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New formulas, important considerations,
important formulas, important concepts

Very important for the discussion

Memo

Mathematical tools to be exploited
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Poynting theorem (TD)

_ . - Watt Hypotheses on the medium
S(¥,1) =¢é(F,1)xh(F,7) Poynting vector [5]: > ier
- Local (TND & SND)
- Isotropic

= Time-invariant

% jﬂde(F,t) ¥ jijdvpj(f,t) = j [av p,(¥.1) 7

dA

P(0)+2 W () + B, ()= By (1) V

w(r,t) = %y‘ﬁ‘z + %g‘é‘z Energy density of the e.m. field == J._UdV W(f,t) = W(t) Energy of the e.m. field
V

Power dissipated in the

- -2 . =4 —
D, (F,1) = o"e‘ Power density dissipated in the conducting medium wp IlIdej (¥,r)= P, (1) conducting medium

Power delivered by the

Do (f,f) =— jo € Power density delivered by the sources to the field _[”dV Do (f,t) =P (t) sources to the field
!
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Poynting theorem (TD)

MEMO: Fields at boundaries

S f,t) — é(f,l‘) x l_i(i:,t) Poynting vector [‘S’] :% One example: the medium 1 is a PEC
nx(é,—¢)=0
Hypotheses on the medium (b, B)=1
- Linear (d,-d,)-h=p,
- Local (TND & SND) (,-B,)-i =0
- Isotropic (.-} )_ﬁ:_ap.,

ot
= Time-invariant
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Poynting theorem (PD)

=7 Watt
Poynting vector [S]: nfz

Phasor domain



Poynting theorem (PD)

Hypotheses on the medium (TD)

S(F) =—| E(F)xH'(F) | Poynting vector [S] : Wazﬂ

m - Linear
- Isotropic

= Time-invariant

- Local (TND & SND)

(d(¥,0)=(F)&(F,1)
{b(E,t)= p(F)h(F,1)
()= 0€(F,1)
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Poynting theorem (PD)

Hypotheses on the medium (TD)

S(F) =—| E(F)xH'(F) | Poynting vector [S] : Wazﬂ

m - Linear
- Isotropic

= Time-invariant
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Poynting theorem (PD)

Hypotheses on the medium (PD)

S(F) =—| E(F)xH'(F) | Poynting vector [S] : Wazﬂ
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- Isotropic

= Time-invariant
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Poynting theorem (PD)

Hypotheses on the medium (PD)
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Poynting theorem (PD)

Hypotheses on the medium (PD)

S(r) = %[E(f)x H'(F)] Poynting vector [S] : Wazﬂ

m - Linear

- Isotropic

- Time-invariant
-Time-Dispersive
-Space-Nondispersive
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Poynting theorem (PD)

Hypotheses on the medium (PD)

— 1 =/ = ks, A = . Watt
S(r) = E[E(r)XH (r)] Poynting vector [S] - Linear
- Isotropic
S(r) =S,(r) + jS,(r) - Time-invariant

-Time-Dispersive
-Space-Nondispersive
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Poynting theorem (PD)

l1r _ ~— Waltt Hypotheses on the medium (PD)
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- Isotropic
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Poynting theorem (PD)

Hypotheses on the medium (PD)

= 1 = [ — %k, . = . Watt
S(r) = E[E(r)XH (r)] Poynting vector [S] - Linear
- Isotropic
S(r) =S,(r) + jS,(r) - Time-invariant
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Poynting theorem (PD)

e _ .~ Watt Hypotheses on the medium (PD)
S(r) = E[E(f)x H (f)] Poynting vector [S] ; - - Linear
- Isotropic
S(r) =S,(r) + jS,(r) - Time-invariant

-Time-Dispersive

-Space-Nondispersive

= (= A 0 I =2 1 p =2 < - D
pansa)i o & (Jav | Ll + 3o [ ([ avols -—{ffavi
f oty 2 2 % b
| Y & Y A G Y
\ N \ |
Power flux associated Time derivative _Power d|s3|pa?ed Power delivered
of the energy of in the conducting by the sources

to the e.m. field . - .
the e.m. field medium to the field _ _ - _
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S(F) = %[E(F)xﬁ* ()]

S(i:) = Sl(i:) +jsz(i:)

assen) i + L [ffav| Sulif + oot | +[Javolf =-[[fav e

Poynting theorem (PD)

Poynting vector

Hypotheses on the medium (PD)

|: S] : Waztt

m - Linear

- Isotropic

= Time-invariant

-Time-Non Dispersive
-Space-Nondispersive

D

J

T J \\ T J T Y
\ ~ \
. Time derivative Power dissipated
Power flux associated . .
of the energy of in the conducting

to the e.m. field

Jicianv i ciiia WVINVCIJILA I dI LI

the e.m. field medium

nupye HISEHIITHIA HUVIIALIVA) DIVIIICUILA © UCHIC 1 Lw

Power delivered
by the sources

to the field _ _ - _
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. ...MEMO : phasors and time averages
Poynting theorem . :

f(f,)) — F()
f,(f,1) —— E,(r)

<i(f,z)~f2(f,r)>—%}ﬁ(f,z)~fz(f,z)dz :%Re{mf)-ﬁ;(f-)}

<i(f,z)xfz(f,t)>:Hf.(f,t)xfz(f,t)dt %Re{ﬂ(f)x#;(f)}

s s o L ffor S5 | v ={flv < N

T Y " ° Y ’

\ N Vo _
Power flux associated T;Tﬁ de""at“": iF:‘o:\rI‘er d':ds'pifed :ov:t:‘r delivered
to the e.m. field of the energy o e conducting y the sources

the e.m. field medium

cnvpye migegIIciIia nuvinng

to the field
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. ...MEMO : phasors and time averages
Poynting theorem : ;

f(r,) — F(F)

f,(f,1) —— E,(r)

<ﬁ(f,z)~f2(f,r)>—%}ﬁ(f,z)~fz(f,z)dz :%Re{ﬂf)-ﬁ;(f-)}

<i(f,z)xfz(f,t)>:Hf.(f,t)xfz(f,t>dt %Re{ﬂ(f)x#;(f)}

s s o L ffor S5 | v ={flv < N

Y Y Y T Y_
\ N ‘o |
Power flux associated Time derivative _Power dlssma?ed Power delivered
: of the energy of in the conducting by the sources
to the e.m. field . .
the e.m. field medium

to the field

cnvpye HISEHIITHIA HUVIIALIVA) DIVIIICUILA © UCHIC 1 Lw
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MO : phasors and time averages
Poynting theorem (PD)

fi(f,) —— E(©)

f,(f,1) —— E,(r)

<ﬁ(f,z)~f2(f,r)>—%fﬁ(f,z)~fz(f,z)dz :%Re{E@)-F;(f-)}

<i(f,z)xfz(f,t)>:Hf,(f,t)xfz(f,t>dt %Re{ﬂ(f)x#;(f)}

e Lffar ol | ffloreid - fvie T

J \ J \ ¢ J
\f Y ) Y
\ N ‘o |
Power flux associated Time derivative _Power d|s3|pa?ed Power delivered
: of the energy of in the conducting by the sources
to the e.m. field . .
the e.m. field medium

to the field

cnvpye HISEHIITHIA HUVIIALIVA) DIVIIICUILA © UCHIC 1 Lw
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S(F) = %[E(F)xﬁ* ()]

S(i:) = Sl(i:) +jsz(F)

assen) i + L [ffav| Sulif + oot | +[Javolf =-[[fav e

Poynting theorem (PD)

Where is the energy?
Remember that the energy is a state function

tjdt%w(t) — (e, )= ()

Hypotheses on the medium (PD)

- Linear
- Isotropic

- Time-invariant

-Time-Non Dispersive
-Space-Nondispersive

D

J

1 A Y g Y Y
\ N \
Power flux associated Time derivative _Power d|s3|pa?ed
of the energy of in the conducting

to the e.m. field

Jicianv i ciiia WVINVCIJILA I dI LI

the e.m. field medium

nupye HISEHIITHIA HUVIIALIVA) DIVIIICUILA © UCHIC 1 Lw

Power delivered
by the sources

to the field _ _ - _
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S(F) = %[E(F)xﬁ* ()]

S(i:) = Sl(i:) +jsz(F)

pats (e + Z{[fav| Sulif + ele |+ Jf[avole

Poynting theorem (PD)

Poynting vector

Hypotheses on the medium (PD)

|: g] : Waztt

- Linear

m

- Isotropic

- Time-invariant

-Time- Dispersive
-Space-Nondispersive

= jﬂdV}o-é

y) N

D

J

1 A Y g Y Y
\ N \
Power flux associated Time derivative _Power d|s3|pa?ed
of the energy of in the conducting

to the e.m. field

Jicianv i ciiia WVINVCIJILA I dI LI

the e.m. field medium

nupye HISEHIITHIA HUVIIALIVA) DIVIIICUILA © UCHIC 1 Lw

Power delivered
by the sources

to the field _ _ - _
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Poynting theorem (PD)

5]

Hypotheses on the medium (PD)

S(F) = %[E(f) xH" (i")] Poynting vector - Linear

- Isotropic

- Time-invariant

S(i:) - Sl(i:) + jsz(F) - - -
-Time- Dispersive

-Space-Nondispersive

LOSSES
(&) electric losses
(1) magnetic losses

>0, 14,>0;,0>0

Dispersion and losses are related each other: a (time) dispersive medium
presents losses
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Poynting theorem (PD)

Hypotheses on the medium (PD)

= 1 = [ — %k, . = . Watt
S(r) = E[E(r)XH (r)] Poynting vector [S] - Linear
- Isotropic
S(r) =S,(r) + jS,(r) - Time-invariant

-Time-Dispersive
-Space-Nondispersive
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...MEMO : phasors and time averages

1 — 20 1ting theorem (PD)

£,(F,)) ——— F,(F)
Hypotheses on the medium (PD)

-7 Watt
iting vector [S]i ’:2 - Linear

(f,(r',r)-fz(r',t)>=%Ifl(r;t>fz(ryr)dr %Re{ﬁ,(r')i;(r')}
<fl(f,z)xf2(f,z)>:lif;(f,t)xfz(f,t)dt :lRe{E(f)xF;(f)} IS

T 2 - Time-invariant
-Time-Nondispersive
-Space-Nondispersive
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Poynting theorem (PD)

1r- _ ~— Waltt Hypotheses on the medium (PD)
S(r) = E[E(f)x H (f)] Poynting vector [S] ; - - Linear
- Isotropic
S(r) =S,(r) + jS,(r) - Time-invariant

-Time-Nondispersive

-Space-Nondispersive

Time averaged magnetic
energy density
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