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UNITED STATES PATENT OFFICE 
2,640,930. 

ANTENNA. ASSEMBLY 

Frank J. Lundburg, East Orange, and Francis X. 
Bucher, Nutley, N.J., assignors, by mesne-as 
signments, to International Standard Electric 
Corporation, New York, N.Y., a corporation of 
Delaware 

Application, January 12, 1950, Serial No. 138,38 
(C. 250-33.5) 15. Cairns. 

This invention relates to antennas and more 
particularly to an antenna assembly designed, 
for providing an omnidirectional and rotating 
figure-of-eight pattern. 
Various Systems have been proposed for pro 

viding Omnidirectional radio beacons. In gen 
eral these Systems may comprise a directive an 
tenna, producing a normal figure-of-eight pat 
tern and an omnidirectional antenna, or radi 
ator, the energy of which combined with the di 
rective figure-of-eight pattern, will produce a 
unidirective pattern of generally cardiodal form. 
If then the pattern is caused to rotate at a given 
rate the null point of the cardiod may be de 
tected and the direction line obtained thereby 
which may serve to guide, craft along a given 
Course" toward or away from the beacon. In or-. 
der that a, continuous, indication be provided it 
is necessary that rotation of the directive pat 
tern be at a fairly high rate. 
mal frequencies used for navigation purposes 
the directive antenna, structure is too large to 
be readily rotatable at the required speed. 

Furthermore, in most antenna systems de-, 
signed for a single polarization, horizontal polar 
ization for example, there exists an accompany 
ing radiation polarized at right angles thereto 
Which may cause errors in the directive pattern 
produced in the receiving arrangement. To 
avoid the difficulty of rotating large structures. 
resort has been made to goniometers wherein 
a coil is rotated in the field of energy produced 
by two right angular fixed antenna systems so. 
that an effective rotation of figure-of-eight radi 
ation pattern is provided. However, in such a ; 
case there is present still certain errors intro 
duced by this expedient. 

It is an object of our invention to provide, an 
antenna assembly for omnidirectional beacon 
use wherein the rotated directive pattern is pro 
duced by the rotation of a small antenna such 
a Sa. dipole antenna unit. 
This dipole is made of small dimensions re 

ative to a half wave length at the operating fre 
quency, So that it may be easily rotated and as 
Sociated therewith, and is provided with a radi 
atting structure to provide the desired omnidi 
rectional pattern and resonator structure to 
furnish the desired impedance characteristics of 
the System and to purify the polarization. 
According to a feature of our invention a ra 

dio assembly is provided comprising a dipole an 
tenna of Small length relative to a half wave 
length of the operating frequency, a resonator 
effeetively open to radiation about the periphery 5.5 
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2. 
of the dipole and enclosing the antenna, and an 
omnidirectional antenna mounted symmetrically 
about the dipole radiator. The resonator is in 
ther form of a cage made of conductive plates 
which may be interconnected by vertical rods or 
may be interconnected by a conductive sheet 
provided with vertical slots around its periphery. 
The Omnidirectional radiator comprises radiata 
ing elements arranged symmetrically about the 
dipole and cophaSally energized and may be po 
sitioned between adjacent rods or conductive 
portions of the cage. The resonator structure 
itself may produce polarization errors of its OWn 
and to avoid these extensions may be provided; 
as continuous conductive sheets or as cage struc 
tures of similar construction to the first One 
named, in the form of additional sections added 
either above, or above and below the cage, fur 
ther to reduce polarization errors. The resona 
tor" structure may not completely compensate 
the capacitive reactance of the short dipole. So 
there may be provided within the first cage a 
second cage structure comprising a plurality of 
spaced rods or a cylinder with a plurality of 
spaced slots about said dipole mounted on a di 
ameter Smaller than the first cage. On the rods 
of this smaller cage is arranged a conductive 
plate which may be adjusted to provide an in 
ner resonator of inductive reactance adjustable 
to the desired value to compensate the capacitive 
reactance of the short dipole. 
While We have set forth the principal objects 

and features of our invention, a better unders 
standing of the invention and more detailed dis 
closure of the objects and features thereof may 
be had from the particular description thereof 
made With reference to the accompanying draws 
ing, in which: 

Fig. 1 is an illustration of the physical con 
struction of an entire assembly incorporating 
the features of our invention as viewed along 
lines - of Fig. 2, with certain of the elements 
Omitted for clarity of illustration; 

Fig. 2 is a diagram more clearly illustrating 
the antenna, construction itself with respect to 
its functional Operation; 

Fig. 3 is a diagram illustrating the manner of 
feeding the Omnidirectional antenna.S. Of the aS 
sembly; 

Figs. 4, 5, and 6 are diagrammatic showings 
illustrating how polarization errors arise. and are 
Compensated. and 

Fig. 7, illustrates a modified physical construct 
tion of the antenna assembly. 

Referring to Fig. 1, a folded dipole unit 1 is ill 



3. 
lustrated which may be fed by some form of 
feeding arrangement shown at 2 and may be 
coupled through a rotary coupler 3 to coaxial 
feed line 4. Adjacent the base of the coupler 2 
is provided a first conductive plate 5 and Spaced 
there-above a second conductor plate 6. The 
plates 5 and 6 are interconnected by a plurality 
of rods T, which form effectively a resonator 
structure which may be considered as a radiator 
excited by dipole antenna . Preferably the 
spacing between plates 5 and S is made slightly 
greater than A/2 at the center frequency. Rods 

are spaced sufficiently close to one another 
around the periphery to provide an effective ver 
tical polarization screen or filter so that only 
the horizontally polarized energy passes. Each 
two adjacent rods form effectively the bound 
aries of a short section of wave guide which act 
as the ultimate radiators. As it is longer than a 
half wave length it will freely pass radiated 
energy in the TE10 mode. By its resonator ac 
tion the resonator effectively provides an imped 
ance match with the outer atmosphere or ether. 

Since antenna, f is short with respect to a, 
wave length it will have a low radiation resistance 
and high capacitive reactance and hence Would 
be inefficient. The resonator formed by plates 
5 and 6 and rods 7 does not fully overcome these 
deficiencies. In order to load this antenna, 
properly to achieve the desired compensation a 
second or inner cage is provided by a plurality 
of rods 8, arranged on a smaller diameter and 
concentric with circle of rods , extending ber 
tween plates 5 and 6. A movably adjustable 
plate 9 is provided mounted on rods 8. This 
plate may be adjusted to provide the desired 
resonance loading for the dipole to compensate 
the capacitive reactance and obtain the desired 
radiation efficiency. Plate 9 and rods 8 together 
with plate 5 form a second resonator about di 
pole . When plate 9 is properly adjusted to 
compensate the capacitive reactance of dipole 

, the Spacing between plates 9 and 5 Will be 
less than X/2 at the mid-operating frequency 
So that the resonator action will be inductive. 
Here again the Space between adjacent rods 8 
and plates 9 and 5 bounds effectively a short, 
Section of Wave guide. This Wave guide Will 
have a filtering action tending to reduce the 
amount of energy radiated from the resonator 
but since the length of wave guide is very short 
as determined by diameter of rods 8 this effect 
Will be negligible. After adjustment of this res 
onator structure there may still be a slight mis 
match between the entire antenna, assenbly and 
transmission line 6. In this case a matching 
impedance may be bridged on the line and may 
be housed for example within the rotary cou 
pler 3. Certain of the rods 8 may be made in 
the form of hollow conductors as indicated at 
0, f, 2 and 3. These may serve as coaxial 

transmission lines for feeding respective antenna, 
units 4, 5, 6 and , Figs. 2 and 3, which may 
be mounted between the respective hollow con 
ductors and the next adjacent rods 8. Sep 
arate feed lines 8, 9, 2 and 2 may be pro 
Vided each of substantially equal length to sup 
ply to these antenna, units energy in cophasal 
relation coming in over a common feed line 22. 
The structure so far described will provide a 

rotatable figure-of-eight and omnidirectional 
pattern which will be generally horizontally po 
larized. However, due to the resonator action 
itself a certain amount of vertical polarization 
may be radiated from the structure due to the 
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radiation about the upper and lower ends of the 
resonator cage. An understanding of how this 
vertical polarization arises and how it inay be 
compensated may be had by reference to the 
diagrammatic illustrations of Figs. 4, 5 and 6. 
Turning first to Fig. 4, the radiation coming 

from the resonator formed by plates 5 and 
and rods 7, will be in the general form ShoWn by 
lines 23 and lines 2 of Fig. 4. It Will be Seen 
that the radiation lines of electric force which 
close around the portion of the resonator de 
fined by rods are purely horizontally polarized. 
However, some of the energy lines as shown at 
24 will close over the ends of the resonator 
structure and these lines since they are in the 
vertical plane or have components in this plane 
will produce accompanying vertical polarization 
components. It has been found that by adding 
extensions to the main resonator cage as in 
dicated at 25 of Fig. 5 this accompanying ver 
tically polarized energy can be reduced to an 
inconsequential value. It is believed that this 
is caused as illustrated in Fig. 5 by forming Such 
an extension. So that additional lines of force 
tend to terminate around the cylindrical res 
onator. Since the radiation from the antenna, 
is very large this energy will be greatly attenu 
ated as it travels up or down the extensions SO 
that any line of force on the end plates will 
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produce negligible vertically polarized compo 
nents. 

Fig. 6 illustrates the effect of the lines of 
electric field from the Onidirectional loop 26 
shown generalized instead of by separate con 
ductors 4-7 as in Figs. 1-3. So long as the 
loop elements are made so short that energy fed 
thereto is substantially constant throughout the, 
length of these radiators substantially pure hori 
Zontal polarized energy will be radiated there 
from. As long as the conditions described obtain 
With respect to the Omnidirectional radiator this 
radiator may be mounted anywhere about the di 
pOle either Within the resonator cages or Outside 
thereof. Should there exist any vertically po 
larized components in the omnidirectional radi 
ator it is desirable furtheir that this radiator be 
mounted within the cage resonator structure 
So that such components may be effectively fil 
tered out. 
Turning back to Fig. 1, these extensions are 

illustrated as plates 2i and 28 interconnected 
With plates 5 and 6 respectively by means of 
rods 29 and 3). The entire antenna, assembly 
may be mounted directly on the ground or on 
any suitable support as indicated at 3. 
While Fig. 1 gives an idea of a structure in 

accordance With our invention, a better. Under 
standing of the feeding of antenna units 4, 5, 
6 and 7 may be had by reference to Figs. 2 and 

3. In these figures it will be noted that the in 
ner conductors and transmission lines 8, 9, 2 
and 2 extend up through rods , , , 2 and 3 
and Out through openings therein across to the 
next adjacent rods 8 of the assembly. In this 
manner the feeding can be accomplished rela 
tively simple. The pattern from the dipole is 
indicated generally at 28a, Fig. 2, while the on 
nidirectional pattern from elements 4, 5, 6 
and f is indicated at 29a. These two patterns 
combined provide a cardiod pattern and illus 
trated at 3a. By simple rotation of dipole 
the cardiod pattern may be rotated at any de 
Sired rate. 

In an actual nodel of the antenna, designed 
for Operation in the 700 to 800 megacycle range. 



2,640,930. 

dipole: antenna. ?. Was made substantially a tenth. 
Ofa. Wawe length;long and was designed for COur 
pliag to a motor for rotation at. 1800. R. P. M. 
The "inner cage; was made of a diameter in the 
order of one half. Wave length at the: center fre 
quency and the spacing between rods: i, 22, 25. 
and 26 was made in the Order of one tenth Wave 
length. It will be recognized that only the dipole 
unit itself need, be rotated, the remaining part 
of the structure: being fixed. This arrangement 0 
was foliad: to: provide: a substantial impedance. 
Inaatch between the dipole unit and a 50 ohm.line 
feeding the dipole; the normal radiation resist 
ance: of the dipole: Without the load resonator 
cage:being in the Order of 2-3 ohms. Thisian 
tenna was: found to operate between 730-785. 
aegacycles Withing: greater thana 2:1 mismatch. 
Ofirapedance. 
A similar structure designed for operating in 

the Very high frequency range, between 112 and 
118. Inegacycles and rotated at 1800; R. P. M. has 
been found to providesatisfactory operating re. 
Sults showing, an improvement of several hun 
dred per cent over that, provided by the conven 
tional, alterania structures, used for the omni, 
range beacons. 
In Fig. 7 is shown a modification of the an-. 

tenna, wherein the Outer edge Structure. Com 
prises, a cylindrical, sheet. 3, terminated at... itS, 
ends by plates: 32, 33. A plurality of slots 34 
are provided in the surface of sheet. 3. These 
slots should be dimensioned in accordance with, 
the openings between the rods as described in 
connection with Fig. 1. Extensions 35 and 36. 
may be provided above and below the resonator : 
cage structure, these extensions being shown as 
extended cylindrical sheet portions. No. slots. 
need be provided in these extensions as their 
purpose: will be fulfilled as well without them. 
La fact the exteasions shown in Fig. i could as 
well be continuous, sheets, but the: rod construc 
tion is more convenient there. 
open construction provides; a lighter weight struc 
ture less; subject to wind pressures. 
An inner cage structure is shown at 37 which 

may also be in the form of a cylindrical: sheet 
provided with slots 38. The adjustable wall 
portion may be in the form of a shorting plunger 
39 which may be adjusted to render the desired 
portions of slots 38 effective. The dipole radia- is 
tor within cage 37- may be the Sane as in Fig. 1, 
and the omni-directional antenna, may beformed 
by conductors bridged across certain of slots 38 
and fed as in Fig. i. It will be clear that if 
desired any combination of the rod construc 
tion of Fig. 1 and the sheet construction of Fig. 
7 may be used. 
While we have described above a particular 

example of our invention, it will be readily rec 
ognized that many changes may be made therein 
without departing from the Spirit of our inven 
tion. For example, various types of omnidirec 
tional radiators may be used with this System, 
it being merely necessary that proper horizontal 
polarization be maintained and that the omni 
directional antenna is not mounted in Such a 
position as to make undesirable variations in 
the directive radiation pattern. Furthermore, 
the various wave lengths mentioned are not to 
be considered to be limitations of our invention 
and the principles thereof are applicable to any 
wave length. Moreover, a wide variation may 
be provided in the length of the dipole radiator, 
it being borne in mind that the efficiency of the 
antenna system and its radiation resistance is 

Moreover, the: 
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6 
to be adjusted by means: of a resonator haying: 
dimensions suitable to provide the necessary. 
loading. Since. a. short dipole: radiator has: a, 
larger capacity, reactance, the resonator struc 
ture! will generally be predominantly inductives 
to compensate the capacitive: reactance and re 
duce the impedance to a real impedance. Any 
residual mismatch can be taken care. Of by any 
known...type of impedance: matching device. Also 
the dipole need not be of the folded type but may 
be of any desired construction. 
While. We have described above the principles 

of our invention...in connection. With specific aps 
paratus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitation to the scope of our invention. 
We cairn: - 
1. A radio antenna, assembly comprising a 

radiating dipole antenna, of small length, rela 
tive: to half a wave. length at the operating fre 
quency to provide a directive figure-of-eight patr. 
tern, a resonator effectively open to radiation 
about one periphery thereof effectively enclosing. 
said. antenna, and an omnidirectional antenna, 

5 mounted symmetrically about, said dipole an 
tenna. 

2. A radio antenna assembly according to claim 
l, wherein said: resonator comprises, a pair of 
plates: having conductive; surfaces, Spaced on Op 
positesides of said, dipole, and a plurality of con 
ductive: rods perpendicular to the plane of polar 
ization of said dipole, spaced around the dipole 
and connected to, said: plates, and said Omni 
directional antenna, comprises radiating elements 
symmetrically spaced around Said dipole and 
connected for cophasal energization. 

3. A radio antenna, assembly according to claim 
1, wherein said, resonator comprises a pair of 
plates; having conductive surfaces, spaced. On Op 
posite sides, of said dipole, and a cylinder with 
a plurality of spaced slots: perpendicular to the 
plane of polarization of said dipole, Spaced 
around the dipole and connected to said plates, 
and said omnidirectional antenna, comprises 
radiating elements, symmetrically Spaced around 
said dipoles and connected for cophasal energiza 
tigra. 

4. A radio anterana assembly according to claim 
1, further comprising an extension at one endi 

, of said resonator for attenuating any component 
radiation energy polarized perpendicularly to the 
plane of polarization of said radiator. 

5: A radio antenna according to claim 4, fur-. 
ther comprising an extension at the other end 
of said resonator for attenuating Said perpen 
ditular-polarized component. 

6. A radio antenna assembly comprising a di 
pole radiator having an overall length short with 
respect to a quarter wave length at the operat 
ing frequency, a pair of conductive plates Spaced 
apart on opposite sides of and substantially con 
centric with the center of said dipole, conductive 
means interconnecting said plates and providing 
regularly spaced conductive openings extending 
substantially perpendicularly to said plates, said 
plates and conductive means forming a resonator 
cage substantially matching the impedance of 
said antenna, to the radiation space at Said op 
erating frequency, a plurality of radiators at 
regularly spaced intervals extending between ad 
jacent one of said conductive means, and means 
for cophasally exciting said radiators. 

7. A radio antenna assembly according to claim 
6, wherein said conductive means comprises a 
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cylinder provided with a plurality of spaced slots 
therein. 

8. A radio antenna, assembly according to claim 
6, wherein said conductive means comprises a 
plurality of spaced rods, arranged in a circular 
pattern and spaced apart to provide Said con 
ductive openingS. 

9. An antenna assembly for providing a rotat 
able unidirectional radiaticn pattern comprising 
a rotatable dipole antenna, to provide a directive 
radiation pattern, a resonator comprising a pair 
of plates and a set of rods interconnecting Said 
plates forming a resonator for impedance loading 
of said dipole, a plurality of antenna elements, 
symmetrically mounted about said resonator 
structure and said dipole to provide an omnidi 
rectional radiation pattern, and means for Sup 
plying radio frequency energy to said dipole and 
Said antenna, element. 

10. An antenna assembly comprising a first 
cage structure including four plates mounted in 
parallel planes and spaced apart along a given 
axis, and a plurality of rods regularly Spaced 
apart at spacings Small with respect to a half 
wave length and arranged on a circle of a given 
diameter concentric with said axis, said rods ex 
tending between adjacent ones of Said plates and 
being fastened thereto; a second cage structure 
within said first cage structure mounted between 
the center two of said four plates, said second 
cage structure comprising a plurality of rods 
mounted between said plates on a periphery of 
diameter less than Said diameter, and a movable 
plate mounted on said rods for adjustable posi 
tioning therealong, a dipole radiator rotatably 
mounted on one of said two plates within said 
second cage structure, energizing means for Sup 
plying radio frequency energy to said dipole radi 
ator, four radiator elements mounted between 
adjacent rods of said second cage structure and 
regularly spaced from one another, one end of 
each radiator being connected to respective of 
Said rods, the rods adjacent similar ends of Said 
radiators being made hollow, energizing conduc 
tors within said hollow rods and connected to the 
respective other ends of Said radiators, and a 
connon feeding conductor coupled to the free 
ends of said conductors, to supply energy to said 
radiator elementS cophaSally. 

11. An antenna, assembly according to claim i0, 
further comprising an extension on at least the 
upper end of Said first cage structure for attenu 
ating any component radiation energy polarized 
perpendicularly to the plane of polarization of 
Said radiator. 

12. A radio antenna, assembly for radiating 
horizontally polarised waves comprising a sub 
Stantially cylindrical radiant energy emitting 
resonator for radiating energy substantially hori 
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Zontally polarised and an extension at one end of 
Said resonator for attenuating any vertically 
polarised component radiation energy from said 
resonator, said extension having substantially the 
Sane CrOSS-Sectional dimensions as said resona 
tOr and being electrically connected thereto. 

13. A radio antenna, according to claim 12, fur 
ther comprising an extension at the other end of 
Said resonator of substantially the same cross 
Sectional configuration for further attenuating 
Said perpendicularly polarised components. 

14. A radio antenna assembly comprising a di 
rective radiator of small dimensions relative to 
a half Wavelength for radiating a figure-of-eight 
pattern of plane polarized energy, a resonator 
effectively open to radiation about one periphery 
thereof effectively enclosing said directive radi 
ator and forming effectively a polarization filter 
about Said open periphery, an extension at one 
end of Said resonator for attenuating any com 
ponent radiation energy polarized perpendicu 
larly to the plane of polarization of said radiator, 
and an inner resonator open to radiation about 
its periphery and adjustable to compensate the 
inherent capacitive reactance of said radiator. 

15. A radio antenna assembly comprising a di 
rective radiator of small dimensions relative to a 
half Wavelength for radiating a figure-of-eight 
pattern of plane polarized energy, a resonator 
effectively open to radiation about one periphery 
thereof effectively enclosing said directive radi 
ator and forming effectively a polarization filter 
about Said open periphery, an extension at one 
end of Said resonator for attenuating any compo 
nent radiation energy polarized perpendicularly 
to the plane of polarization of said directive radi 
ator, and an omnidirectional radiator for radiat 
ing energy plane polarized in the same plane 
as Said directive radiator, said omnidirectional 
radiator comprising short radiating elements 
mounted Symmetrically about said directive radi 
ator. 

FRANK. J. LUNDBURG. 
FRANCIS X. BUCHER. 
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