


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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Divergence

= b

- Scalar quantity
- Its value DOES NOT DEPEND on the coordinate system we have chosen

- Its analytical expression DEPENDS on the coordinate system we have chosen
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Gauss theorem
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[[[avv-A(¥) =qpds A(
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Curl

- Vector quantity
- Its value DOES NOT DEPEND on the coordinate system we have chosen

- Its analytical expression DEPENDS on the coordinate system we have chosen
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Curl

Stokes theorem

[[dS(VxA(F))-fi=dcA(F)-&

S C
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Cartesian Coordinates
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Spherical Coordinates

A(F,0)=A4,(r,9,0,0)i, + Ag(r,9,0,1)ig+ 4, (r,9,0,1)i,

1 04,
rsing op

- .y 1 0 1 o0 ,.
V'A(r):r_zg(’”zflr)“L T a5d (sin94,)+

1 o, o4, . 1[ 1 a4 o, \]. 1[0 24,7
VXA(r):rsing{ag(sm‘%’)_@—;}r+?Lin.9 agp_ar('”Aﬂ’)}‘ﬁ?{a_(rAg) }‘f’
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Maxwell equations

Differential form

James Clerk Maxwell 1831-1879
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Maxwell equations: integral form
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.. mathematical tools that we will exploit today...

I) Gauss theorem S

[[[avv-A(F) =qpas A(F) - @“

Il) Stokes theorem

=
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.. mathematical tools that we will exploit today...

I) Gauss theorem S

[[[avv-A(F) =qpas A(F) - @“

Il) Stokes theorem

=
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Maxwell equations: integral form
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Maxwell equations: integral form

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 11 Marzo 2024



Maxwell equations: integral form
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Maxwell equations: integral form

Stokes Theorem

§ A
- - <
ds A(F))-n=PdcA(r)-¢
J; (Vx (r))n SCBC (r)c 6 .
&
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Maxwell equations: integral form

Stokes Theorem

§ A
- - <
ds A(F))-n=PdcA(r)-¢
J; (Vx (r))n (fc (r)c 6 .
&
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Maxwell equations: integral form

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 11 Marzo 2024



Maxwell equations: integral form

N A
)
A
C
C

Lenz-Neumann law

A d
.c:__

V x€é(F,t)=— 1) # <£>dcé(?,t) dtJ;IdSB(f,t).ﬁ
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Maxwell equations: integral form

N A
)
A
C
C

Lenz-Neumann law

A d
.c=__

V x€é(F,t)=— ) # <£>dcé(?,t) dtJ;IdSB(f,t).ﬁ

...considerations

d =\ A
Stationary fields (E=Oj ) CJSdce(r)-c=0
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Maxwell equations: integral form

N A
)
A
C
C

Lenz-Neumann law

A d
.c=__

V x€é(F,t)=— ) # {deé(if) dtjsjdsf)(f,,;).ﬁ

...considerations

Stationary fields (%=0) ) cﬁdcé’(f).ézo Kirchhoff’s second law
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Maxwell equations

Differential form Integral form
: o S -
Vxé(?,t):—abg’t) {fdce(l‘,t)-c=—ELIdSb(r,t)-n
_ od(¥,t) -
<V><h(f,t)_ g,t)-l-j(r,t) <
V-d(F,t)=p(F,t)
V-b(F,r)=0

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 11 Marzo 2024



Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form

Stokes Theorem

§ A
- - <
ds A(F))-n=PdcA(r)-¢
J; (Vx (r))n (fc (r)c 6 .
&
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Maxwell equations: integral form

Stokes Theorem

§ A
- - <
ds A(F))-n=PdcA(r)-¢
J; (Vx (r))n (fc (r)c 6 .
&
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form

§ n
%)
¢
&
Ampere-Faraday law
Vxh(¥,t) = Gdg’t) +j(f.t) mmp Sﬁdcrl(f‘af)'é =%”dsa(it)'ﬁ+i(t)
C S
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Maxwell equations

Differential form Integral form
- - g e A d L ,\
Vxé(?,t):—abg’t) gcﬁdce( ,t)-c:—EJ;deb(r,t) f
- - . d 5 A .
<V><ﬁ(?,t)_adg’t)+j(r,t) <(i>dch(r,t) c=jt'gde(r,t)-n+z(t)
V-d(F,t)=p(F,t)
V-b(F,r)=0
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form

>

Coulomb law
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Maxwell equations

Differential form Integral form
- ( L A d . X
vXé(m):_abélt‘,t) gfdce(r,t) c=—EJ;deb(r,t) )
- - . d 5 A .

<V><ﬁ(?,t):adg’t)+](r,t) <(i>dch(r,t) c:jt'gde(r,t)-n+l(t)
V-d(5,1) = p(F.1) {pdsd(F,r)-hi=q()

- S
V-b(¥,t)=0
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form
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Maxwell equations: integral form

>
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Maxwell equations

Differential form Integral form
- ~ g - A d L ,\
Wé(*,t):—abg’t) gfdce(r,t)-c:—E.JdSb(r,t) i
_ _ od e - A
: F.f) deh (F.0)-¢ == ([dsd(F,1)-h+i
<V><h(f,t)—adg’t)+J(r,t) <c_f ch(F,t)-¢ ar . (F,7)-n+i(7)
V-d(7.1)= p(F.1) fpasd(r.1)-h=q0)
S
V-b(F.7)=0 fbdsb(.1)-h =0
Y
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.. mathematical tools ...
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Maxwell equations

Differential form Integral form
- op(T,t)
V-j i:,f +—2==0
J(F1)+—
Current density equation Current density equation
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Maxwell equations

Differential form Integral form
- op(T,t)
V-j i:,f +—2==0
J(F1)+—
Current density equation Current density equation

Gauss theorem . )
[[[dvv-A(F) ={pds A(F)-h @
14 S
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Maxwell equations

Differential form Integral form
F dp(F.t) - dq(0)
V-j(r,t)+——==0 dSJ =0
i(E)+—7 @ dt
Current density equation Current density equation

S

Gauss theorem )
j j j dVV-A(F <J°_j>dSA @
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Maxwell equations

Integral form

e\ oA, dq(?)
dS ° =0
<_EJ§ j(¥,2)-n+ o

Current density equation
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Maxwell equations

Integral form

e\ oA, dq(?)
dS ° =0
<Ef> j(¥,2)-n+ o

Current density equation

...considerations

Stationary fields (%=0) ) {ﬁSa’S](F)-ﬁ =0 Kirchhoff’s first law
S
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Maxwell equations

Differential form Integral form
- ( o A d L X
v x&( ,t)__ab(r,t) Cv‘Sdce(r,t)-cz—E.J‘dSb(r,t) n
Ot C p S
B, od(%,t) - deh(t,1)-¢ =—[[dSd(F,¢)-n+i(s
V() =00 gy G ey JJaain o
V-d(7.0)= p(F.1) fpasd(r.)-h=q0)
S
V-b(F,t)=0 {pdSb(¥,t)-A=0
Y
3.0+ 2251 co o da()
V-l(r, =0 ds j(r, =0
j(F,1)+ ~ <Ej> S j(r,¢)-n+ o
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Maxwell equations: Time domain,
Frequency domain, Phasors

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 11 Marzo 2024



Frequency domain

”~ N

Time domain Frequency domain

Q)
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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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