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6: F ier Ti fi .
e Fourier Transform:

T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

u(t)
U(f)

= [2 U(f)em7tdf

[ u(t)em 2" ftdy

[Fourier Synthesis]
[Fourier Analysis]

: E1.10 Fourier Series and Transforms (2014-5559)
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> Fourerseriesss Fourier Transform: w(t) = [~ U(f)e"*™/*df

T — oo o0 )
_ _ —127 ft
@ Fourier Transform U = Uu t (& ¢ dt
@ Fourier Transform (f) j‘t: — 0 ( )
Examples
® Dirac Delta Function Example U(f) = 1 . 55(f + 2) —I— 1 55(f _ 2)
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1

Ul

0.5

0

-3 -2 -1 0 1 2 3
Frequency (Hz)

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

> Fourerseriesss Fourier Transform: w(t) = [~ U(f)e"*™/*df

T — oo o0 )
_ _ —127 ft
Fourier Transf U(f) = u(t)e =TIt dt
e Fourier Transform (f) = Ji=_ oo ul?)
Examples

@ Dirac Delta Function Example U(f) =5 155(f + 2) —I— 155(f _ 2)

® Dirac Delta Function:

Scaling and Translation u(t) — fjooo U(f) 6’1:27Tft df

@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1

Ul

0.5

0

-3 -2 -1 0 1 2 3
Frequency (Hz)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
U(f) = [,Z___ u(t)e ?mItdt
Example: U(f)=156(f+2)+1.56(f —2)
— foo U i27rftdf
—f 1.55( f+2) 2r ftqf
+ [2. 1.58(f — 2)e2mItdf

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1

Ul

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
U(f) = [,Z___ u(t)e ?mItdt

Example: U(f) = 1.50(f +2) + 1.56(f — 2)
:foo U z'27rftdf
= [ _1.56( f+2) 2r ftqf
+ [ 1.56(f — 2)e?mItdf

—1.5 [ 227rft} , 1.5 [eiQWft}

= f=+2

[Fourier Synthesis]
[Fourier Analysis]

15

1.55(+2) 1.55(f-2)

1

Ul

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: u(t) = ffooo U(f)ei%ftdf
— ftozo_oo u(t)e= 2™ tdt
Example: U(f)=156(f+2)+1.56(f —2)
_ foo U z’27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
— 1.5 [ 227rft} — 1+ 1.5 [6227rft}

; 1.5 (6i47rt i €—i47rt) =t

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1
=
2

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
= [~ __u(t)e 2 Itdy
Example: U(f)=156(f+2)+1.56(f —2)
_ foo U z’27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=1.5[e @?Wft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1
=
2

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
U(f) = [,Z___ u(t)e ?mItdt
Example: U(f)=156(f+2)+1.56(f —2)
— foo U z'27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=15 |e @?Wft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

[Fourier Synthesis]
[Fourier Analysis]

15

1.55(+2) 1.55(f-2)

— 1

=
=
=
2

0.5

-3 -2 -1 0 1 2 3
Frequency (Hz)

4} 3cos(4mt)

Time (s)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
U(f) = [,Z___ u(t)e ?mItdt
Example: U(f)=150(f+2)+1.50(f —2)
— foo U z'27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=15 |e f27fft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(f+2)

1
=
2

0.5

1.55(f-2)

-3 -2 -1 0 1
Frequency (Hz)

4} 3cos(4mt)

2

3

Time (s)

If u(t) is periodic then U( f) is a sum of Dirac delta functions:

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

Fourier Transform: w(t) = [~ U(f)e"*™/*df
= [~ __u(t)e 2 Itdy
Example: U(f)=150(f+2)+1.50(f —2)
_ foo U z’27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=1.5[e f27fft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

[Fourier Synthesis]
[Fourier Analysis]

15

1.55(+2) 1.55(f-2)

=
=
=
2

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

4} 3cos(4mt)
2
S0
-2

0 1 2 3 4 5
Time (s)

If u(t) is periodic then U( f) is a sum of Dirac delta functions:

u(t) =322 Une®™ = U(f) =3

oo
n——oo

U,d (f —nF)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
= [~ __u(t)e 2 Itdy
Example: U(f)=150(f+2)+1.50(f —2)
_ foo U z’27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=1.5[e f27fft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1

Ul

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

4} 3cos(4mt)
2
S0
-2

0 1 2 3 4 5
Time (s)

If u(t) is periodic then U( f) is a sum of Dirac delta functions:

u(t) =302 Une®™ = U(f) =3
Proof: u(t) = [-._ U(f)e™/tdf

n——oo

U,d (f —nF)

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
= [~ __u(t)e 2 Itdy
Example: U(f)=150(f+2)+1.50(f —2)
_ foo U z’27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=1.5[e f27fft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1

Ul

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

4} 3cos(4mt)
2
S0
-2

0 1 2 3 4 5
Time (s)

If u(t) is periodic then U( f) is a sum of Dirac delta functions:

u(t) =302 Une®™ = U(f) =3
Proof: u(t) = [-._ U(f)e™/tdf

n——oo

U,d (f —nF)

= [ S JUnd (f —nF) e Itdf

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
= [~ __u(t)e 2 Itdy
Example: U(f)=150(f+2)+1.50(f —2)
_ foo U z’27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=1.5[e f27fft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1

Ul

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

4} 3cos(4mt)
2
S0
-2

0 1 2 3 4 5
Time (s)

If u(t) is periodic then U( f) is a sum of Dirac delta functions:

u(t) =302 Une®™ = U(f) =3
Proof: u(t) = [-._ U(f)e™/tdf

n——oo

U,d (f —nF)

= [ Yo o Und (f — nF) eIt df
=3y U, ffooo §(f —nF)e?™Itdf

n——oo

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

Periodic Signals

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df
= [~ __u(t)e 2 Itdy
Example: U(f)=150(f+2)+1.50(f —2)
_ foo U z’27rftdf
—f 1.56( f+2) 2t f
+ [ 1.56(f — 2)e?mItdf
=1.5[e f27fft} fog T 15 eteaid bl
= 1.5 (e"™ + e~ ") = 3 cos 4t

[Fourier Synthesis]
[Fourier Analysis]

15 1.55(+2) 1.55(f-2)

1

Ul

0.5

0
-3 -2 -1 0 1 2 3
Frequency (Hz)

4} 3cos(4mt)
2
S0
-2

0 1 2 3 4 5
Time (s)

If u(t) is periodic then U( f) is a sum of Dirac delta functions:

u(t) =302 Une®™ = U(f) =3
Proof: u(t) = [-._ U(f)e™/tdf

n——oo

U,d (f —nF)

= [ Yo o Und (f — nF) eIt df
=3y U, ffooo §(f —nF)e?™Itdf

n=—oo
_ o0 12mnF't
T Zn:—oo Une
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6: Fourier Transform

® Fourier Series as Fourier Tl‘anSfOI‘mZ 'U/(t)

T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

U(f)

= [2 U(f)em7tdf

[ u(t)em 2" ftdy

[Fourier Synthesis]
[Fourier Analysis]

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

6: Fourier Transform

 Fourler Series a5 Fourier Transform: u(t) = [~ U(f)e®>"/tdf [Fourier Synthesis]

T — oo o9

e Fourier Transform U(f) = fOO ’U/(t)e_izﬂ-‘ftdt [FOurier Analysis]

@ Fourier Transform t=—00
Examples

@ Dirac Delta Function

@ Dirac Delta Function: Dual tranSform:

Scaling and Translation

@ Dirac Delta Function: Suppose ’U(t) f— U(t)

Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 — 9/ 12 :
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6: Fourier Transform

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Duality

Q]

Fourier Transform: u(t) = [~ U(f)

— o0

U(f) = tO:O_OO u(t

i27rftdf
€—i27'rft dt

N——"

Dual transform:
Suppose v(t) = U(t), then

V(f) = ftozo_oo v(t)e 2™ tdr

[Fourier Synthesis]
[Fourier Analysis]

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

6: Fourier Transform

 Fourler Series a5 Fourier Transform: u(t) = [~ U(f)e®>"/tdf [Fourier Synthesis]

T — oo o9

e Fourier Transform U(f) = fOO ’U/(t)e_izﬂ-‘ftdt [FOurier Analysis]

@ Fourier Transform t=—00
Examples

@ Dirac Delta Function

@ Dirac Delta Function: Dual tranSform:

Scaling and Translation

@ Dirac Delta Function: Suppose ’U(t) — U(t)’ then

Products and Integrals

@ Periodic Signals V(f) — j‘tozo_oo ,U(t)e—’l,2ﬂ'ftd7_

@ Duality

@ Time Shifting and Scaling V<g) — j‘tO:O_OO U(t)e—’l,zﬂ'gtdt [Substltute f — g’ ,U(t) — U(t)]

® Gaussian Pulse

® Summary

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 — 9/ 12 :
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6: Fourier Transform

 Fourler Series a5 Fourier Transform: u(t) = [~ U(f)e®>"/tdf [Fourier Synthesis]

T — oo o9

e Fourier Transform U(f) = fOO ’U/(t)e_izﬂ-‘ftdt [FOurier Analysis]

@ Fourier Transform t=—00
Examples

@ Dirac Delta Function

@ Dirac Delta Function: Dual tranSform:

Scaling and Translation

@ Dirac Delta Function: Suppose ’U(t) — U(t)’ then

Products and Integrals

@ Periodic Signals V(f) — j‘tozo_oo ,U(t)e—’l,2ﬂ'ftd7_

V(g) = ffj_oo U(t)e 2m9¢dt  [substitute f = g, v(t) = U(t)]
s — ffoi_oo U(f)e 2797 df [substitute t = f]

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 — 9/ 12 :
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6: Fourier Transform

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

@ Duality

@ Time Shifting and Scaling
® Gaussian Pulse

® Summary

Duality

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Dual transform:
Suppose v(t) = U(t), then

V(f) = ftozo_oo v(t)e 2™ tdr

Vig)=[—___ U(t)e2m9tdt
= [ _ L U(fe 29l df
= u(—g)

[substitute f = g, v(t) = U(t)]
[substitute t = f]

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

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function

® Dirac Delta Function:

Scaling and Translation

@ Dirac Delta Function:

Products and Integrals
® Periodic Signals
@ Duality

@ Time Shifting and Scaling

® Gaussian Pulse

® Summary

Duality

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Dual transform:
Suppose v(t) = U(t), then

V(f) = ftozo_oo v(t)e 2™ tdr
Vig)=[—___ U(t)e2m9tdt

= [72_ U(fe ™9l df

= u(—g)
So: w(t) =U(t)

[substitute f = g, v(t) = U(t)]

[substitute t = f]

= V(f) =u(=f)

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

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function

® Dirac Delta Function:

Scaling and Translation

@ Dirac Delta Function:

Products and Integrals
® Periodic Signals
@ Duality

@ Time Shifting and Scaling

® Gaussian Pulse

® Summary

Duality

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Dual transform:
Suppose v(t) = U(t), then

V(f) = ftozo_oo v(t)e 2™ tdr
Vig)=[—___ U(t)e2m9tdt

= [72_ U(fe ™9l df

= u(—g)
So: w(t) =U(t)

[substitute f = g, v(t) = U(t)]

[substitute t = f]

= V(f) =u(=f)

Example:
u(t) = eIl

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

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function

® Dirac Delta Function:

Scaling and Translation

@ Dirac Delta Function:

Products and Integrals
® Periodic Signals
@ Duality

@ Time Shifting and Scaling

® Gaussian Pulse

® Summary

Duality

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Dual transform:
Suppose v(t) = U(t), then

V(f) = ftozo_oo v(t)e 2™ tdr
Vig)=[—___ U(t)e2m9tdt

= [72_ U(fe ™9l df

= u(—g)
So: w(t) =U(t)

[substitute f = g, v(t) = U(t)]

[substitute t = f]

= V(f) =u(=f)

Example:

u(t) =l = [from earlier]

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

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function

® Dirac Delta Function:

Scaling and Translation

@ Dirac Delta Function:

Products and Integrals
® Periodic Signals
@ Duality

@ Time Shifting and Scaling

® Gaussian Pulse

® Summary

Duality

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Dual transform:
Suppose v(t) = U(t), then

V(f) = ftozo_oo v(t)e 2™ tdr
Vig)=[—___ U(t)e2m9tdt

= [72_ U(fe ™9l df

= u(—g)
So: w(t) =U(t)

[substitute f = g, v(t) = U(t)]

[substitute t = f]

= V(f) =u(=f)

Example:

S
&
[
Q)
i

|

[from earlier]

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

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function

® Dirac Delta Function:

Scaling and Translation

@ Dirac Delta Function:

Products and Integrals
® Periodic Signals
@ Duality

@ Time Shifting and Scaling

® Gaussian Pulse

® Summary

Duality

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Dual transform:
Suppose v(t) = U(t), then

V(f) = ftozo_oo v(t)e 2™ tdr
Vig)=[—___ U(t)e2m9tdt

= [72_ U(fe ™9l df

= u(—g)
So: w(t) =U(t)

[substitute f = g, v(t) = U(t)]

[substitute t = f]

= V(f) =u(=f)

Example:

S
&
[
Q)
i

|

[from earlier]

: E1.10 Fourier Series and Transforms (2014-5559)
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Duality
;Eﬁ_ﬂ;ﬁgﬁ?io;? Fourier Transform: u(t) = f_zoo U( f)ei%f tdf [Fourier Synthesis]
2 Cower Tanstorn U(f) = [Z_sut)e™ ™/ at [Fourier Analysis]
Iixgrirr]zclze;elta Function
ol o Tansiaton Dual transform:
M Suppose v(t) = U (t), then
oPerio.dicSignaIs V f — O_O v t 6—227Tftd,7_
::ilrf(!zhiftingand Scaling VE )) _ f'tog_oo U(<t))€—i27rgtdt [Substitute f _ ’U(t) . U(t)]
® Gaussian Pulse g - Jt=—o0 o g’ o
® ey = ffoi_oo U(f)e 2797 df [substitute t = f]

= u(—g)

So: w(t) =U(t) = VI(f)=u(-f)

Example:
)= = U(f)=

S
~

14+472 f2

[from earlier]

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

Fourier Transform: 6 — 9/ 12 '
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Time Shifting and Scaling

6: Fourier Transform

® Fourier Series as Fourier Tl‘anSfOI‘mZ 'U/(t)

T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

U(f)

= [2 U(f)em7tdf

[ u(t)em 2" ftdy

[Fourier Synthesis]
[Fourier Analysis]

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

Fourier Transform: 6 — 10/ 12 '



-1

Time Shifting and Scaling

6: Fourier Transf . 00
T Fourier Transform: u(t) = f_oo
T — oo

@ Fourier Transform U(f) — j‘tozo_oo

® Fourier Transform
Examples

@ Dirac Delta Function

® Dirac Delta Function: Time Shifting and Scaling:

Scaling and Translation
@ Dirac Delta Function:

Products and Integrals Suppose ,U(t) — u(at —I— b)

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

U(f)ese Tty
u(t)e= 2™ tdt

[Fourier Synthesis]
[Fourier Analysis]

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

Fourier Transform: 6 — 10/ 12 '
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6: Fourier Transform

Time Shifting and Scaling

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f)= [=_ _u(t)e 2" idt

t=—0o0

Time Shifting and Scaling:
Suppose v(t) = u(at + b), then
V(f)= [Z___ ulat+b)e "/tdt

[Fourier Synthesis]
[Fourier Analysis]

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

Fourier Transform: 6 — 10/ 12 '
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6: Fourier Transform

Time Shifting and Scaling

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f)= [=_ _u(t)e 2" idt

t=—0o0

Time Shifting and Scaling:
Suppose v(t) = u(at + b), then
V(f)= [Z___ ulat+b)e "/tdt

[Fourier Synthesis]
[Fourier Analysis]

[now sub 7 = at + 0]

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

Fourier Transform: 6 — 10/ 12 '
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Time Shifting and Scaling

> Fourerseriesss Fourier Transform: w(t) = [~ U(f)e"*™/*df
T — oo

. 2 —i27 ft
Roills Ticlush U — u(t)e™" dt
e Fourier Transform (f) = Ji=_oo ul®)
Examples

@ Dirac Delta Function

® Dirac Delta Function: Time Shifting and Scaling:

Scaling and Translation
@ Dirac Delta Function:

Products and Integrals Suppose ,U(t) — u(a/t —I— b), then

® Periodic Signals

[Fourier Synthesis]
[Fourier Analysis]

o Duaiy V(f)= [Z___ ulat+b)e "/tdt [now sub 7 = at + b]

® Time Shifting and Scaling b
——

@ Gaussian Pulse — Sgn(a) fToi_oo u(T)e—ZQTFf( 7 )%dT

® Summary

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

Fourier Transform: 6 — 10/ 12 '
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6: Fourier Transform

Time Shifting and Scaling

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Time Shifting and Scaling:
Suppose v(t) = u(at + b), then
V(f)= [Z___ ulat+b)e "/tdt

T—0b

=sgn(a) [__ U(T)e—z'zwf( =

[now sub 7 = at + 0]

)%dT
1 a>0

note that oo limits swap if a < 0 hence sgn(a) =
—1 a<0

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

Fourier Transform: 6 — 10/ 12 '
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6: Fourier Transform

Time Shifting and Scaling

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df [Fourier Synthesis]

U(f) = [,Z___ u(t)e ?mItdt [Fourier Analysis]
Time Shifting and Scaling:
Suppose v(t) = u(at + b), then
V(f)= [Z___ ulat+b)e "/tdt

T—0b

=sgn(a) [__ U(T)e—z'zwf( =

[now sub 7 = at + 0]

)%dT

- . I a>0
note that oo limits swap if a < 0 hence sgn(a) =
—1 a<0
= ﬁei%be = w(T)e 2T ET dr

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

Fourier Transform: 6 — 10/ 12 '
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6: Fourier Transform

Time Shifting and Scaling

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: w(t) = [~ U(f)e"*™/*df [Fourier Synthesis]

U(f) = [,Z___ u(t)e ?mItdt [Fourier Analysis]
Time Shifting and Scaling:
Suppose v(t) = u(at + b), then
V(f)= [Z___ ulat+b)e "/tdt

T—0b

=sgn(a) [__ U(T)e—z'zwf( =

[now sub 7 = at + 0]

)%dT

I a>0
note that oo limits swap if a < 0 hence sgn(a) =
—1 a<0
= ﬁei%be = w(T)e 2T ET dr
1 .27 fb f
me U (4)

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

Fourier Transform: 6 — 10/ 12 '
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6: Fourier Transform

Time Shifting and Scaling

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform: u(t) = [~ U(f)e®>"/tdf

— o0

U(f) = [,Z___ u(t)e ?mItdt

[Fourier Synthesis]
[Fourier Analysis]

Time Shifting and Scaling:
Suppose v(t) = u(at + b), then
V(f)= [Z___ ulat+b)e "/tdt

= sgn(a) [ ul(r)e=

[now sub 7 = at + 0]

T—0>b
a

)%dT

- . I a>0
note that oo limits swap if a < 0 hence sgn(a) =
—1 a<0
= ﬁei%be = w(T)e 2T ET dr
= e (d)
Soi u(t) —ulat+4) = V() = fe U (1)

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

Fourier Transform: 6 — 10/ 12 '
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Gaussian Pulse

6: Fourier Transform

® Fourier Series as Gaussian Pulse: u(?)

T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

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

Fourier Transform: 6 — 11/ 12 '
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Gaussian Pulse: u(t) = ﬁe 252
iNea

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

Fourier Transform: 6 — 11/ 12 '
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Gaussian Pulse: u(t) =

1

—F=€
V2mo?

This is a Normal (or Gaussian) probability distribution, so ffooo u(t)dt = 1.

o=1

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

Fourier Transform: 6 — 11/ 12 '
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Gaussian Pulse

6: Fourier Transform 1 t2

¢ Fourier Series as Gaussian Pulse: u(t) = ———e 202

T — oo ( ) o /2’7'('0'2 -

® Fourier Transform . . . - . . .

e Fourier Transform This is a Normal (or Gaussian) probability distribution, so f_oo u(t)dt = 1.

Examples

@ Dirac Delta Function . o0 —127 ft

® Dirac Delta Function: U (f) — f_ 0O U (t) € dt
Scaling and Translation

@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

0 . . ;

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :



-1

Gaussian Pulse

6: Fourier Transform 1 t2
® Fourier Series as Gaussian Pulse. u(t) — 6_ 552
T — oo - 2
V2
® Fourier Transform 10 . 7 ano . . . (©. @)
e Fourier Transform This is a Normal (or Gaussian) probability distribution, so f_oo u(t)dt = 1.
Examples 2
0 t 5
@ Dirac Delta Function U f . o0 U t 6—’1,27Tftdt _ 1 o0 6_ m 6—%27Tftdt
Di Delta Function: - - /
;callirr‘lz: anz ‘?’ra:gl(;tlizrrll ( ) f—OO ( ) 27T02 f—OO

@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

0 . . ;

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :
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Gaussian Pulse

6: Fourier Transform 1 t2
o Founer Series s Gaussian Pulse: u(t) = ———=e 202
T — oo . >
V2

® Fourier Transform 10 . 7 ano . . . (©. @)
e This is a Normal (or Gaussian) probability distribution, so f_oo u(t)dt = 1.
Examples 2

! ' S —1 1 oo -t .
* Dita Deta Funcon: U(f) = ["__ u(t)e?mtdt = Noree [ e 2z e 2t

Scaling and Translation
@ Dirac Delta Function:

1 0
Products and Integrals T < /27.(-0-2 f—oo €

® Periodic Signals

— 2% (t2+i47ra2ft) dt

(o2

o Duality
® Time Shifting and Scaling
® Gaussian Pulse

® Summary

0 . . ;

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Gaussian Pulse: u(t) =

1

—F=€
V2mo?

This is a Normal (or Gaussian) probability distribution, SO foo u(t)dt = 1.

U(f) = ffooo

u(t)e

vV 271'02 f

vV 271'02 f

0.4

—i27t'ftdt _

(t +idrmo ft—l—(227ra f) (z’27ta2f)2)d

\ o=1
g/ 0.2 K
0 . ;
-4 2 0 2 4
Time (s)

\/271'02 f
——(t +idmo ft)dt

z27t'ftdt

t

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

Fourier Transform: 6 — 11/ 12 '
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Gaussian Pulse: u(t) = ﬁe 252
iNea

This is a Normal (or Gaussian) probability distribution, SO foo u(t)dt

U(f) :ffo u(t)e_i%ﬁdt— e~ 2T ft ¢

\/271'02 f
——(t +idmo ft)dt

\/271'02 f ,
27T02 f (t +idrmo ft—l—(227ra f) (12770 f) )dt

— =7 2(%27‘(‘0’ f) (t—l—zQﬂ'a f) dt

vV 27rc72 f

0 . . ;

1.

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

Fourier Transform: 6 — 11/ 12 '
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Gaussian Pulse: u(t) = ﬁe 252
iNea

This is a Normal (or Gaussian) probability distribution, SO foo u(t)dt = 1.
. »
U(f) — f_ u(t)e ZQWftdl(f— W)f e~ 2T ft It
— L (t?*4idno? ft
\/271'02 f dt
(t +idrmo ft—l—(227ra f) (z’27ra2f)2)d

vV 271'02 f L

e 2(127?0 f) (t—l—zQﬂ'a f) dt

vV 27rc72 f

/N
—

1) (227rc7 f)

62

0 . . ;

E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

() = s=e"
2mo -
This is a Normal (or Gaussian) probability distribution, SO f u(t)dt = 1.

U(f) = fi’° w(t)e 2 tds = L

Gaussian Pulse: u 202

—27 ft
\/271'02 f dt
27T02 f ——(t +idmo ft)dt
(t +idrmo ft—l—(127rc7 f) (z’27ta2f)2)d

vV 271'02 f L

e 2(127?0 f) (t—|—22’7't'0' f) dt

vV 27rc72 f

/N
—

1) T (127rc7 f)
[(1) uses a result from complex analysis theory that:

iz (t+i27o? f) dt — —mﬂdt — 1

1 o)
\/27rc72 f 2w f—oo €

0 . . ;

E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

() = s=e"
2mo -
This is a Normal (or Gaussian) probability distribution, SO f u(t)dt = 1.

U(f) = fi’° w(t)e 2 tds = L

Gaussian Pulse: u 202

—27 ft
\/271'02 f dt
27T02 f ——(t +idmo ft)dt
(t +idrmo ft—l—(127rc7 f) (z’27ta2f)2)d

vV 271'02 f L

e 2(127?0 f) (t—|—22’7't'0' f) dt

\/27ra2 f
05T (127rc7 f) _6—5(27T0f)2

[(1) uses a result from complex analysis theory that:
2
iz (t+i27wo” f) dt — — 5ot gy — 1]

/N
—

1)

1 o)
\/27rc72 f 2w f—oo €

0 . . ;

E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :
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6: Fourier Transform

Gaussian Pulse

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

() = s=e"
2mo -
This is a Normal (or Gaussian) probability distribution, SO f u(t)dt = 1.

U(f) = ff° w(t)e 2 tds = L

Gaussian Pulse: u 202

—27 ft
\/271'02 f dt
27T02 f ——(t +idmo ft)dt
(t +idrmo ft—l—(227ra f) (z’27ta2f)2)d

vV 271'02 f L

e 2(127?0 f) (t—|—22’7't'0' f) dt

\/27ra2 f
05T (127rc7 f) _6—5(27T0f)2

[(1) uses a result from complex analysis theory that:
2
iz (t+i27wo” f) dt — — 5ot gy — 1]

/N
—

1)

I Tarsz o€
Varo? 2702 J—o0
0.4 \ o=1 1t \ 1/(2m6)=0.159

= e
\50.2 \¥ 50.5- \¥
0 . . ; 0= : \ \ ) :

-4 -2 0 2 4 -06 -04 -0.2 0 0.2 0.4 0.6
Time (8) Frequency (Hz)

E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :
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Gaussian Pulse

6: Fourier Transform 1 t2
® Fourier Series as Gaussian Pulse. u(t) — —6_ 552
T — oo - 2
V2

® Fourier Transform 10 . o ang . . . (©. @)
e Fourier Transform This is a Normal (or Gaussian) probability dlstrlbutlon, SO f u(t)dt = 1.
Examples

Dirac Delta Functi _ [o® — 27 ft 34 __ 27 [t
i U(f) = J2u@®e Mt = 5= |7 “renltdt

Scaling and Translation

@ Dirac Delta Function: _ — =5 (t +idmo ft) dt
Products and Integrals _ W f
® Periodic Signals . 2 2
o Duality _ f (t +idmo ft—l—(227ra f) (12770 f) ) dt
@ Time Shifting and Scaling \/ 27-(-0-2
® Gaussian Pulse
® Summary — €20 2 (1271-0- f) \/272 f (t+7f2770- f) dt
Yies
(;) €202 (227“7 f) — 6_5(2770f)2

[(1) uses a result from complex analysis theory that:

27Ta2 f (t—l—z27ra f) dt — 2;02 ffooo e_mt2dt: 1]

0.4 \ o=1 1t \ 1/(210)=0.159

= e
\50.2 \¥ 50.5- \¥
0 . . ; 0= : \ \ ) :

-4 -2 0 2 4 -06 -04 -0.2 0 0.2 0.4 0.6
Time (8) Frequency (Hz)

| Uniquely, the Fourier Transform of a Gaussian pulse is a Gaussian pulse. |

E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —11/12 :
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Summary
E:: Ega:z: ;r:r?:?;sm [ Fourier Tl‘anSfOI‘mZ . ; ft
T — oo H . - LLTT
Lo o Inverse transform (synthesis): u(t) = f_oo U(f)e df

® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

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

Fourier Transform: 6 — 12/ 12 '
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Summary
e e Fourier Transform:
Lo o Inverse transform (synthesis): u(t) = [~ U(f)e”™/tdf
® Fourier Transform g
Examples o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

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

Fourier Transform: 6 — 12/ 12 '
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6: Fourier Transform

Summary

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

e Fourier Transform:
o Inverse transform (synthesis): u(t) = [~ U(f)e”™/tdf

o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt
> U/(f) is the spectral density function (e.g. Volts/Hz)

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —12 /12 :
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Summary
6: F ier Ti fi : R
< Fourior Series a5 e Fourier Transform: N .
T — oo H . - LLTT
Lo o Inverse transform (synthesis): u(t) = f_oo U(f)e df

® Fourier Transform

Examples o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt

@ Dirac Delta Function

$ Diac beta Funetion > U(f) is the spectral density function (e.g. Volts/Hz)
Protucs and torals e Dirac Delta Function:
e o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

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

Fourier Transform: 6 — 12/ 12 '
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Summary
6: F ier Ti fi : R
< Fourior Series a5 e Fourier Transform: N .
T — oo H . - LLTT
Lo o Inverse transform (synthesis): u(t) = f_oo U(f)e df

® Fourier Transform

Examples o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt

@ Dirac Delta Function

$ Diac beta Funetion > U(f) is the spectral density function (e.g. Volts/Hz)
Protucs and torals e Dirac Delta Function:
e o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1

® Time Shifting and Scaling

oGl s o Integral: [~ f(t)6(t —a) = f(a)

® Summary

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —12 /12 :
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Summary
6: F ier Ti fi : R
< Fourior Series a5 e Fourier Transform: N .
T — oo H . - LLTT
Lo o Inverse transform (synthesis): u(t) = f_oo U(f)e df

® Fourier Transform

Examples o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt

@ Dirac Delta Function

i > U/(f) is the spectral density function (e.g. Volts/Hz)
e e Dirac Delta Function:

A o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1
consnrtien o Integral: [*_ f()d(t —a) = f(a)

o o Scaling: d(ct) = ﬁé(t)

: E1.10 Fourier Series and Transforms (2014-5559) Fourier Transform: 6 —12 /12 :
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6: Fourier Transform

Summary

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

Fourier Transform:

o Inverse transform (synthesis): u(t) = [~ U(f)e”™/tdf
o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt
> U/(f) is the spectral density function (e.g. Volts/Hz)

Dirac Delta Function:

o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1
o Integral: [~ f(t)6(t —a) = f(a)

o Scaling: 6(ct) = = (¢

el

Periodic Signals: u(t) = 5

)

o 12mnF't
n=—0o0 Une

=U(f) =2

©.@)

n=——

Und (f —nF)

©.@)
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e e Fourier Transform:
Lo o Inverse transform (synthesis): u(t) = [~ U(f)e”™/tdf
® Fourier Transform g
Examples o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:

> U/(f) is the spectral density function (e.g. Volts/Hz)

Products and Integrals e Dirac Delta Function:

A o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1
o Integral: [*°_f(1)3(t — a) = f(a)

o o Scaling: d(ct) = ﬁé(t)

e Periodic Signals: u(t) = > U, ei2mnl't

n=—oo

=U(f) =2 o Und (f —nF)

e Fourier Transform Properties:

o w(t) =U(t)

= V(f) = u(=f)
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Summary
e e Fourier Transform:
Lo o Inverse transform (synthesis): u(t) = [~ U(f)e”™/tdf
® Fourier Transform g
Examples o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function: . .
Products and Integrals [ D| rac DElta FU nCtIOI’I .
® Periodic Signals
o Duality

® Time Shifting and Scaling

oGl s o Integral: [~ f(t)6(t —a) = f(a)

® Summary

o Scaling: 6(ct) = 0

el

(?)

> U/(f) is the spectral density function (e.g. Volts/Hz)

o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1

e Periodic Signals: u(t) = > U, ei2mnl't

n=—oo

=U(f) =2 o Und (f —nF)

e Fourier Transform Properties:

o v(t) =U(t)
o wv(t) =wu(at + b)

= V(f) = u(=f)

= V=t
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Summary
6: F ier Ti fi : R
< Fourior Series a5 e Fourier Transform: N .
T — oo H . - LLTT
Lo o Inverse transform (synthesis): u(t) = f_oo U(f)e df

® Fourier Transform

Examples o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt

@ Dirac Delta Function

i > U/(f) is the spectral density function (e.g. Volts/Hz)
e e Dirac Delta Function:
A o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1
consnrtien o Integral: [*_ f()d(t —a) = f(a)
o o Scaling: d(ct) = ﬁé(t)

e Periodic Signals: u(t) =Y - U,e™?™!!

= U(f) — ZZO:_OO Uno (f - ”I”LF)
e Fourier Transform Properties:
f)

o u(t) =U(¢) = V() =u(=f)
o wv(t) =wu(at + b) — V(f):%ei n f U(i)

| a
(&) = V(f)ze—%(%af)2

N[~
Q|+

o v(t) = e
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6: Fourier Transform

Summary

® Fourier Series as
T — oo

® Fourier Transform
® Fourier Transform
Examples

@ Dirac Delta Function
® Dirac Delta Function:
Scaling and Translation
@ Dirac Delta Function:
Products and Integrals

® Periodic Signals

o Duality

® Time Shifting and Scaling
® Gaussian Pulse

® Summary

e Fourier Transform:
o Inverse transform (synthesis): u(t f U(f)e? rtdf

o Forward transform (analysis): U(f) = [,—___ u(t)e "*"/*dt
> U(f) is the spectral density function (e.g. Volts/Hz)
e Dirac Delta Function:
o 4(t) is a zero-width infinite-height pulse with [~ _6(¢)dt = 1
o Integral: [~ f(t)6(t —a) = f(a)
o Scaling: d(ct) = E |5( )

e Periodic Signals: u(t) = > U, ei2mnl't

n=—oo

= U(f) — ZZO:_OO U (f - TLF)
e Fourier Transform Properties:

o v(t) =U(t) = V(f) =u(- 2) )
o wv(t) =wu(at + b) = V(f) = ﬁ et U (g)
O ’U(t) — \/2;76_%(%)2 = V(f) — 6—5(2’7Wf)2

For further details see RHB Chapter 13.1 (uses w instead of f)
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