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Introduction

The input impedance of a thick dipole antenna
between parallel planes, or the mutual impedance
between two such elements, each carrying an assumed
sinusoidal current distribution, is obtained by
first considering filamentary dipoles. The longi-~
tudinal or tangential field intensity about a single
dipole of length L between parallel planes, as
indicated in Fig. 1, is therefore obtained by con-
sidering the infinite series of images in the two
planes, from which the longitudinal field is sime
ply written as an infinite summation of the fields
due to the individual dipole elements. This ser-
ies converges too slowly to be of any practical use,
however, and a transformation of series must be ap-
pliedt, which results in the infinite series of ex-
_ponential terms with imaginary arguments becoming
a series of modified Bessel functions of zero order
of the second kind. The final expression is given
as Eq. (1) below and converges rapidly in most
cases.
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Input Impedance

We are considering the filamentary dipole and
therefore restrict the length of the dipole to re-~
sonant values to awvoid infinlte values of the in-
put impedance. For simplicity, the dipole is also
centsred between the parallel planes. The in-
duced emf method may be used to obtain the input
inpedance by evaluating Eq. (1) along the length
of the antenna, a sinuscidal current distribution
being assumed as before. After an obvious change
of variable, we obtain, for the full dipole,
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If the guard plane segparation is less than
one~quarter of a wavelength, this equation may be
approximated with an error of less than one-quar-
ter of one per cent by extending the upper integra-
tion limit to infinity, giving,
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Fig. 2 shows the input reactance of a half-
wave dipole between parallel planes as a function
of the plane separation., The values of input re-
actance for separations between one-quarter and
one~half wavelength are obtained from Eq. (L) be-
low, where the integral must be evaluated by num-
erical or graphical methods.
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The impedance is a pure reactance for guard
plane spearations of less than one~half wave-
length, since no propagating mode can be estab-
lished. At one-half wavelength separation, the
input reactance becomes infinite as a resonance
condition is established. For guard plane separa-
tions less than one-quarter wavelength, there is
no significant difference in the input reactance
for antennas having a full length of one-half,
three halves, or other odd-half wavelengths,

As the antenna is moved closer to one of the
guard planes, but remains parallel to both, the
input reactance decreases in an approximately co-
sinusoidal manner, approaching zero as the dipole
location coincides with that of the conducting
plane,



Mutual Impedance

If we now consider the mutual impedance between
two identical, resonant, dipole antennas, and
for the moment allow both to be centered between
the guard planes, the induced emf method leads to
the following approximate result:
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which is accurate within 0,088 ohms for guard plane
separations of less than one-quarter wavelength.
This equation leads o the curves of Figs. 3 and k,
which differ only in the interchange of the para-
meter and independent variables.

An zlternative approach to this problem con-
sists in the infinite summation of the mutual ime
pedance between one antenna and each of the infin
ite rumber of images of the second antenna. This
summation converges very slowly and can be evalua-
ted only by a modern digital computer. However,
certain approximations may be made if the guard
plane separation and dipole separation are both

small, in which case it is seen that the mutual re-

actance is less than the input reactance of either
dipole alone by sixty timss the dipole separation
in radians. This establishes the initial slope of
the curves in Fig. 3 and alsc shows that, for the
assumptions indicated, the change in the mutual
reactance as the dipole separation changes is prie
marily due to the change in mutual reactance bet-
ween antenna #2 and the basic element of the ine
finite array. In other words, the mmtual reactance
between antenna #2 and the remainder of the infin-
ite array is essentially constant,.

As one of the two antennas is moved toward
either of the guard planes from iis central loca-
tion, the other antenna remaining fixed, the mut-
ual reactance decreases, being almost linear for a
small original separation and almost cosinusoidal
for a large original separation. The initial slope
of the linear decrease is the same as that of Fig.
3, and it is therefore evident that for small sep=-
arations between antenna #2 and antemna #1, the mut-
ual reactance is essentially independent of the
direction of the separation.

Thick Input Impedance

We consider here the input impedance of a di-
pole of length L, centered between two parallel
planes, and having a circular cross section with
radius ro or a strip cross section of width 2b and
gero thickness. The basic problem as it refers to
a circular cross section is shown in Fig. 5(a).

The problem is more easily considered physicale
1y if we replace the parallel planes by an infin-
ite array of identical dipoles, fed with currents
alternating in phase, as suggested by Fig. 5(b).

The input impedance of the center anterna when in
free space, or with the others open=circuited, is
assumed known. We therefore must find the mutual
coupling existing between the central element and
the infinite array. This coupling is essentially
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independent of the radii of the elements of the ar-
ray, as long as a small ratio of radius to spacing
is maintained. We therefore find the mutual coup-
ling between a thick central conductor and an in-
finite array of filamentary dipoles, outlined by
Fig. 5(c). If this coupling is defined as Z, then
Zin = Zp 4+ 2450, where Zip is the input impedance
of the thick antenna between parallel planes and
Zino is the input impedance of the same antenna
in free space.

In order to find Zy it is necessary to consid-
er the thick central element as composed of dife-
ferential filaments, and to find the mutual coup-
ling, Zmt, between one such differential filament
and the infinite array of filamentary dipoles.
This step is show as Fig. 6(a). Zy is then the
average of Zp' over the surface of the thick an-
tenna, or, in other words, Z, is equal to Z,' e-
valuated at the awerage differential filament.

In the case of a circular cross section, it
was shown above that the mutual impedance between
two filamentary dipoles between parallel planes
is sensitive only to the magnitude of their rela-
tive displacement and not to the direction. We
therefore take Zy = Zp!, evaluating Zj! for the
filament indicated in Fig. 6(b). Fig. 6{c) ap-
plies to the strip.

Finally, we find Zp' by replacing the central
element, as in Fig. 6(d), obtaining Zy' = 719
- 2320, where Z12 is the mutual impedance between
the average differential filament and the infinite
array, including this replaced central element
and Z120 is the mutual impedance between the averw
age differential filament and the replaced central
element in free space.

In terms of reactances,

Xyp = X32 = X320 + Xino

Yin =

where (6)
input reactance of thick antenna
between parallel planes

Xino = input reactance of thick antemma
in free space,

X300 = mutual reactance between average
differential filament of thick an
tenna and replaced central fila-
mentary dipole in free space

mutual reactance between average
differential filament of thick an-
terma and replaced central fila-
mentary dipole, both between par-
allel planes.

The methods of the previous section allow the
approximate evaluation of Xjo for dipoles of full
length greater than 1600.

We obtain,
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where X5, applies to resonant lengths and is give



parallel planes and the same dipole in free space
en by Eq. (5). should approach each other .as the dipole length de-
creases, for, if we consider the infinite arrsy of
images, it is evident that the coupling from the
central antenna to the images is becoming very

P 2 small and the maln contribution must be the input
Xin = ( + cospl)Xi2r - 60 sinpl én ;1\/::;& (®) impedance of the central element itself.

Using expressions available3 for Xino and
X320, we then have,

For the circular cross section of radius ry,
Wwe see that J=2 Tr,Aand in the case of the strip
of width 2b,J=Th/, .
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Fig. 1 - Filamentary dipole between parallel planes.
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Fig. 2 = Input reactance of resonant filamentary dipole
between parallel planes.
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Fig. 3 - Mutual reactance between two parallel half-wave dipoles
between parallel planes as a function of dipole sepanation.
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Fig. 4 =~ Mutual reactance between two parallel half-wave dipoles
between parallel planes as & function of plane separation.

1nz



9 -3
+0Q o : : - .
- o - .-: .- e e mmm—m———— —me e — e —————
¥ . TTTTT-T™T =T <] e ——— e
h O radiosy +0 +Q L2
—_—f e e cem = mmEmmmd——— =g 0 . .
-0 - O T @ . (b) . © . @)
® +o M +
Fig. - Dipole of circular cross-section be= Fig. 6(a) - The infinite array of filamentary images
e 5(a) twgen parallel planes. . and a representative differential filament.
(b) - Image representation. (b) - The location of the differential filament
(c) - Approximation obtained by replacing all for small radius.
images by filamentary dipoles. (c) - The location of the differential filament

for small strip width.

(d) ~ The infinite array of filamentary images,
the special differential filament of (b)
and (c), and the replaced central filament,
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Fig. 7 - Input reactance of thick dipole betwsen parallel planes.
(NOTE: Reactance is referred to current loop. Reactance

referred to dipole center is 1/sin2§(sL times
this value.)
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