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Infinitesimal Dipole

The infinitesimal dipole current element is shown below.

The dipole moment (amplitude) is defined as I1.

The infinitesimal dipole is the foundation for many practical wire antennas.

From Maxwell’'s equations we can calculate the fields radiated by this
source (e.g., see Chapter 14 of the Hayt and Buck textbook).




Infinitesimal Dipole (cont.)

The exact fields of the infinitesimal dipole in spherical coordinates are

E = Llnoe_jkor (sz l+—— |cos®
2r ¥ Jkor

Egzl—l(ja)yo)ejko’(lj 1+ 1 + : ~ |sind
4 v jk,r (Jk,1)

H, :Ll(jko)e_jkor (lj 1+ : sin &
dr r Jkor




Infinitesimal Dipole (cont.)

In the far field (» — «) we have:

1l e M)
E, (1,0.6) ~-—(jou,)| “— |sin0

r

r

1, (r,0,6) ~ L k)| < |sine
PR 4 JO

Hence, we can identify

Recall:

1 . :
£} (0.6) = —(jou)sin0

1l
H:"(6,0)=—(jk,)sin8
y ( ¢) e (Jk,)



Infinitesimal Dipole (cont.)

The radiation pattern is shown below.

1 :
EF =2 (jeouy)sin0
4

dB(6,¢) = 20log,,

4

dB(0,¢)=20log,, (sin0)

E7(0.4,) J

‘EFF (9m9¢0)‘

0dB

sin(45°) =1/~2
20log,, (1/+2)=-3 [dB]

=> HPBW =90°



Infinitesimal Dipole (cont.)

The directivity of the infinitesimal dipole is now calculated

x) E™(0.9) /(2,)

D(9,¢): N 277 5
Pyl (4717 ) 4;2 £ ! (\EFF(9,¢)\ /(2770)) r*sin@dOd ¢
4z|E™ (0.9)

ZH\EFF (6.9)[ sin6dody
00 Recall:

EF =L (jou,)sin®
4r

Hence
47rsin” O

D(6’¢) ~ 2z

|

sin® @ sin @ dOd ¢

O Cmmmy



Infinitesimal Dipole (cont.)

Evaluating the integrals, we have:

A47rsin” 6

D(9’¢) ~ 2z

!

sin” @ sin@dOd¢

O ey

. Hence, we have
47sin” O

T

3 .
(27) j sin® @ sin 0d0 D(6,¢) :Esmz 0




Infinitesimal Dipole (cont.)

D(6,¢)= %sin2 0

| D(6,4)=1.0
\  (0=547)
NN
6/ -3 \
D(6,4)=1.5
"/ ((0=)90°)

The far-field pattern is shown, with the directivity labeled at two points.
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A center-fed wire antenna is shown below.

Feed

z

—~

v

[=2h

A good approximation to the current is:

]0

1(z) = Lsm ( koh)jsin[ko (h=I)]

[(O):]()



Wire Antenna (cont.)

A sketch of the current is shown below for two cases.

()= [Siné;’% h)Jsin[ko (h=)]

Q } Q s
[=2h [=2h
L 100) d 10)
J-h J-h
Resonant dipole (/= 4,/ 2, kyh = 7/2) Short dipole (/ <<A4,) Use

B B Tz N B sin(x) = x
](z)—locos(ko ‘z‘)—locos(z hj 1(2) N]{ _;}
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Wire Antenna (cont.)

Short Dipole
S 4
[=2h
i 1(0)
(U —h y

Short dipole (/ <<4,/ 2)

o1 |1t
](Z)~]0|:1 .

The average value of the currentis 7,/ 2.

1

(Il)eff - 5(101)

Infinitesimal dipole:

Short dipole:

1 .
EF =L (jou)sin0
47

1l

HFF —
Y.

(jk,)sin6

1l
E, = @(ja),uo) sin @
4r

1l
H;F — ( )eff (]kO)SHl@
4
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Wire Antenna (cont.)

For an arbitrary length dipole wire antenna, we need to consider the
radiation by each differential piece of the current.

z Far-field observation point
1 r=(x,y,z)
() " R
|
dz' : r Rz[xz—l— ‘+(z—2' 2}5
Feed I ? ‘ Y ( )
S y
Infinitesimal dipole:
e\ .
; E, =[ j (jeou,)sin 6
J —h r )ar
1 h kR
Wire antenna: E, = —(jwu,)sin @ [(z")dZ'
Ay (Jous,) j I ( )

—h
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Wire Antenna (cont.)

z Far-field observation point

r=(xy,z)

~
—~~
N
~
A
\J
Ny
~
=
=

Feed

J R:\/x2+y2+(z—z')2

:\/(x2 +y° +zz)+(z'2)—2(zz')

X N
A (F
(2] -o(2)2)
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Wire Antenna (cont.)

z Far-field observation point
) " R r=(x,z2)
&
dz' I r
Feed 0
y 2
cosf@=z/r R=7r |1+ i’ _9 i(i’
r r r
X

J —h

!

R 2] 2000 )« i-2(ess0) Z ) | 1-cos0)(Z])] -2 con0

v
Note: /1+x z1+§, x| <<1




Wire Antenna (cont.)

z Far-field observation point

) " R r=(x,z2)
Z’
dz’' I r
Feed ? 0
Y
cos@=z/r
X
) —h R~r—zcosé

It can be shown that this approximation is accurate when

2D?

r> (D =2h)

0
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Wire Antenna (cont.)

z Far-field observation point
) " R r=(x,z2)
Z’ h  — kR
1 JKo
dz' I r E,=— (jou,)sin 1(Z')dz’
Feed ? 0 ° Arx 0 -[l ( )
Y
cos@=z/r
Hence, we have:
X —]ko(r—z'cos 0)
U —h E,~—(jou,)sinb 1(z')dZ’'
(‘] o) jr z'cos @ ( )
1 e—]kor h e+jkoz’cosé’
=—(jou,)sin o I(z")dZ'
47z(] ) r _hl—(z'/r)cosﬁ ( )
1 e\ P
~—(jou,)sin o et eost (1) g7
o) — || (2)

—h
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Wire Antenna (cont.)

We define the space factor of the wire antenna:

h
SF(@) I](Zr) e+jkoz’c0s9 er
—h

We then have the following result for the far-field pattern of the wire antenna:

— jkor
e]o

E, ~ —(]a),uo)smH SF(6)

4 r

Note:
The term in front of the array factor in the above equation is the
far-field pattern of the unit-amplitude infinitesimal dipole.
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Wire Antenna (cont.)

Using our assumed approximate current function, we have:

- ol 1)

Hence

4

):| e+jkoz'c039 er

The result is (derivation omitted):

SF (9) ) 1, cos(k,hcos @) —cos(k,h)
- sin (k,h) k,sin’ @
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E, ~——(jou,)sin0

570)=2{ i)

Thus, we have:

— Jkor

Wire Antenna (cont.)

In summary, we have:

4

1

Egz(e

r

|

2

I

e—jkor
A

SF(6)

(ja)ﬂoh)j[

]O

cos(k,hcos0)— cos(koh)}

k,sin’ 6

cos(k,hcos @) —cos(kyh)

S1n

(ko)

|

k,hsin @

|
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Wire Antenna (cont.)

For a resonant half-wave dipole antenna:

h=2,/4
kh=m/2

— Jkor
e
E,~ (
r

or

j(i(jawoh)

J)

COS (ﬂ COS 6’)
2

(7/2)sin@

COS (7[ COS 9)
2

sin @
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Wire Antenna (cont.)

cos(ﬂcosﬁj
Ik N (i 9 h=2 14
ooy 5

sin & kh=m/2

The directivity is:

4|7 (0.9)
D(‘99¢) BT =— )
[ [|E™ (6.9)[ singdodp 2x[|E™ (6.4)[ singdbdy

0

‘2

4z|E™ (0.9)

‘2

The result (from numerical calculations) is:

D(7/2,4)=1.643
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Wire Antenna (cont.)

(dB down)

Results

[=2h

————— 1= 2/50 [=4/50 3-dB beamwidth = 90°

= — [=2A/4 [=2x/4 3-dB beamwidth = 87°
I1=27f2 I=al2 3-dB beamwidth = 78°
=334 [=3,/4 3-dB beamwidth = 64°

resssessssnses [ =X =2 3-dB beamwidth = 47.8
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Wire Antenna (cont.)

Radiated Power:

HEFF (6.9)| sin@dbdg
0

(%(jwﬂoh)j( . 1, j{cos(kohcosﬁ.)—cos(koh)
T Sin

in (k,h) ko hsin 6

W, WH, Hy

Simplify using = = [— =1,

2

lf
0

|

0 O] Hy&, €

1 I, cos(ky,hcos @) —cos(k,h)
( (1) j( 'n(koh)){ sin @

T

T

sin 0 d0d ¢

sin 0 dOd ¢

23



P

rad

Wire Antenna (cont.)

Performing the ¢ integral gives us a factor of 2 r:

T

sinfdo

- (27) |

T %

27 sin &

in (k,h)

After simplifying, the result is then

(1 (j"‘))j(s' I, j[cos(kohcos.é’)—cos(koh)}

5 ( 7y j ]f[cos(koh cos @) — cos(k,h) |
rad 4r sm . sin @

} sin@dé
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Wire Antenna (cont.)

1 2
The radiation resistance is defined from P _, = ERM IO‘
Z
2P
:> R rad
](O) — ]o h ‘ ]
- e
Feed Circuit Model
. ) N I
T
[=2h i ;
Z =R +jX
Rin = Rrad

For a resonant antenna (/ =~ 4,/2), X;, = 0.
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Wire Antenna (cont.)

The radiation resistance is now evaluated.

2P
Rrad = mzd
7,
Using the previous formula for P, , we have:

R - ( T j | 27 [cos(kyh cos Q)-cos(/coh)]2 »
27 )\ sin(kyh) sin @

0

Resonant A,,/2 Dipole: & = %, kyh :g > R _, =73 [Q]
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Wire Antenna (cont.)

The result can be extended to the case of a monopole antenna

____________ e ](Z)
h ‘ hel /4

Feeding coax

L dipol
=—Z.""  (see the next slide)

2
R, =365 [Q]

Z monopole
in
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Wire Antenna (cont.)

1

monopole __ + ~zdipole
Z in =—Z in

2

N This can be justified as shown.

Vmonopole
| .

V dipole |
. I I, > :

- f  Virtual ground Monopole
E = ZE z Vmonopole — l Vdipole
2
- ]monopole . ]dipole
Dipole
monopole l dipole
:: Z in o 9 Z in
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