


Maxwell equations: Time domain,
Frequency domain, Phasors
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Frequency domain
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Time domain Frequency domain
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Frequency domain

o |

Time domain Frequency domain

Q) F(w)

F(o)= jf(t)e‘j”tdt Fourier Transform (FT)
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Frequency domain

o |

Time domain Frequency domain
F(o)= j F(t)e ™ dt Fourier Transform (FT)

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Frequency domain

Time domain Frequency domain
F(o)= j F(t)e ™ dt Fourier Transform (FT)

1) How to jump back from the Spectral domain to the Time domain
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Frequency domain

Time domain Frequency domain
f(0) IFT F()
F(o)= j F(t)e ™ dt Fourier Transform (FT)

1) How to jump back from the Spectral domain to the Time domain

f(t) = % j F(w)e’"dw Inverse Fourier Transform (IFT)
T —00
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Frequency domain

Time domain FT Frequency domain

0 IFT F()

R

o | FT - F()= [ f()e " dr

F(w) > IFT () :i.“F(a))eﬂ‘”da)
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Frequency domain

o |

Time domain Frequency domain
F(o)= j F(t)e ™ dt Fourier Transform (FT)

2) Time-domain derivative and Fourier Transform

/(@) . FT > F(o)
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Frequency domain

o |

Time domain Frequency domain
F(o)= j F(t)e ™ dt Fourier Transform (FT)

2) Time-domain derivative and Fourier Transform

/(@) . FT > F(o)
df
" FT
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Frequency domain

o |

Time domain Frequency domain
F(o)= j F(t)e ™ dt Fourier Transform (FT)

2) Time-domain derivative and Fourier Transform

AQ) : FT > (o)
dt
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Frequency domain

- Fourier Transform and functions of n variables
- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables
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Frequency domain

- Fourier Transform and functions of n variables
- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Frequency domain

- Fourier Transform and functions of n variables
- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Fourier Transform and functions of n variables

Time domain Frequency domain

f(t19t27t39t4) ?
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Fourier Transform and functions of n variables

Starting domain Spectral domain

f(t19t27t39t4) ?
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Fourier Transform and functions of n variables

¢ 1D-FT’

Starting domain Spectral domain

VAURCRNN ?
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Fourier Transform and functions of n variables

¢ 1D-FT’

Starting domain Spectral domain

f(t19t29t39t4) F(w19t29t39t4)
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Fourier Transform and functions of n variables

Starting domain Spectral domain

f(t19t29t39t4) F(w19t29t3>t4)

1) How to jump back from the Spectral domain to the Time domain
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Fourier Transform and functions of n variables

Starting domain Spectral domain

f(t19t29t39t4) F(w19t29t3>t4)

1D-IFT

1) How to jump back from the Spectral domain to the Time domain

1 ¢ .
f(t17t29t39t4) ZEJ.F(m19t29t39t4)ejwltlda)l 1D-IFT
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Fourier Transform and functions of n variables

Starting domain

f(t17t27t37t4)

f(t19t29t39t4)

F(o,,t,,t,,1,)

1D-FT

LTS ’

Spectral domain

F(w,,t,,t;,t,)

+00
Fa,tyt5,t)= | [ttt ) e

1D-IFT

1 +o0 ‘
f(t19t23t39t4) :gJ-F(a)latzat3at4)ejwltlda)l
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Fourier Transform and functions of n variables

LTS ’

Starting domain Spectral domain

f(t1>t2>t37t4) F(a)1at29t3at4)

2) Time domain derivative and Fourier Transform
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t1>t2>t37t4) F(a)1at29t3at4)

2) Time domain derivative and Fourier Transform

J(t,,8,1,) > 1D-FT > F(w,t,,t;,1,)
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t19t2>t37t4) F(a)1at29t3at4)

2) Time domain derivative and Fourier Transform

J(t,,8,1,) > 1D-FT > F(w,t,,t;,1,)
o -
o, > 1D-FT .
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t19t2>t37t4) F(a)1at29t3at4)

2) Time domain derivative and Fourier Transform

J(t,,8,1,) > 1D-FT > F(w,t,,t;,1,)
of .
% > 1D-FT »jo F(w,t,,t,t,)
1
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t19t2>t37t4) F(a)1at29t3at4)

2) Time domain derivative and Fourier Transform

J(t,,8,1,) > 1D-FT > F(w,t,,t;,1,)
of .
- > 1D-FT > joF(a,t,,1,t,)
ot,
Z 1D-FT > ?
ot, ]
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t19t29t37t4) F(a)1at29t3at4)

2) Time domain derivative and Fourier Transform

J(t,0,,15,1,) > 1D-FT > F(w,t,,t;,1,)
of .
- > 1D-FT > joF(a,t,,1,t,)
ot,
i ~ aF(wlat29t3at4)
o, > 1D-FT o,
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Fourier Transform and functions of n variables

¢ ZD-FT’

Starting domain Spectral domain

VAURCRNN ?
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Fourier Transform and functions of n variables

¢ ZD-FT’

Starting domain Spectral domain
F(w1>w29t39t4)

VAURCRNN
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Fourier Transform and functions of n variables

Starting domain Spectral domain

f(t19t29t39t4) F(a)l’a)27t37t4)

1) How to jump back from the Spectral domain to the Time domain
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Fourier Transform and functions of n variables

Starting domain Spectral domain

Flo,o,,t.,t
f(t19t29t39t4) 2D-IFT ( 1 2°%3 4)

R’

1) How to jump back from the Spectral domain to the Time domain

2 400 +o0

1 o
f(tl,tz,t3,t4)=(2—j [ | Fl@,m,,t,,t)e" " dyd e, 2D-IFT
T

—00 —00
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t1>t2>t3>t4) F(wl’w29t3»t4)

2) Time domain derivative and Fourier Transform
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t1>t2>t3>t4) F(wl’w29t3»t4)

2) Time domain derivative and Fourier Transform

f(t19t29t39t4) . 2D-FT > F(wlaa)2at3at4)
of
o 2D-FT
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t1>t2>t3>t4) F(wl’w29t3»t4)

2) Time domain derivative and Fourier Transform

f(t19t29t39t4) . 2D-FT > F(wlaa)2at3at4)
of |
P 2D-FT > jo F (o, 0,,t5,1,)
1
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t1>t2>t3>t4) F(wl’w29t3»t4)

2) Time domain derivative and Fourier Transform

f(t19t29t39t4) . 2D-FT > F(wlaa)2at3at4)
of |
~ 2D-FT >jo F(w,0,,t,,t,)
o,
of
- > ?
o 2D-FT
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Fourier Transform and functions of n variables

LT ’

Starting domain Spectral domain

f(t1>t2>t3>t4) F(wl’w29t3»t4)

2) Time domain derivative and Fourier Transform

f(t19t29t39t4) . 2D-FT > F(wlaa)2at3at4)
of .
— 2D-FT sjo F(o,0,,t,t,)
ot,
of .
. 2D-FT > jo F(o,0,,t,t,)
2
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Fourier Transform and functions of n variables

LT ’

Starting domain

f(t17t27t37t4)

Spectral domain
F(o,0,,t,t,)

2) Time domain derivative and Fourier Transform

f(t19t29t39t4) . 2D-FT > F(wlaa)2at3at4)
of :
N > 2D-FT >joF(o,0,,t,t,)
ot
of :
= 2D-FT > jo,F (@, ,,8,t,)
ot
ua > 2D-FT ?
ot, i ]
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Fourier Transform and functions of n variables

LT ’

Starting domain

f(t17t27t37t4)

Spectral domain
F(o,0,,t,t,)

2) Time domain derivative and Fourier Transform

f(t19t29t39t4) . 2D-FT > F(wlaa)2at3at4)
of |
N > 2D-FT >joF(o,0,,t,t,)
or,
of |
- 2D-FT > jo,F(o,0,,t,t,)
o,
of oF (w,,w,,t,,t,)
Y > 2D-FT >
ot, ot,
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Fourier Transform and functions of n variables

‘ 3D-FT ’

Starting domain Spectral domain

VAURCRNN ?
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Fourier Transform and functions of n variables

‘ 3D-FT ’

Starting domain Spectral domain

f(t19t29t39t4) F(w19w29w39t4)
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Fourier Transform and functions of n variables

Starting domain Spectral domain

f(t19t29t39t4) F(m19m29w39t4)

1) How to jump back from the Spectral domain to the Time domain
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Fourier Transform and functions of n variables

Starting domain Spectral domain

F(wl’a)27w37t4)
f(t.t,,t,t,) i3|)-||:'|' |

1) How to jump back from the Spectral domain to the Time domain

3 +00 400 +00
1 S
f(tl,tz,t3,t4)=(g) [ | | Flo.0,0.t)e" ¢ e dndm,do,  3D-IFT

—00 —00 —00
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Fourier Transform and functions of n variables

‘ 4D-FT ’

Starting domain Spectral domain

f(t19t29t39t4) F(wl’w2’a)3’a)4)

‘4D-IFT'

1) How to jump back from the Spectral domain to the Time domain
1 )4 +00 +00 +00 +00

_[ I I jF(a)l,a)z,a)3,a)4)ej“’ltleja’ztzej“’3t3ej“’4’4da)lda)2da)3da)4 AD-IFT

—00 —00 —00 —00

VAURSHN Y =(

27
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Fourier Transform and functions of n variables

Starting domain Spectral domain

J(&x,,2) ?
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Fourier Transform and functions of n variables

-

Starting domain 1D-FT Spectral domain

J(&x,,2) ?

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 20 Marzo 2020



Fourier Transform and functions of n variables

-

Starting domain 1D-FT Spectral domain

f(t,%,,2) Flo,x,y,2)
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Fourier Transform and functions of n variables

Starting domain Spectral domain

f(t,%,,2) Flo,x,y,2)

R’

1) How to jump back from the Spectral domain to the Time domain
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Fourier Transform and functions of n variables

Starting domain Spectral domain

f(t,%,,2) Flo,x,y,2)

‘lD-IFT ’

1) How to jump back from the Spectral domain to the Time domain

1 —+00 .
f(taxayaz) - J. F(a)axayaz)e] tda) 1D-IFT
27 =
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Fourier Transform and functions of n variables

LTS ’

Starting domain Spectral domain
F(w,x,v,z
f@,x,y,2) F(w,x,y,z) = J-f(t,x,y,Z)e’j“”dt
.| 1D-FT : b
1 +0 »
F(w,x,y,z) f(t,x,y,z)zz—jF(w,x,y,z)e do
*  1D-IFT ‘ 7
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Fourier Transform and functions of n variables

Starting domain 1D-FT Spectral domain

f(t,%,,2) Fla,xy,2)

2) Time domain derivative and Fourier Transform
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Fourier Transform and functions of n variables

Starting domain 1D-FT Spectral domain

f(t,%,,2) Fla,xy,2)

2) Time domain derivative and Fourier Transform

S, p,2) . 1D-FT » F(w,x,y,2)
0
é; > 1D-FT - ?
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Fourier Transform and functions of n variables

Starting domain 1D-FT Spectral domain

f(t,%,,2) Fla,xy,2)

2) Time domain derivative and Fourier Transform

ft,x,,z) , 1D-FT » F(w,x,y,2)
0 :
(’;; > 1D-FT > ]a)F(a),x,y,Z)
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Fourier Transform and functions of n variables

Starting domain 1D-FT Spectral domain

f(t,%,,2) Fla,xy,2)

2) Time domain derivative and Fourier Transform

S, p,2) . 1D-FT » F(w,x,y,2)
0 :
é; 1D-FT > JoF(@,x,y,z)
0
af 1D-FT ‘ ?
X
0
% ol 1D-FT > F
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Fourier Transform and functions of n variables

Starting domain 1D-FT Spectral domain

f(t,%,,2) Fla,xy,2)

2) Time domain derivative and Fourier Transform

S, p,2) . 1D-FT » F(w,x,y,2)
0 :
é; 1D-FT > JoF(@,x,y,z)
0 oF (w,x,v,z
f - 1D-FT . dH@xy?)
ox ox
0 oF (w,x,y,z)
7 -|  1D-FT =
oy oy
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Fourier Transform and functions of n variables

4D-FT

Starting domain Spectral domain

f(t,x,y,z) F(a),u,v, W)

‘4D-IFT o

1) How to jump back from the Spectral domain to the Time domain

4 400 +00 +00 400
Jtxy ’Z)z(zL) [ []]F@uv,weee™ e dodudvdw 4D-IFT
T

—00 —00 —00 —00
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Frequency domain

- Fourier Transform and functions of n variables
- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Fourier Transform and vector functions

-

Time domain Frequency domain

f(t)=f.(01, + f, ()i, + f.(0)i. ?
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Fourier Transform and vector functions

-

Time domain Frequency domain

f(t)=f.(01, + f, ()i, + f.(0)i. ?
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Fourier Transform and vector functions

-

Time domain Frequency domain

f(t)=f.(01, + f, ()i, + f.(0)i. ?
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Fourier Transform and vector functions

-

Time domain Frequency domain

£(0) = £.()7, + £,(0, + . (). F(w) = F ()i, + F,(®)i,+ F.(0)i,
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Fourier Transform and vector functions

-

Time domain Frequency domain

£(0) = £.()7, + £,(0, + . (). F(w) = F ()i, + F,(®)i,+ F.(0)i,
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Fourier Transform and vector functions

Time domain Frequency domain

f(0) = £.0)1, + £,(01, + £. (). F(0) = F,(0)i, +F,(0)i, + F.(0)L,

R

1) How to jump back from the Spectral domain to the Time domain
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Fourier Transform and vector functions

Time domain Frequency domain

f(0) = £.0)1, + £,(01, + £. (). F(0) = F,(0)i, +F,(0)i, + F.(0)L,

R

1) How to jump back from the Spectral domain to the Time domain

F (o) > 1D-IFT >
F () > 1D-IFT
F.(w) - 1D-IFT
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Fourier Transform and vector functions

Time domain Frequency domain

f(0) = £.0)1, + £,(01, + £. (). F(0) = F,(0)i, +F,(0)i, + F.(0)L,

R

1) How to jump back from the Spectral domain to the Time domain

1 —+00 o
F () | 1D-FT - [(0) == [ F(w)edo
27 *
3 1 —+00 Ja)t
F,(0) »|  1D-IFT - f,(t) —ngy(w)e dw
1 +00 o
F.(o) .| 1D-IFT - () =5 [ F(@)edo
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Fourier Transform and vector functions

|

Time domain Frequency domain

f(0) = £.0)1, + £,(01, + £. (). F(0) = F,(0)i, +F,(0)i, + F.(0)L,

2) Time domain derivative and Fourier Transform
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Fourier Transform and vector functions

|

Time domain Frequency domain

f(0) = £.0)1, + £,(01, + £. (). F(0) = F,(0)i, +F,(0)i, + F.(0)L,

2) Time domain derivative and Fourier Transform

f) —| T |——F©)
df (1) -
o FT -t
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Fourier Transform and vector functions

|

Time domain Frequency domain

f(0) = £.0)1, + £,(01, + £. (). F(0) = F,(0)i, +F,(0)i, + F.(0)L,

2) Time domain derivative and Fourier Transform

f) —| T |——F©)
df (1) -
o FT -t

df‘(t):dﬁc(t){ +dfy(t)l° +dfz(t)l¢
dt d ~ dt 7 dt -
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Fourier Transform and vector functions
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Time domain Frequency domain

f(0) = £.0)1, + £,(01, + £. (). F(0) = F,(0)i, +F,(0)i, + F.(0)L,

2) Time domain derivative and Fourier Transform

f(t) — FT —— F(0)
df () -
— joF(w)
" FT
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Frequency domain

- Fourier Transform and functions of n variables
- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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