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Uniqueness |

VxE=-jouH
VxH= jocsE+J = jowsE + oE

>

Vv Maxwell S
(E,H),(E.,H,)
c#0

: V-(a><b)=b~V><a—a-be
a=E-E, 2 (conjugate) ’
b:(H_Hl)*

V|E-E)x(H-H,)|=(H-H,) -Vx(E-E,)-(E-E,) Vx(H-H,)
=(H-H,) -(H-H, - jou)-(E-E,)-(E-E,) (joe)
~(E-E,)-(E-E,) o
=—yﬂH—ny—E—Efng—Efa
[[[vIE-E)x(H-H) v =f E-E)<(H-H,) ds
:rqwﬂﬁh+4ﬂfy—E—Efgbv—JHLE—EIdV

fLE €< 5= o[ [+ B eV o[£y

oc#0 S ExA=E, xA or HxA=H,xn
V E =E,(Real=0) and H =H, (Imag=0)

{(E-E)x(H-H)}-fi={(H-H,)xi}-(E-E,) ={ix(E-E,)}-(H-H,)

o=0 Uniqueness
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| Poynting Vector

VxE=-jouH N
VxH= josE+J

V-(axb)=b-Vxa-a-Vxb
a=E, b=H"

V- (ExH)=H"-VxE-E-VxH’
=H" (- jouH) —E (- jo£ +J)
=—jouH -H" + josE-E" —E-J"

SAEXH*

' dS = @EXH . ds__J‘”v{Ex J

] o E g
-2jof], (”“ T v ] & e

S

magnetic energy electric energy (ohmic loss)
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Physical Interpretation
The physical meanings of each term in the surface integration of Poynting vector are

interpreted in terms of Complex power.

. 1
V=R+jJoL+——|l
[ Jo jwcj —
vVI©  RIIT . (s I"n-
2 2 Jw( 4 40)2Cj §L

ExH® .
S= 5 Poynting Vector 'Wa%]zJ v @ ; .

”LE-J*dV . RO

2 2 ——cC
H-H LII
J.J..[/—Iu 4 *dV > T*
E-E I
Il i Y Tauic
w="ep.E), w=Reg.mr
4
wooQV oV @t af1)__ I
* 2 2 2¢ 2¢c\jw) @ 20°C 4°C

Q=CV , %Q:l:ja@:l

Comparing these with the surface integration of Poyingting vector, we can find the

analogy between each term. We can understand that the surface integration of

ExH" .
-n'dS represents the complex power

Poynting vector over closed surface S ”S

(Watt) provided into the volume V.

*

Moreover, it suggests that represents the complex power (vector) per unit

area, though it is not always true. In many engineering problems, this assumption

works well. The real part of the Poynting vector indicates the effective power flow along

S per unit area. lWatthJ
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Radiation power from a small dipole
Calculation using Poynting vectors
Poynting Vector

#® Exact calculation valid everywhere

ExH"
2
Energy flowing out of the sphere r is calculated.

S:

r

P = Real D EXZH 'ds}

E, _ () (l+i]cose-e"kr E, =0
- 2ar? kr
E, = j) (1+ o jsine-e—ikr H, =0
2/1r
H, = (”) 1+ sing-e H,=0
Zir
where 7 =./u/e Free space 1207]Q]

[ dg[ dOExH" -fds = 2 E H*ols:('—'j2 sin2g1-—= + 2 J[1- L Jas
o %) PR CYrY K2r?  jkr ik

Far field: H,=—
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Real part

ny ., 1 1 1ny .,
—|—— | npsin“ G| 1— + ds==| — | nsin“ @ds
2(2/1rj 7 ( K2r? kzrzj 2(2/1rj i

ds=r’sin6dodg

. P—l['—'jz [sin®6dodg
K

J.sin349d6’:ﬂ
2\ 2 3
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[watt] Total radiated power

my _p(ny
_E(Ej nem=Tga

E,H 2 2
o Yds ><47z1’02 -1 I—I x4ar? = 77(”2 7z | eirp effective isotropically radiated
,[ 2\ 2Ar 22
o=7 power
Gainat 6=0°
L=3_15
9:5 2
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# Approximate calculation valid only for Far Fields (

)
kr >>1
E=E0=0]j 277/1 ”r e sing
£ Far field approx.
H=H$=¢=2
n
* E |? 212
ExH =f| d :ﬂlzlzsinzef
2 2n  8A’r .
sin
ds =27r’sing do
rdé
J y
X
* 22
EXZH -ds:j Og/ll%sinze-rzsinede-h
- r
x 1217 e
=Zr712 L sin®6do
4
3
2
_ () [watt]

317

(/dentical result)

1-24



