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Mathematical tools to be exploited
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Poynting theorem (TD)

n -+ Watt Hypotheses on the medium
S(F,1) = &(F,t)xh(F,¢) Poynting vector [5]:— - Linear
- Local (TND & SND)
- - - - - Isotropic
Vs (r,t) " aw(r’t) TP, (r’t) — Po (r’t) - Time-invariant
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Power dissipated in the
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D, (F,1) = o"e‘ Power density dissipated in the conducting medium wp IlIdej (¥,r)= P, (1) conducting medium

Power delivered by the

12 (f,f) == jo ‘€ Power density delivered by the sources to the field == ”jdV Po (f,t) = P(t) sources to the field
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THEOREMS

Poynting

Time domain — Phasor domain

Uniqueness (Interior problem — Exterior problem)

Time domain — Phasor domain

Equivalence

Phasor domain
Image Theory

Reciprocity
Phasor domain
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Mathematical tools that we will exploit today
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Poynting theorem (PD)

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

Phasor domain
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Poynting theorem (PD)

_ lr- _ .+ Watt Hypotheses on the medium (TD)
S(r) = E[E(f)x H (f)] Poynting vector [S] ; 3 Linear
- Isotropic

= Time-invariant

- Local (TND & SND)

(d(¥,0)=&(F
Ib(E,1)= u(F
(i(F.)=0¢

Jé(F.1)
£)h(F.1)
(F.1)
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Poynting theorem (PD)

_ lr- _ .+ Watt Hypotheses on the medium (PD)
S(r) = E[E(f)x H (f)] Poynting vector [S] ; 3 Linear
- Isotropic

= Time-invariant
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Poynting theorem (PD)

Hypotheses on the medium (PD)

P I S : <1 Watt
SO-1[BEE)]  Poyntingvector  [$]
- Isotropic

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

Hypotheses on the medium (PD)

= = 1 = [ — = % . = . Watt
S(r) = E[E(r)XH (r)] Poynting vector [S] - Linear

- Isotropic
g(f) = gl(f) + ]§2 (r) - Time-invariant

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

Hypotheses on the medium (PD)

= e 1 = 7 —> % s, . = . Watt
S(r) = E[E(r)XH (r)] Poynting vector [S] - Linear

- Isotropic
g(f) = gl(f) + ]§2 (r) - Time-invariant
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Poynting theorem (PD)

5]

Hypotheses on the medium (PD)

- Linear

S(F) = %[E(F) xH" (f)] Poynting vector
- Isotropic
g(f) = gl(f) + ]§2(i~’) -:imegr'lvariar.lt
-Time-Dispersive

-Space-Nondispersive

TD
s(r —|2 < -
fass(en) s + L fffar] 3ol ekt | fforele —{ffvi <
A v v
| 1 Y Y Y
\ N Voo N
Power flux associated Time derivative _Power d|s3|pa?ed Power delivered
to the e.m. field of the energy of in the conducting by the sources
T the e.m. field medium to the field
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Poynting theorem (PD)

5]

Hypotheses on the medium (PD)

- Linear

S(F) = %[E(f) xH" (f)] Poynting vector
- Isotropic
S(F) = §1(i-') n jgz(f) - Time-invariant
-Time-Non Dispersive

-Space-Nondispersive

TD
s(r —|2 < -
CfggdAs(r 3] +—j”dV[ ‘h‘ +— g|e| }+J‘”dVo-|e| =_J'J'jdVJ0.e
A v v
| 1 Y Y Y
\ N Voo N
e G SRR Time derivative _Power d|s3|pa?ed Power delivered
to the e.m. field of the energy of in the conducting by the sources
o the e.m. field medium to the field
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. ...MEMO : phasors and time averages
Poynting theorem

£(f,)) —— E(r)

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)}

pdas(¥,t)- =—[[[ar ], €
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i+ (v gl et |{fJavolel

. Tim rivativ Power dissipated Power delivered
Power flux associated e derivative . P .
. 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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Power flux associated Time derivative _Power dlssma?ed
: of the energy of in the conducting
to the e.m. field - -
the e.m. field medium
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Power delivered

by the sources
to the field
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Power delivered

by the sources
to the field
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Poynting theorem (PD)

Where is the energy? Hypotheses on the medium (PD)

= e 1 = [ — Tk
S(F) =—| E(F)xH'(F)] . . - Linear
2 Remember that the energy is a state function
% 0 - Isotropic
S(F) =S, (F) + jS, (F) I dt gw(f )=w(t,)-w(t) - Time-invariant
-Time-Non Dispersive

-Space-Nondispersive

TD
—|2 T =
s s o S5l |sfffvoi =i
4 14
1 Y Y Y
\ N Voo N
Power flux associated Time derivative _Power d|s3|pa?ed Power delivered
to the e.m. field of the energy of in the conducting by the sources
T the e.m. field medium to the field
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Poynting theorem (PD)
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Hypotheses on the medium (PD)

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

- Isotropic

g(f) = gl(f) + ]§2(f) --I'-Ijime;;r'lvariar.lt
-Time-Dispersive

-Space-Nondispersive
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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(F) =S, (F) + /S, (F) e
-lime- vispersive

-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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