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e]:1°
-7 Ampere
)=,

p(t)=v(t)xi(t)

Watt = Volt x Ampere

Poynting vector

:p(t)] : Watt
:v(t)] Volt

:i(t)] : Ampere
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Poynting theorem (TD)

. Volt x Ampere  Watt

2 2
m m
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Poynting theorem (TD)

Watt

§(F.0) = &(F,¢)xh(F.1) Poynting vector [5]: e

Time domain - Differential form

Vxa(F, ) = 2AE0)
ot
IV xh(F,t)= adg’t) +§(F,0) + J, (1)

V-[K(F)xﬁ(?)]=ﬁ(f)-[VxK(?)]—K(F)-[Vxﬁ(?)]
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Poynting theorem (TD)

Watt Hypotheses on the medium

S(F,t) = 6(T,t)xh(F,¢) Poynting vector [5]: e - Linear

- Local (TND & SND)
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Poynting theorem (TD)

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

= Time-invariant
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Poynting theorem (TD)

B - - _ ~|2
e 8(8e) —e- g@ = ce- @ = l(c" _5|e| Why isotropic? Hypotheses on the medium
. ot ot ot 2 ot - Linear
_ - = 7 = - Local (TND & SND)
= . . A’.[B-C|=[B-C]| ‘A
SECCII A [2¢)-{eC]
B ot ot ot AT [B . (_i‘] + I:B . ;&]T .C - Time-invariant
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Poynting theorem (TD)

. ) -+ Watt Hypotheses on the medium
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
- Local (TND & SND
o o(l =2 1 _p —[2 < = (_ )
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Poynting theorem (TD)

. ) . Watt Hypotheses on the medium
S(¥,1) =¢é(F,1)xh(F,7) Poynting vector [5]: > T
- Local (TND & SND
. 01 -2 1 _p 12 - (_ )
V.-s+— —,u‘h +—5‘e‘ +G‘e =—]J,-€ - Isotropic
ot\ 2 2

= Time-invariant
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Poynting theorem (TD)

B _+1 Watt
Lo = = Poynting vector [5]3 a2

m

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC

Hypotheses on the medium

- Linear
- Local (TND & SND)

- Isotropic

= Time-invariant

_F}:Newton

-7 Newton
f|.——
=

- dL] : Jou3[e

- m

_dL] Joule  Watt
| dt | seexm®  m’
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Poynting theorem (TD)

Poynting vector
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Watt Hypotheses on the medium
2 - Linear
m
- Local (TND & SND)
- Isotropic

= Time-invariant

Power density delivered
by the sources to the field
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Poynting theorem (TD)

. ) -+ Watt Hypotheses on the medium
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
- Local (TND & SND
o o(l =2 1 _p —[2 < = (_ )
V-s+— —,u‘h +—8|e| +0'|e =—],-€ - Isotropic
ot\ 2 2

= Time-invariant

€l-— p(t)=v(t)-i(t) = Ri*(t) = V()
n R

[q] Volt

Volt*

[0']: Siemens = ! Watt = Q Ampere® =

m Qm
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Poynting theorem (TD)

~ ) - Watt Hypotheses on the medium
S(F,1) = &(F,t)xh(F,¢) Poynting vector [5]:— - Linear
- Local (TND & SND)
~ o0l =2 1 _p |2 < = .
V.-s+— —,u‘h‘ +—5‘e‘ +G‘e‘ =—]J,-€ - Isotropic
ot\ 2 2 .
- Time-invariant
. 01 ~2 1 e 12 < -
V.-s+— —y‘h‘ +—5‘e‘ +G‘e‘ =—J,-¢€
ot \ 2 2
\ T J \ T J
pj s \
Power density dissipated Power density delivered
in the conducting medium by the sources to the field
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Poynting theorem (TD)

. ) -+ Watt Hypotheses on the medium
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
- Local (TND & SND
o o(l =2 1 _p —[2 < = (_ )
V-s+— —,u‘h +—8|e| +0'|e =—],-€ - Isotropic
ot\ 2 2

= Time-invariant

Farad
m

[¢]:

i()=C d‘;(; )

Ampere x sec
Volt

Farad =




Poynting theorem (TD)

. ) -+ Watt Hypotheses on the medium
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
- Local (TND & SND
o o(l =2 1 _p —[2 < = (_ )
V-s+— —,u‘h +—8|e| +0'|e =—],-€ - Isotropic
ot\ 2 2

= Time-invariant

-~ Ampere ~Henry
[h]’ m [y] m

di(t)
dt

v(t)=L

Henry = Volt x sec




Poynting theorem (TD)

. ) -+ Watt Hypotheses on the medium
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
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- 0(1 -2 1 .p 12 - (_ )
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Poynting theorem (TD)

. ) -+ Watt Hypotheses on the medium
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
- Local (TND & SND
. 01 -2 1 .p 12 - (_ )
V-s+— —,u‘h +—8|e| +0'|e =—],-€ - Isotropic
ot\ 2 2 o
- Time-invariant

Dimensional units of energy densities.
This is not surprising, since in the static case they are the electric energy density

and the magnetic energy density, respectively.

Note in addition that the overall quantity:

%umf+%gmz

is a state function




Poynting theorem (TD)

. ) -+ Watt Hypotheses on the medium
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
- Local (TND & SND
- 0(1 -2 1 .p 12 - (_ )
V-s+— —,u‘h‘ +—8|e| +0'|e| =—],-€ - Isotropic
ot\ 2 2

= Time-invariant

)
Idta|é|2 >0 (0'>O)
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Poynting theorem (TD)

Hypotheses on the medium

- . _1 Watt
S(F,1) =¢€(F,t)xh(F,¢t) Poynting vector [5]: m2 - Linear
- Local (TND & SND)
V-§+2 l ‘ﬁz+lé‘|_éz +0|éz——7 e - Isotropic
ol 2" 2 . -
- Time-invariant

Dimensional units of energy densities.
This is not surprising, since in the static case they are the electric energy density

and the magnetic energy density, respectively.

Note in addition that the overall quantity:

%umr+%gm2

is a state function

It is thus reasonable to identify this state function as the energy density of the

electromagnetic field




Poynting theorem (TD)

~ i - Watt Hypotheses on the medium
S(F,t) =&(F,t)xh(F,¢) Poynting vector [5]: m2 - Linear
- Local (TND & SND
. 01 =2 1 _p 12 < - (_ )
V.-s+— —,u‘h +—5‘e‘ +G‘e =—]J,-€ - Isotropic
or\ 2 2 T
- Time-invariant
o1 ~2 1 e 12 < -
V.-s+— —y‘h +—5‘e +G‘e‘ =—J,-¢€
ot \ 2 2
\\ J \ J \ J
g T T
—Ww P Po
/ at \ \
Time derivative of the energy = Power density dissipated Power density delivered
density of the e.m. field in the conducting medium by the sources to the field

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici 17 Aprile 2020



Poynting theorem (TD)

. ) . Watt Hypotheses on the medium
S(¥,1) =¢é(F,1)xh(F,7) Poynting vector [5]: > T
- Local (TND & SND)
V.3 0 1 0 2 ] ‘# 2 ‘q 2 - . - Isotropic
"St+t—w+p. = wW=— ‘ ‘ +—¢cle| ; p.=o0lel ;p,=—1], €
ot Pi=Po 2 = 2 2 Po b - Time-invariant
. 0(1 -2 1 .p 2 < o
V.-s+— —y‘h +—5‘e +G‘e‘ =—J,-¢€
ot \ 2 2
\ aT J \ T J \ T J
—Ww P Po
/ Ot \ \
Time derivative of the energy = Power density dissipated Power density delivered
density of the e.m. field in the conducting medium by the sources to the field
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Poynting theorem (TD)

. Watt Hypotheses on the medium
S(¥,t) = €(¥,¢)xh(F,1) Poynting vector [5]: > A
- Local (TND & SND)
. 0 1 =2 1 . 2 - - Isotropic
V.S+Ew+pj ~ Do w=5y‘h‘ +58|e : pj =O-|e Po =7 b€ - Time-invariant

fass(r.a) i +2 IM[arwiz.o) «[(fave, () = [fav (0
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Poynting theorem (TD)

~ - Watt Hypotheses on the medium
S(F,1) = (¥,¢)x h(F,7) Poynting vector [5]:— - Linear
- Local (TND & SND)
- Isotropic
C‘g)ng(f‘ -ﬁ +—” dVW +IIJde] :J!jdeo (f,t) - Time-invariant

This equation states that the conservation of energy if we read §(f,t) ‘N as the electromagnetic flux per unit area.

The energy associated with the electromagnetic field is distributed within, and propagated through the medium. In any
given space and time interval, the energy delivered by the sources, equals the sum of the energy dissipated, transferred

outside and stored inside the volume

I =2 1 . _ _
w=5,u‘h‘ +58‘e‘2 Energy density of the e.m. field w=p IIIdVW(r,t) Energy of the e.m. field

=R I . . . .[.Ude r,t) Power dissipated in the
p; = o"e‘ Power density dissipated in the conducting medium m=p ) j ( ) conducting medium

_ Power delivered by the
Power density delivered by the sources to the field = IIIdV Do (l',t) sources to the field
V

Po :_jo'

JLCialniv rciiia - vinvocioita rail u

(=)'
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