OOfZ
Letu(t) = [0 _U(f)e™/tdf and o(t) = [ _V(g)e*™tdg

g=—00

Now multiply ©*(t) = w(t) and v(t) together and integrate over time:
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=4(f—9)
= X(f)

= 2(t) = [ O(f — g)eimtdf = citeo
_ f€i27rgt€—i27rftdt :f eiQW(g—f)tdt: 5(9 . f)

Parseval's Theorem: [~ w*(t)v(t)dt = ;:Oioo U*()V(f)df

Proof:

Letu(t) = [0 _U(f)e™/tdf and o(t) = [ _V(g)e*™tdg

Now multiply w* (%)
ftozo_oo u* (t)v(t)dt

g=—00

u(t) and v(t) together and integrate over time:
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=0(f—g) = z(t)= [6(f — g)e"*™/tdf = e2m9"

— X(f) _ fez'27rgt€—i27rftdt :f eiQW(g—f)tdt: 5(9 - f)

Parseval's Theorem: [~ w*(t)v(t)dt = ;:Oioo U*()V(f)df

Proof
Let u(t f - U(NHe? ™ tdf  and  w(t) = f;;ojoo V(g)e?™9tdg
[Note use of different dummy variables]
Now multiply u*(t) = u(t) and v(t) together and integrate over time:
[=_ __u (t)dt
— ft——oo f——ooU (f —z27rftdff__oo zngtdgdt
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(N)=6(f—g) = z@t)=[6(f—g)e?™idf = e
= X(f) — fez'27rgt€—i27rftdt :f eiQW(g—f)tdt: 5(9 o f)

Parseval's Theorem: [~ w*(t)v(t)dt = ;:Oioo U*()V(f)df

Proof:

Letu(t) = [0 _U(f)e™/tdf and o(t) = [ _V(g)e*™tdg

Now multiply w* (%)

[=__u*(t)u(t)dt
+00 U*(f)e_i%ftdf f—|—oo V(g)ei%gtdgdt

= e

_iee
= Ji— o

f=—o

U*(f) [,

g=—00

[Note use of different dummy variables]

u(t) and v(t) together and integrate over time:

—=—00

Vig) [Z__ e a=Didtdgdf
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Parseval’'s Theorem

7: Fourier Transforms: Lemma

Convolution and Parseval’s
Theorem

oMuItpr?cat?onofSignals X(f) — 5(f — g) j Q’](t) p— f 5(f — g)6i2ﬂ-ftdf — €i27Tgt

® Convolution Theorem = X(f) — f eiQWgte_iQﬂ-ftdt :f eiQﬂ-(g_f)tdt = 5(9 - f)

@ Convolution Example

® Convolution Properties % +OO

- , . * — *
:E::;yalc:::fr:t:n Parseval’'s Theorem: ft:_oo u*(t)v(t)dt = fe—oo U*(f)V(f)df
® Energy Spectrum

@ Summary PI‘OOfZ
Letu(t) = [[°° _U(f)e™tdf and v(t) = [[7°  V(g)e?m9tdg
[Note use of different dummy variables]
Now multiply ©*(t) = w(t) and v(t) together and integrate over time:

[=__u*(t)u(t)dt
:ftozo—oo +00 U*(f)e—i27rftdff‘|‘oo V(g)ei%gtdgdt

f=—0o0 —
= [ U [ Vi) [ o= Dtdtdgdf
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Parseval’'s Theorem

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Lemma:

X(f)=0(f—g) = z(t)= [6(f — g)e"*™/tdf = e2m9"

= X(f) = [e?m9%

—i27rftdt :f eiQW(g—f)tdt: 5(9 o f)

Parseval's Theorem: [~ w*(t)v(t)dt = ;:Oioo U*()V(f)df

Proof:

Letu(t) = [0 _U(f)e™/tdf and o(t) = [ _V(g)e*™tdg

Now multiply w* (%)

[=__u*(t)u(t)dt
+00 U*(f)e_i%ftdf f—|—oo V(g)ei%gtdgdt

= e

400
f— f:—OO
400
f— f:—OO
__ [T

= Ji— o

g=—00

[Note use of different dummy variables]

u(t) and v(t) together and integrate over time:

f=—00 =—00

U*(f) [;=2  V(g) [ ™9 Dtatdgdf
U*(f) [, V(9)d(g — f)dgdf llemmal
U*(f)V(f)df
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Parseval's Theorem: [~ w*(t)v(t)dt = +OOOO U*()V(f)df
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Energy Conservation

7: Fourier Transforms:

Convolution and Parseval's Parseva|'S TheOI‘emZ j‘tO:O_ 0O ’U/* (t)’U (t) dt — ;-:Oi 5 U* (f) V(f) df

Theorem

® Multiplication of Signals

For the special case v(t) = u(t), Parseval's theorem becomes:

® Convolution Theorem f (©. @)

o uru)dt = [[°  US(HU(f)df

® Multiplication Example

@ Convolution Example
® Convolution Properties
® Parseval's Theorem

® Energy Conservation
® Energy Spectrum

® Summary
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Energy Conservation

7: Fourier Transforms: , ] +
Comoluionand Parseva Parseval’s Theorem: ftozo_oo u*(t)v(t)dt = fzoioo U(/HV(f)df

® Multiplication of Signals

Pl For the special case v(t) = u(t), Parseval's theorem becomes:
® Multiplication Example

® Convolution Theorem +

° zonvo:u:ion;t](ample ftozo_oo u* (t)u(t)dt — f:oi U* (f)U(f)df

) Convolut’ion Properties + fo'e 2
e = fZ - O dt = [ U df

® Energy Spectrum
® Summary
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Parseval's Theorem: [~ w*(t)v(t)dt = ;:Oioo U*()V(f)df

For the special case v(t) = u(t), Parseval's theorem becomes:
ffj_oo u*(t)u(t)dt = [ U(HU(f)df
= [Z o lu@®)dt = [ _JUHIdf

Energy Conservation: The energy in u(t) equals the energy in U (f).
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

(©.¢]
Parseval's Theorem: |,

For the special case v(t)

ffi_

Lu bty = [

o UV () df

= u(t), Parseval’s theorem becomes:
- u*(t)u(t)dt = Ji__

=z

LU NUS)df
()] dt =

> OO df

Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:

e % t>0
u(t) =
0 t <0

=}

E1.10 Fourier Series and Transforms (2014-5559)
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

(©.¢]
Parseval's Theorem: |,

For the special case v(t)

ffi_

f=

ft__ | dt =

_ur(t(t)dt = [ U(f)V(f)df

= u(t), Parseval’s theorem becomes:

Oou*(t)u(t)dt: 2 JURNU(f)df

> OO df

Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:

|

€

—at

t>0
t <0

= [ () dt = [=52]

0
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

(©.¢]
Parseval's Theorem: |,

ffi_

f=

ft__ | dt =

_ur(t(t)dt = [ U(f)V(f)df

For the special case v(t) = u(t), Parseval's theorem becomes:

Oou*(t)u(t)dt: 2 JURNU(f)df

> OO df

Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:

|

€

—at

t>0
t <0

= [lu@)Pdi = [=5=] "= 4

E1.10 Fourier Series and Transforms (2014-5559)
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Energy Conservation

7: Fourier Transforms: , ] +
Comoluionand Parseva Parseval’s Theorem: ftozo_oo u*(t)v(t)dt = f:oioo U(/HV(f)df

® Multiplication of Signals

For the special case v(t) = u(t), Parseval's theorem becomes:

® Multiplication Example
: 00 + 00

e ft:_oo u” <t>u<t>dt = [;22 L U (DU ()df

® Convolution Properties

! + o0 2
® Parseval’'s Theorem ft—— | dt f:—OO ‘U(f)‘ df

® Energy Conservation
® Energy Spectrum

o Summary Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:

—at > —2at |
u<t>—{€ = = [u(®) dt = |25 "= &

0 t <0

U(f) = - +Z.127T 7 [from before] ool k

u(t)

o

Ul
[e'ala’ela)
[ IS

Frequency (Hz)
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

(©.¢]
Parseval's Theorem: |,

Lt Ro(t)dt = [[77° U(HV()df

For the special case v(t) = u(t), Parseval's theorem becomes:

:_oou*@)u(t)dt: 2 JURNU(f)df
= [~ )| dt =

> OO df

Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:

u(t) = {

U<f) - a+1i27f
= [|U(f)

= [lu@)Pdi = [=5=] "= 4

[from before] oo k

u(t)

o

I df = [ i T

Ul
[e'ala’ela)
[ IS

Frequency (Hz)

: E1.10 Fourier Series and Transforms (2014-5559)

Fourier Transform - Parseval and Convolution: 7 -8/ 10 '



-1

7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Parseval's Theorem: [~ w*(t)v(t)dt =

LU V(S

For the special case v(t) = u(t), Parseval's theorem becomes:
ftf_oo u*(t)u(t)dt = [ U(HU(f)df
= [Z o lu@®F dt = [ U df

Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:
€_at t > O —2at oo
u(t) = - w(t)|” dt = { } =1
(*) {O t <0 f u | 2a Jo 2a
U(f) = - +Z.127T 7 [from before] cod™ k
= [lUHIFdf=[ a2+47r2f2 s T
 [tan—r(2z£) ] N
o 2ma ® Frequer?cy (Hz)
—00

: E1.10 Fourier Series and Transforms (2014-5559)

Fourier Transform - Parseval and Convolution: 7 -8/ 10 '



-1

7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Parseval's Theorem: [~ w*(t)v(t)dt =

LU V(S

For the special case v(t) = u(t), Parseval's theorem becomes:
ftf_oo u*(t)u(t)dt = [ U(HU(f)df
= [Z o lu@®F dt = [ U df

Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:
€_at t > O —2at oo
u(t) = - u(t)|” dt = { } =1
() {0 T — [ lu(®)P =)=
U(f) = - +Z.127T 7 [from before] cod™ k
= [lUHIFdf=[ a2+47r2f2 LT
 [tanr(z=)1 L N
o 2ma o % N Frequer?cy (Hz)
—00
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Conservation

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Parseval's Theorem: [~ w*(t)v(t)dt =

LU V(S

For the special case v(t) = u(t), Parseval's theorem becomes:
ftf_oo u*(t)u(t)dt = [ U(HU(f)df
= [Z o lu@®F dt = [ U df

Energy Conservation: The energy in u(t) equals the energy in U (f).

Example:
€_at t > O —2at oo
u(t) = - u(t)|” dt = { } =1
() {0 T — [ lu(®)P =)=
U(f) = - +Z.127T 7 [from before] cod™ k
= [lUHIFdf=[ a2+47r2f2 LT
a1 o N
o 2ma o % o % N Frequer?cy (Hz)
— OO
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Spectrum

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Example from before:

w(t)

e~ cos2nFt t>0

0

t <0
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Spectrum

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Example from before:

w(t)

o

w(t)

o -
uoupr

e~ cos2nFt t>0 R 0 5

0

t <0
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Spectrum

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Example from before:

e~ cos2nFt t>0

w(t) =
() 0 t <0

B 0.5 0.5
W(f) = smanmm T a72r=D

w(t)

o

o
ggouRr

a=2, F=2 h
) -
-5 0
Time (s)
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7: Fourier Transforms:
Convolution and Parseval’s
Theorem

Energy Spectrum

® Multiplication of Signals
® Multiplication Example
® Convolution Theorem
@ Convolution Example

® Convolution Properties
® Parseval's Theorem

® Energy Conservation

® Energy Spectrum

® Summary

Example from before:

a=2, F=2

o

w(t)

o -
uoupr

e~ cos2nFt t>0 R

w(t) =
() 0 t <0

B 0.5 0.5
W(f) = smanmm T a72r=D

o a+i27 f
 a’+idmaf—4An2(f2—F?)
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7: Fourier Transforms:
Convolution and Parseval’s
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o Ifyoudivide [TV (f)|” by the total energy, E,,, the result is non-negative

and integrates to unity like a probability distribution.
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For further details see RHB Chapter 13.1
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