


Equazioni di Maxwell

VxE(F, 1) :_Ob(r,t)
ot
. od(Fr) -
| Vxh(FD) = ot +i(5) Unita di
V-&(F,t) = p(F.t) misura
V-b (f t) 0 r,t Campo elettrico \Volt/m

Induzione elettrica Coulomb/m?

(F.1)

(F.1)

h(¥,£): Campo magnetico Ampere/m
( ) Induzione magnetica  Weber/m?
(F.1)

Densita di corrente Ampere/m?

p(¥,t): Densita di carica Coulomb/m3
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Color legend

New formulas, important considerations,
important formulas, important concepts

Very important for the discussion

Memo

Mathematical tools to be exploited

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 14 Marzo 2024



Maxwell equations

Differential form Integral form
- ( o A d . i
v x&( ,t)__ab(r,t) Cj}dce(r,t)-c:—g.deb(r,t) ]
Ot C p S
B, od(%,t) - deh(t,1)-¢ =—[[dSd(F,¢)-n+i(s
fvsi(e.)= 400 (e |$eb(®e)e =G [Jasd(r.)-ii
V-d(7.0)= p(F.1) fpasd(r.1)-h=q0)
S
V-b(F,t)=0 {pdSb(¥,¢)-h=0
Y
3.0+ 2251 coa o da()
V-l(r, =0 ds j(r, =0
j(F,1)+ ~ C_Eﬁ S j(F,¢)-n+ o
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Maxwell equations: Time domain,
Frequency domain, Phasors
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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 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

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

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 of n variables

Time domain

I>w

£(6,%,9,2) = f.(6,%,,2)i, + £,(t,%,0,2)i, + f.(,%,,2) i, w

Frequency domain

F(a), x,v,2)=F (0,x,y,2) fx +F, (o, x,y,z)fy +F (o, x,y,z)fz
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Fourier Transform and vector functions of n variables

Time domain

I>w

£(6,%,9,2) = f.(6,%,,2)i, + £,(t,%,0,2)i, + f.(,%,,2) i, w

Frequency domain

F(a), x,v,2)=F (0,x,y,2) fx +F, (o, x,y,z)fy +F (o, x,y,z)fz
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Fourier Transform and vector functions of n variables

Time domain

w—>1

f(z‘,x,y,z)=fx(t,x,y,z)z°x +fy(t,x,y,z)fy + f.(t,x,9,2) fZ

Frequency domain

F(w,x,y,2) = F(0,x,y,2) fx +F (o, x,y,z)fy +F (o, x,y,z)fz

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

1D-IFT [ (txy,2) = —— | F(@,x,y,2)e""do
oy

—00
1 +00

»  1D-IFT -/, (6%, 9,2) = F (0,x,y,z)e’"dw

—00

F (w,x,y,z)

A 4

F (0,x,y,2)

F(w,x,y,z)

1 +00 .
> 1D-IFT ~f.(t.x,y,2) =5~ f F(o,x,y,z)e’"do
27 *
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Fourier Transform and vector functions of n variables

Time domain

I > w

f(t,x,y,z)zfx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz

Frequency domain

F(w,x,y,z) = F (w,x,y,2) fx +F (o, x,y,z)fy + Fz(a),x,y,z)fz

2) Time domain derivative and Fourier Transform I > w
f(t,%,9,2) —, FT ———F(o,x,y,2)
g_f SN FT —— joF(w,x,7,2)
V.f —— FT —— V- -F(w,x,,2)
Vxfe— FT —_— fo‘(a),x,y,z)
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Fourier Transform and vector functions of n variables

Time domain

I > w

f(x,y,z,t)zfx(x,y,z,t)fx +fy(x,y,z,t)fy + f.(x,,2,1) fz

Frequency domain

F(x,y,z,0) = F(x,y,z,w) fx +F, (x,y,z,a))fy + Fz(x,y,z,a))fz

2) Time domain derivative and Fourier Transform I > w
f(x,y,z,t) SN FT —_— F(x,y,z,a))
g_f —_— FT  ——— ja)f’(x,y,z,a))
V.f —— FT —_— V-F(x,y,z,a))
VXl e— FT —_ in’(x,y,z,a))
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Maxwell equations
/ " . . .
W' Time domain & Frequency domain

Time domain
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain

- I > o
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Maxwell equations

Time domain Frequency domain

Vxé(?,t):—abg’t) t

<Vxﬁ(F,t):adg’t)+](r,t) — 4

V-d(F,t)=p(F,1)

\V-B(F,t)zo

£(x,0,2,)) ——s T |——Ferze) |20

L
Vf — FT |—— VF(x).z0)
vif— [ T |— VxE(urzo)
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Maxwell equations
Time domain & Frequency domain

Frequency domain

Time domain
V(s ) =25
ot I —>w
4Vxﬁ(f,t)=adg:’t)+j(it) J
V-d(F,t)=p(F,t)
\V : B(i:,t) = O L
f(x,y.2,0) — FT > F(x,0.2.0) Ff—> o
- E— FT — JjoF(x,y.z,0)
V-f —— FT — V-F(x,),2,0)
f— FT e fo‘(x,y,z,m)

Vxf
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Maxwell equations
Time domain & Frequency domain

Frequency domain

Time domain
Vxs(F, ) - 2AE0)
o I > w
4Vxﬁ(f,t)=adg:’t)+j(it) J
V-d(F,t)=p(F,1)
\V'B(i:,t):() L
I—>w

— ﬁ'(x,y,z, o)

i:(xsy:\zz'{)_b FT
! FT |—— joF(r.z0)

—_— V. i‘(x,y,z,a))

FT

Vxf FT —— VxF(x,7,z.0)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxé(i‘,t)——abg’t) vV xE(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,t)
V-b(F,1)=0
f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
S—— | jeferzo

V.f —— FT —_— V-i‘(x,y,z,a))

a 4
Vxf — FT — VxF(x,y,z,m)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxé(i‘,t)——abg’t) vV xE(F,0)
-~ [ —> o
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,1)
V-b(F,1)=0
f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
2 —— T | jeFxy.zo)
V-f —— FT — V-F(x,),2,0)
Vxf — FT —_— fo‘(x,y,z,m)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxé(i‘,t)——abg’t) vV xE(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,t)
V-b(F,1)=0
f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
S—— | jeferzo

V.f —— FT —_— V-i‘(x,y,z,a))

a 4
Vxf — FT — VxF(x,y,z,m)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxé(?,t)_—abg’t) VxE(F,0) - joB(F,0)
= I —>w

4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F.1)

V-b(F,1)=0

f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
S—— | jeferzo

V-f —— FT — V-F(x,),2,0)

: a
Vxf —— FT — VxF(x y,z,m)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(f,0) - - job(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,t)
V-b(F,1)=0
f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
2 —— T | joFxy.z0)
Vf —s FT |— V' Fxyzo)
Vxf — FT —_— fo‘(x,y,z,m)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxé(?,t)_—abg’t) VxE(F,0) - joB(F,0)
= I —>w

4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F.1)

V-b(F,1)=0

f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
S—— | jeferzo

V-f —— FT — V-F(x,),2,0)

: a
Vxf —— FT — VxF(x y,z,m)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) =—joB(F.0)
L t > w .

Nxﬁ(f,t):adg’t)ﬁ(r,t) | VxH(F,0)
V-d(F,t)=p(F.1)

V-b(F,1)=0

f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
S—— | jeferzo

V-f —— FT — V-F(x,),2,0)

: a
Vxf —— FT — VxF(x y,z,m)
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' Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxé(?,t)——abg’t) VxE(f,0) - - job(F,0)
L t > w .
Nxﬁ(f,t):adg’t)ﬁ(r,t) | VxH(F,0)
V-d(F,t)=p(F,t)
V-b(F,1)=0
f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
2 —— T | joFxy.z0)
Vf —s FT |— V' Fxyzo)
Vxf — FT —_— fo‘(x,y,z,m)
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Time domain

Vxé(f,t)——abg’t)
4Vxﬁ(f,t)=adg’t)+j(it)
V-d(F,t)=p(F,1)
V-b(F,1)=0
fvy.z)—| 1 |——Fr.zo)
% — FT |—— joF(r.z0)
Vf —— T |/ VFx).z0)
Vb T — VxFyzo)
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I >0

Maxwell equations
Time domain & Frequency domain

Frequency domain
Vxﬁ(f,a)) = —ja)ﬁ(f,a))

Vxﬁ(f,a))




Maxwell equations
Time domain & Frequency domain

Time domain Frequency domain
Vxé(?,t)_—abg’t) VxE(F,0) - joB(F,0)
- t > o — o

(e =0 e [V<H(?.0) = job(F.0)
V-d(F,t)=p(F.1)

V-b(F,1)=0

f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
S—— | jeferzo

V-f —— FT — V-F(x,),2,0)

a a
Vxf — FT — VxF(x,y,z,m)
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' Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxé(?,t)——abg’t) VxE(f,0) - - job(F,0)
L t > . o
Wxﬁ(?,t):adg,t)ﬁ(r,t) | VXH(F,0) = joD(F.o)
V-d(F,t)=p(F,t)
V-b(F,1)=0
f(x,y.2,0) —— FT > F(x,0.2.0) Ff—> o
= —— P | jeferzoe
Vf —s FT |— V' Fxyzo)
Vxf — FT —_— fo‘(x,y,z,m)
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Time domain

Vxé(?,t)——abg’t)
wxﬁ(f,t)=adg’t)+j(f,t)
V-d(F,t)=p(F.1)
V-b(F,1)=0
fvy.z)—| 1 |——Fr.zo)
AT 7 — jeferze
V- ——s T |—— VFx.yp.z0)
xf— 1 T —— VxF(ry.z.0)
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I >0

e

' Maxwell equations
' Time domain & Frequency domain

Frequency domain

Vxﬁ(f,a)) = —ja)ﬁ(f,a))

Vxﬁ(?,w) = ja)ﬁ(f,a)) +J(F, o)




Time domain

Vxé(?,t)——abg’t)
wxﬁ(f,t)=adg’t)+j(f,t)
V-d(F,t)=p(F.1)
V-b(F,1)=0
fvy.z)—| 1 |——Fr.zo)
AT 7 — jeferze
V- ——s T |—— VFx.yp.z0)
xf— 1 T —— VxF(ry.z.0)
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I >0

e

' Maxwell equations
' Time domain & Frequency domain

Frequency domain

Vxﬁ(f,a)) = —ja)ﬁ(f,a))

Vxﬁ(?,w) = ja)ﬁ(f,a)) +J(F, o)




Time domain

Vxé(f,t)——abg’t)
4Vxﬁ(f,t)=adg’t)+j(it)
V-d(F,t)=p(F,1)
V-b(F,1)=0
fvy.z)—| 1 |——Fr.zo)
% — FT |—— joF(r.z0)
Vf —— T |/ VFx).z0)
Vb T — VxFyzo)
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I >0

Maxwell equations
Time domain & Frequency domain

Frequency domain

Vxﬁ(f,a)) = —ja)ﬁ(f,a))

Vxﬁ(?,w) = ja)ﬁ(f,a)) +J(F, o)




Maxwell equations

Time domain

Vxé(?,t)——abg’t)
4Vxﬁ(f,t)=adg’t)+j(it)
V-d(F,t)=p(F.1)
V-b(F,1)=0
fvy.z)—| 1 |——Fr.zo)
2—- T |[—— JjoF@nzo)
V- ——s T |—— VFx.yp.z0)
Vxf— T —— VxF(ryzo)
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I >0

Time domain & Frequency domain

Frequency domain
VxE(F,0) =—joB(F,0)
Vxﬁ(?,w) = ja)ﬁ(f,a)) +J(F, o)

V. B(f,m)




. Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > _ o L
|V xR(F,1) = 5d((91t',t) +i(70) < VxH(F,0) = joD(F,0) +J(,0)
- D(F

) V-D(F.0)

V-b(F,1)=0
1@.x.,2) F(o,x,y,2)

—— FT
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. Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > _ o L
|V xR(F,1) = 5d((91t',t) +i(70) < VxH(F,0) = joD(F,0) +J(,0)
- D(7t — 7

V-d(5,1)= p(F.1) V-D(F.0) =p(F.0)
V-b(F,1)=0
1@.x.,2) F(o,x,y,2)

—— FT
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Time domain

Vxé(?,t)——abg’t)
wxﬁ(f,t)=adg’t)+j(f,t)
V-d(F,t)=p(F.1)
V-b(F,1)=0
fvy.z)—| 1 |——Fr.zo)
AT 7 — jeferze
V- ——s T |—— VFx.yp.z0)
xf— 1 T —— VxF(ry.z.0)
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I >0

e

' Maxwell equations
' Time domain & Frequency domain

Frequency domain

Vxﬁ(f,a)) = —ja)ﬁ(f,a))




Time domain

Vxé(f,t)——abg’t)
4Vxﬁ(f,t)=adg’t)+j(it)
V-d(F,t)=p(F,1)
V-b(F,1)=0
fvy.z)—| 1 |——Fr.zo)
% — FT |—— joF(r.z0)
Vf —— T |/ VFx).z0)
Vb T — VxFyzo)
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I >0

Maxwell equations
Time domain & Frequency domain

Frequency domain

Vxﬁ(f,a)) = —ja)ﬁ(f,a))




Maxwell equations
Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(f,0) - - job(F,0)
IV xh(F,t)= adg’t) +j(F,1)
V-d(F,t)=p(F,t)
V-b(F,1)=0
f(x,y.2,0) —— FT > F(x,0.2.0)
2 —— T | joFxrzo)
Vf —s FT |— V' Fxyzo)
Vxf — FT —_— fo‘(x,y,z,m)

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 14 Marzo 2024



Maxwell equations
Time domain & Frequency domain

Time domain Frequency domain
Ve(r. )= ) VxE(f,0) = joB(F,0)
. t > o . L
1V xh(F,1) = adg’t)ﬁ(f,t) | VxH(F,0) = joD(F,) +J (F,o)
. V-D(F — (%
v-d(,1) = p(5,1) D(F.) =o(F.0)
Vb (F.0)=0 | Telim) =0
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Maxwell equations

Frequency domain

VxE(F,0) =—joB(T,0)

t > w _ N O
- V(50 () (1.0
V-ﬁ(f,a)) = p(F,0)
V'ﬁ(f,a)) =0
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Maxwell equations
Time domain & Frequency domain

Time domain Frequency domain
VXé(faf):_abg’t) VXE[F,Q)) =—jwﬁ(i‘,w)
e t > o ) D
{Vxh(F.,r)= adg?’) +j(E.1) JVxH(E,0) = joD(¥,0) +J(F,0)
(’ — ~
d V-D(r — o(r.o

V-d(r.t)=p(V.1) Ij(__r,ar) p(r.o)

\VB(FJ‘):O NV'B(I',C[)) :0

é(F,t)  Volt/m
d(¥,t)  Coulomb/m?
h(F,r)  Ampere/m
b(F,t)  Weber/m?
j(f,t) Ampere/m?
p(F,t)  Coulomb/m3
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Maxwell equations

Time domain Frequency domain
Vxé(fjf):_abg’t) VxE[F,o)) :—jwﬁ(F,a))
L t > o S D
{Vxh(r,r)= ad{.;’t) +J(1.1) JV>H @) = joD(F,0) +J(r,0)
@ — .
. V-D(r — .0
V(i) = p(F.1) D(r.0) =p(f.0)
\V-B(F,I):O EV-B(r,m) =0
é(r,r)  Volt/m E(F,0)
a(f,t) Coulomb/m? D (F,0)
ﬁ(f,t) Ampere/m T (F,0)
B(F,t) Weber/m? ﬁ(f,a))
j(f,t) Ampere/m? j(f,a))
p(F,t)  Coulomb/m? p(F, o)
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/o

Time domain Frequency domain
Vx€(r,t)= —ab(aj’t) Vxﬁ[i",o)) = —jwﬁ(?,w)
< { > o S S
IV xh(F.f)= a“g”’) +j(E0) | VxH(F.@) = joD(F,0) +](F, o)
(’ —g -

3 V'D ; _ : 1
V.d(5.f) = p(F.) gl =)
V-b(F,1)=0 V-B(F,0) =0

é(F,r)  Voltim E(F,0)

a(f,t) Coulomb/m? .memo

h(F,r)  Ampere/m

B(i:,l‘) Weber/m?2 Time domain

- Q)

j(¥.2) Ampere/m?

p(F,t)  Coulomb/m? F(w)=£f(f)e*"‘”'dr

, Maxwell equations
@2 Time domain & Frequency domain

Frequency domain

Fourier Transform (FT)
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j Al

Time domain
_db(r7)

ot
Vxh(F,t)= adg’t) +j(E.1)
V-d(r,t)=p(T.t)
V-b(F,1)=0

Vx€(r,t)=

A

é(F,r)  Volt/m
d(¥,t)  Coulomb/m?
h(F,r)  Ampere/m
b(F,t)  Weber/m?
j(f,;) Ampere/m?
p(F,t)  Coulomb/m?

I > o

, Maxwell equations
@2 Time domain & Frequency domain

Frequency domain
\% xE[F,o)) = —jwﬁ(?,w)
V x H(fa)) = jmﬁ(f‘,ﬂ)) +j(F, o)

V-D(r,0) = p(r,0)

V-ﬁ(i",m) =0

E(F,0) (Volt x s) /m

..memo

FT

Time domain Frequency domain

JS@) F(o)

Fourier Transform (FT)

F(o)= Tf(z‘) e’dt
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Time domain
_db(r7)

ol
v (e)= 20D e
V-d(r,t)=p(T.t)
V-b(F,1)=0

Vx€(r,t)=

A

é(F,t)  Volt/m
d(¥,t)  Coulomb/m?
h(F,r)  Ampere/m
b(F,t)  Weber/m?
j(¥.t)  Ampere/m?
p(F,t)  Coulomb/m?

I > o

Maxwell equations
® Time domain & Frequency domain

Frequency domain

V x E[F,o)) = —jwﬁ(?,w)

V x H(fw) = jmﬁ(f‘,ﬂ)) +j(F, o)

V-D(r,0) = p(r,0)

V-ﬁ(i",m) —0
E(f,a) (Volt x s) /m
D r,o

)
) (Coulomb x s)/m?
) (Ampere x s)/m

(Weber x s)/m?

(Ampere x s)/m?

(Coulomb x s)/m3
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Maxwell equations

Time domain Frequency domain
Vxé(?,t):_abg’t) Vxﬁ(?,a)) :—ja)ﬁ(F,a))
ad(7.1) L2l Y (F.0) = joD(F,0) +5(7
IV xh(F,t)= 81; +j(¥,2) JVX (F.0) = jo (F,0) +J(F, )
. V- -D(¥ — (%
v-d(,1) = p(5,1) D(F.) =p(F.0)
V-b(F,1)=0 V- BEE
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j. 7 &

Time domain

V(7 1) - 2NE0)
ot
BA(E,1) - Sl
IV xh(F,t)= &’ +j(¥,2)
V-d(F,t)= p(F,t)
V-b(F,1)=0
op(F,1) -

Maxwell equations
W2 Time domain & Frequency domain

Frequency domain
Vxﬁ(?,a)) :—ja)ﬁ(F,a))
VxH(F,0)= ja)ﬁ(f,a)) +3(F,a))

(F.)

Il
i)
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Maxwell equations
& Time domain & Frequency domain

Time domain Frequency domain
Vxé(?,t)——abg’t) Vxﬁ(?,a)) :—ja)ﬁ(f,a))
i ) P L

<fo1(?,t): g’t)+](r,t) J VX (l',a))=]a)D(r,a))+J(r,a))

. V-D(F — (%
v-d(,1) = p(5,1) D(F.) =p(F.0)
V-b(F,1)=0 V- BEE

apé:’t)+v ](r,t):O jwp(?,a))+V-j(F,a)):O
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Phasors

Time domain Phasor domain

f(t)=Acos(ayt+a) F=Ae™

Signals usually adopted in ICT applications

——— f(t)=Acos(2zfyt+a)
+“—>

A AN ,
\/ v \ ime f05ﬁ”€6]uency=%

@y : angular frequency =2 f,
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Phasors

Time domain Phasor domain

f(t)=Acos(ayt+a) F=Ae™

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

2) Time domain derivative and Phasors
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Phasors
Phasor domain

Time domain

f(t)=Acos(ayt+a) F=Ae™

f(t)=Acos(ayt+a) T-to-P I

v

F= A’ P-to-T :f(t):Re{Fej“’Ot}:Acos(a)ot+a)

v
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Phasors
Time domain Phasor domain

f(t)=Acos(ayt+a) F= 4o

... memo ..

J @ FT F(o)
. . < .- L FT JoF (@)
2) Time domain derivative and Phasors dt
1 (@) o[ T-to-P . F
df (1) .
> -to- > o F

dt T-to-P - @, now is fixed!
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Phasors

- Phasors and functions of n variables
- Phasors and vector functions

- Phasors and vector functions of n variables

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

2) Time domain derivative and Phasors
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Phasors

- Phasors and functions of n variables
- Phasors and vector functions

- Phasors and vector functions of n variables

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

2) Time domain derivative and Phasors

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 14 Marzo 2024



Phasors and vector functions of n variables

Time domain

f(t,x,y,z):fx(t,x,y,z)fx +fy(t,x,y,z)z°y +fz(t,x,y,z)fz
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Phasors and vector functions of n variables

Time domain
f(t,x,y,2)= fx(t,x,y,z)fx +fy(t,x,y,z)z°y + f.(¢,x,9,2) fz ~

Phasor domain

F(x,y,z)= F (x,y,z)fx <+ Fy(x,y,z)fy ok Fz(x,y,z)fz
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Phasors and vector functions of n variables

Time domain
f(t,x,y,2)= fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,9,2) fz ~

Phasor domain

F(x,y,z)= F (x,y,z)fx <+ Fy(x,y,z)fy ok Fz(x,y,z)fz

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 14 Marzo 2024



Phasors and vector functions of n variables

Time domain
f(t,x,y,2)= fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,9,2) fz ~

Phasor domain

F(x,y,z)= F (x,y,z)fx <+ Fy(x,y,z)fy ok Fz(x,y,z)fz
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Phasors and vector functions of n variables

Time domain
f(t,x,y,2)= fx(z‘,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,9,2) fz ~

Phasor domain

F(x,y,z)= F (x,y,z)fx <+ Fy(x,y,z)fy ok Fz(x,y,z)fz
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Phasors and vector functions of n variables

Time domain
f(t,x,y,z) = fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz s y

Phasor domain

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

f(t,x,y,z) T-to-P > F()C,y,Z)

v

f(t,x,y,2) = f.(t,x,3,2)i + f,(t, %, p,2)i, + f.(t,X,9,2)i, =
= A (x,y,z)cos(w,t +a, (x,y,z))fx +
A, (x,9,2) cos(a)0 t+a, (x,y,z))fy +

Az(x,y,z)cos(a)o r+ az(x,y,Z));z

F(xay,Z) = Fx (X,y,Z)fx +Fy (x,y,Z);y -I-F; (xayaz)l’; —
- AX ('x’y’Z)ejaX(x,y,Z)fx + Ay (X, y’Z)ejay(x,y,Z){y + AZ (xa Yo Z)ejaz(x’y’z);

z
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Phasors and vector functions of n variables

Time domain

f(t,x,y,z)zfx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz

‘ Phasor domain
F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

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

Fx (x, y,Z) = Ax (x,y,z)ejax(x,y,z)
> P-to-T >

F (x,y,z)=A4, (x’y,Z)ejay(X,y,Z)
> P-to-T >

}72 X, YV, 2 )= Az X, Y,z €jaz(x’y’z)
| = ) > P-to-T .
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Phasors and vector functions of n variables

Time domain

f(t,x,y,z)zfx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz

‘ Phasor domain
F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

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

Fx (X,y,Z) = Ax (xay,Z)ejax(x,y,Z) f;c (t,x,y,Z) = RC{F; (x,y,z)eja)ot }
> P-to-T >
B (53:2)= 4, (5,2)e
> P-to-T >
}72 X, V,z :Az X, Y,z €jaz(x’y’z)
| = ) > P-to-T .
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Phasors and vector functions of n variables

Time domain

f(t,x,y,z)zfx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz

‘ Phasor domain
F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

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

/& (x,y,Z) = A, (xay,Z)ejax(x,y,Z) f. (t,x,y,z) = RC{F; (x,y,z)efa’of }
> P-to-T >

F(%,3,2) = 4, (x,7,7) e 1, (6,%,,2) =Re{F, (x,y,2) e |
> P-to-T >

F.(x,y,z)=4, (xayaz)ej%(x’y’z) f(tx,p,2)= Re{FZ (x,p,z)e’™ }
> P-to-T >

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 14 Marzo 2024



Phasors and vector functions of n variables

f(t,x,y,z)zﬂc(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz

-

Time domain

Phasor domain

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

F(x,,z)

P-to-T

. f(t,x,y,z) = Re{

F

(x.1.2)

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

eja)of }

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 14 Marzo 2024



Phasors and vector functions of n variables

Time domain
f(t,x,y,z) = fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz s y

Phasor domain

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

2) Time domain derivative and Phasors

f(t,x,y,z) F(x,y,z)
—_— T-to-P [—
of
o T-to-P |/
&) »| Ttop |—— JOF (x.).2)
ot
8i:(t,f) _Of, » o, . o : %, > T-to-P — Jjoyk, (x’y’z)
= lx aF 1 + lZ 61‘
ot ot ot~ ot
AU, ol  Ttop |—JOF.(x,),2)
ot
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Phasors and vector functions of n variables

Time domain
f(t,x,y,z) = fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz s y

Phasor domain

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

2) Time domain derivative and Phasors

f(taxayaz) F(x,y,Z)
——| TitoP |[—
of JOF(x,y.2) = JouF,(x,9.2)i, + jo.F, (x,y,2)i, + jao,F.(x,.2)L,
5 — T-to-P |/
@[xa(t) »| Ttop |—— JOF (x.).2)
¢
8f(t,f) af;c 2 afy 2 afz 2 afy (t) > T-to-P — ja)oFy (xayaz)
= lx =F 1.+ lZ 8t
ot ot ot ot
8fza(t) T-to-P —>J'won(X’y»Z)
t

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 14 Marzo 2024



Phasors and vector functions of n variables

Time domain
f(t,x,y,z) = fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz s y

Phasor domain

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

2) Time domain derivative and Phasors

f(t,x,y,z) F(x,y,Z)
—— T-toP [—
Vi: V'F(X,y,Z)
——  TtoP |—
of OF (x,y,2)
L — T-to-P >
ax (9x
r R A of OF,(x,,2)
V-f(t,F)=—"2+—"+== —
( r) ox ay Oz a; —l T-to-P ay
of. OF,(x,¥,2)
—F — T-to-P >
0z 0z
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Phasors and vector functions of n variables

Time domain
f(t,x,y,z) = fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz s y

Phasor domain

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

2) Time domain derivative and Phasors

f(t,x,y,z) F(x,y,Z)
——| TtoP |—

Vxf V xF(x,3,2)
— T-to-P [—

Vi (s f):(%_%jf +(%_%j; +[%_%j5
' oy oz )" \6z ax )’ \ox oy )°
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Phasors and vector functions of n variables

Time domain
f(t,x,y,z) = fx(t,x,y,z)fx +fy(t,x,y,z)fy + f.(¢,x,,2) fz s y

Phasor domain

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

2) Time domain derivative and Phasors

i:(taxayaz)_b T-tO-P -_— F(x,y,z)

of i
E — T-to-P e .]a)OF(xayaz)

Vf E— T'tO'P e V‘F(X,y,Z)

73 V x F(x,y,z)

Vxf—  Tto-p |—
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Phasors and vector functions of n variables

Time domain
f(x,y,2,0) = f.(x,y,2,0)i_+ [y, 2,00 + f.(x,3,2,t) 0. S y

Phasor domain

F(x,y,z) =F (x,y,z)fx +F, (x,y,z)fy + Fz(x,y,z)lz

2) Time domain derivative and Phasors

f(x,y,z,t) s T-to-P |[— F(x,,z)

of i
E — T-to-P e .]a)OF(xayaz)

Vf E— T'tO'P e V‘F(X,y,Z)

73 V x F(x,y,z)

Vxf—  Tto-p |—
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