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Radiation problem
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Potentials
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

- Why are we interested in such a
radiating element?

- Why is such a radiating element
referred to as elementary electrical
dipole?

- How can we physically approximate

J =14z 5(v)i an elementary electrical dipole?
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

* Why are we interested in such a
radiating element?

J = 1Az 5(F)i,
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Mathematically, a 5-source radiating element is related to the radiation of any antenna!
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

- Why is such a radiating element
referred to as elementary electrical
dipole?

J=1Az5(r)i
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

-
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It can be easily shown that this electric current density is
the same as that of an electrical dipole such that:

1) the two charges, of opposite sign, have equal time
variation;

2) in the spectral domain, the relation between / and the
time-varying charge Q is:

joQ =1
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

J=1Az6(F)i
-How can we physically approximate
an elementary electrical dipole?
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Hertzian dipole
J=1Az5(F)i, = 1Az 5(x)8(»)d(2)1.

* Of course in real life one cannot physically build up a 6-source radiating element but only an
approximation.

*An approximation of the elementary dipole was used by Hertz in his experiments, in fact the
elementary dipole is often called as Hertzian dipole.

*Note however that an Hertzian dipole is a dipole characterized by:

J =15(x)5(y)rect - fZ when Az — 0 then
Az
rect [i} — Az (z)
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Hertzian dipole

e The creation of the constant current
distribution can be made by two large charge A

“tanks” at the two edges.
* Note that in practical case this model is meant :
to be suitable for electrical dipole smaller than end-plate [~
A/50. E{:)
!217 >y ) -
Y o~ - :
.
N ER ~
S

Infinitesimal dipole
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,
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Elementary electrical dipole

* A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = Az 5(x)8(»)d(2)1i,

g

1
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Elementary electrical dipole

* A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = Az 5(x)8(»)d(2)1i,

g

1
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Elementary electrical dipole

* A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = Az 5(x)8(»)d(2)1i,

g

1
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Elementary electrical dipole

* A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = Az 5(x)8(»)d(2)1i,
"
N
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Elementary electrical dipole

* A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = Az 5(x)8(»)d(2)1i,
"
N
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

lJ

V?A+K A=—ud  Vector Helmholtz equation

po,oe’ .
A=P Al }
A4 r
H-'vxA and E——jorA+ YV A
p josy
l .
H
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.
J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

The E.M. field radiated by the elementary electrical dipole

1Az 1 1
5, =4 = >+ T [cosdexp(—jfr)
22\ 2 jpr

E(F) — E’, (V,lg)l/;. ‘I‘Elg(r,g)flg

—

H(r)=H,(r.9)

1Az | j 1 1 :
Eg=C = ‘]'B+ >+ T [sindexp(—jfr)
A 4\ r jpr
‘p
1Az ( 1) .
H, = z(],b’+ stmgexp(—jﬂr)
4z \ r r

/\

Because of the problem symmetry there is no dependence on the azimuth angle ¢.
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Elementary electrical dipole

A b-source radiating element is also known as elementary electrical dipole.

J=1Az5(F)i, = 1Az 5(x)0(»)d(2)1,

All  the quantities, included the
expressions of the fields, can be ~P
provided in ferms of dipole moment U

1Az = jwQAz = joU

It can be easily shown that this electric current density is
the same as that of an electrical dipole such that:

1) the two charges, of opposite sign, have equal time
variation;

N 2) in the spectral domain, the relation between / and the
y time-varying charge Q is:

X joQ =1
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Elementary electrical dipole

The E.M. field radiated by the elementary electrical dipole
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1 1
18, = (IAZ >+ T [cosFexp(—jfr)
27 \ r jpr
/ 1 :
5 Eg =4’IAZ ‘]’8+ 12 1 T [sindexp(—jfr)
4\ r jpr
/ 1.
H¢:IAZ(]'B+ stmgexp(—jﬂr)
4z \ r r

JoQ =1
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole

E, =§ja)2QAZ 12 +— 1 3jcos,96xp(—j,[)’r)
T
b JoQ =1
wQAz | j 1 1 : ,
3 Egzé»J 4(3[ Z Jf+r2+jﬂr3j51nl96xp(—]ﬂr)
H =ijAZ(jﬂ+ ljsingexp(—j,[)’r)
7 4 roor?

... for ®=0 simplifies as
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole

r . JjQAz @ .

E = - X+ I ]cos .9|exp( Jjpr)
E, :éwjgjz %+X+ .w3jsin§|exp(—jﬂr) — i
o R

JoQ =1

N

QAZ—COSS
«/ 27 I’

... for ©=0 simplifiesas | g, --¢ 2421

\/E e r—3s1n9

H,=0
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole

r . JjQAz @ .

E = - X+ I ]cos Slexp( Jjpr)
E, :éwjgjz %+X+ .w3jsin§|exp(—jﬂr) — i
o R

JoQ =1

N

QAZ—COSS
\/ 2r r
... for ©=0 simplifiesas {g,--£-42 1 g
N HE 4z
H,=0 =)
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Elementary electrical dipole: static case

The E.M. field radiated by the elementary electrical dipole
r B jQAz ) .
E = - X+ jﬂr3]cos .9|exp( Jjpr)
@ 3 jsin 4exp(— jpr)

Ly :é,jgjz %"‘X"‘ . —— 1
SRR

QAZLC s 9= QAZLCOSS

7Zr 27 Er

JoQ =1

N

.. for ®=0 simplifiesas | g, = 5 QAZ%sinS QAzEl
1/lug 4r r 4r gr3
H,=0 =)

4
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

1Az ] 1 , _JIAz B 1 .
8. =4 o | 2 +jﬂr3Jcos19exp(—Jﬂr) =¢ e (jﬂr+[jﬂr]2}cos.9exp( jpr)
< A jp 1 1 : . _ L AAz B 1 : .
Eq=¢ 47Z| » +r2+j,8r3 ]Ismgexp( jpr) =¢ - {1+jﬂr+[jﬂr]2]smgexp( jpr)
H =Mz(m+ 1)siné*em)(—jﬂr) A2 7B L singex (—jpr)
P oar\r P CAx o jpr P/
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

1Az | 1 1
5, =4 = >+ T [cosFexp(—jfr)
22\ 2 jpr

Az jp 1

Az \ r r

H¢:IAZ(],B+ ljsingexp(—jﬂr)
4z \ r 2

r
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IAz jp

—
jpr |jpr]
IAz jp

> } cos Fexp(—jfr)

1
 Eg = +—+ sin $exp(—jpfr) = CEE
9=¢ 5 jﬂr3j p(—jpr) ir r

_1Az jp

1
in 9 — i fr
+j,6’r [jﬁr]zjsm exp(—jpr)

(l + j;'r j sin dexp(—jpr)
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

(1A 1 . _ 1Az jp §§ 215{ _

5, =4 o r2+jﬂr3jcosgexp(—],8r) —(27[ ) L / +[‘ r}cos&exp( jpr)
< Az jp 1 1 : . _ Az jp 1 1 : .

Eg=C | +r2+jﬂr3)smz9€xp( Jjpr) _§—47r » (1+%+mjsmgexp( jpr)

H :IAZ(j'B+ ljsingexp(—jﬁr) _ e p 1 1 In 4 '

1) A " ]/'2 = ET + % S1n exp(—]ﬂr)

> 2rf 2r
PRONEESSSS T ol
E =0

.. for gr>>1 simplifies as |, _ s p din Gexp(—jfBr) =j§%sinl96xp(—jﬂr)
v r

B 2rf =w
4r
IAz

E :1
g 2zl 1 \Hﬁf'T@SMexp(—jﬂrP?‘g c=1/Jus
Adr A 4r 24 lzc/f
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

(1A 1 . _ 1Az jp | _
E =¢ > r2+jﬂr3jcosgexp(—],8r) —(27[ ) L%+%}cosgexp( jpr)
l g, =p142(JB, Lo L lsingexp(—jpr) =¢222 8 1+§ﬁ<+ /. |sindexp(—jsr)
dz \ r r° jpr A 7 [/
1Az j | : ‘
H, = 47:(]’:8+ FZJSIHSGXP(—J,BI’) =%%(1+%jsingexp(—jﬂﬂ
2rf 2rm
p & A p = o pe
E =0
.. for fr>>1 simplifies as | g, =j§£4ﬁsingexp(—j,8r) :]g%smgexp(_jﬂr) 2nf=w
r T r
E =1/ ./
. H, =222 ingexp(—jpr) =2 c=1/Jus
Lr>>1 = —r>>1 =>r>1 r 4z g
A A=c/f
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Elementary electrical dipole: far field

The E.M. field radiated by the elementary electrical dipole

H¢:IAZ(],B+1
Az \ r r

... for r>>)A simplifies as

\

1Az 1 1
5, =4 = >+ T [cosFexp(—jfr)
22 \r? " jpr
1Az | j 1 1 :
T Eqg=¢ = ]'B+ >+ T [sindexp(—jfr)
4\ r r jpr

> jsin Fexp(—jpr)

E.=0
1Az |
Eg = j¢~—sin $exp(~jpr)
2Ar
E
H, = —4;9
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Elementary electrical dipole: far field

In the far-field case (r>>A) the elementary electrical dipole behaves as follows

E(F):Eg(ra'g)fg

—_—

H(F)=H,(r.9)i,

A
;ﬁﬁ
A 9 ’ ’E% L.
J=14z50)1, | _ - AT
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r

Eg = j(ﬁsinl%xp(—jﬂr)
2Ar

® the e.m. field propagates along i.

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r
® |E| and |H| are proportional through ¢
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Elementary electrical dipole: far field

In the far-field case (r>>A) the elementary electrical dipole behaves as follows

E(f):Es(”ﬂg)fs

ﬁ(f) =H, (’”»‘9)’;0
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Ey = j¢ 22 sin exp(— j pr)
2Ar

® the e.m. field propagates along i,

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r
® |E| and |H| are proportional through &

(H=i xE
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Elementary electrical dipole: far field

In the far-field case (r>>A) the elementary electrical dipole behaves as follows

E(f) =E, (V,lg)fg Eg= j{%sin&exp(—jﬁr)
<

=N A E

H(r) =H, (r,19)1¢ H, :_;

® the e.m. field propagates along i,

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r
® |E| and |H| are proportional through &

CH=i.xE
— —12 A - 12 A
S-_L|g i,,=£‘H P
20 2
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Elementary electrical dipole: far field

In the far-field case (r>>A) the elementary electrical dipole behaves as follows

E(F):Eg(ra'g)fg

—_—

H(F)=H,(r.9)i,

J=14z5(v)i,
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r

Eg = j(ﬁsinl%xp(—jﬂr)
2Ar

® the e.m. field propagates along i.

® the e.m. field lies on the plane
orthogonal to the propagation direction

® |E| and |H| exhibit the decaying factor 1/r
® |E| and |H| are proportional through ¢

¢H=i xE
- —12 A — 12 A
S-_L|& irzi\H i
26 2
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