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[57] ABSTRACT 
A wide-band vertically polarized omnidirectional an 
tenna consists of an outer ?rst cylindrically-shaped 
metal surface with a second cylindrically-shaped metal 
surface coaxial with and located within the ?rst metal 
surface and concentrically disposed about a third 
cylindrically-shaped metal surface. The ?rst metal sur 
face is formed of individual antenna elements each 
having a ring of circumferentially extending slots 
spaced axially from the ends of the elements with ad 
jacent elements spaced apart by a circumferential ring 
slot. Alternatively, the first metal surface can be a 
continuous tubular member divided in the axial direc 
tion by a number of axially spaced rings of circumfer 
entially extending slots. Each ring of slots consists of a 
number of uniformly circumferentially spaced rectan 
gularly-shaped slots. A three-wire line is associated 
with each ring of slots with two of the wires extending 
circumferentially while the third or inner wire extends 
radially inwardly from the first metal surface through 
the second metal surface in contact-free relationship 
and then into contact with the third metal surface. 

12 Claims, 6 Drawing Figures 
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1 
WIDE-BAND VERTICALLY POLARIZED 

OMNIDIRECTIONAL ANTENNA 

SUMMARY OF THE INVENTION 

The present invention is directed to a wide‘band, ver 
tically polarized omnidirectional antenna and, more 
particularly, it concerns the arrangement of such an 
tenna and especially its outer surface which is formed 
of a hollow cylindrical metal surface divided by circum 
ferentially extending rings of slots located in planes ex 
tending perpendicular to the axis of the metal surface. 
The rings of slots are arranged to divide the ?rst surface 
into hollow cylinders having a height or axial length of 
about ‘A to ‘A of the wavelengths. A three-wire line 
feeds each of the ring slots and a second hollow cylin 
drically-shaped metal surface disposed inwardly of and 
coaxially with the ?rst metal surface serves as a meter 
frame or support. ‘ 

For certain uses, for example, in space travel, anten 
nas with a good circular radiation pattern or character 
istic are required in a plane with medium gain. In addi 
tion to high mechanical stability, the ability to with 
stand extremely high temperature stresses from about 
—80°C to +200°C is required in many space probes, for 
example, in solar probes. Frequently the antenna di 
mensions, particularly the diameter, are given. In many 
satellites, several antennas must be superposed with a 
magnetometer arranged at the end of the antenna arm. 
The necessary feed lines for the upper antennas and for 
the magnetometer must be arranged within the interior 
of the lower antennas. 
To meet these requirements it has been known to use 

slot radiators which consist of two coaxial hollow cylin 
drical metal surfaces where the outer metal surface 
contains a circumferentially extending ringslot located 
in a plane disposed perpendicularly to the axis of the 
metal surface. In such an arrangement the inner metal 
surface serves as a meter frame or support. Two hollow 
cylindrical rings separated by a ring slot form a slot ra 
diator element. For focusing the radiation in a plane 
perpendicular to the axis of the elements, several of the 
elements are superposed coaxially to form a collinear 
system, with the inner continuous hollow cylindrical 
metal surface serving as a common supporting tube 
(see DOS,‘ 1,441,614; Jasik Antenna Engineering 
Handbook, McGraw-I-Iill Book Company, New York, 
1961, pages 26-2 to 26-4, and Silver’s Microwave An 
tenna Theory and Design, McGraw-Hill Book Com 
pany, New York, 1949, page 309). In the wide-band 
omnidirectional antenna with vertical polarization de 
scribedv in the above patent, the distance between two 
slot radiator elements is about one wavelength, and the 
distance between the inner and outer hollow cylindrical 
metal surfaces is 0.2-0.12 wavelengths. The outer hol 
low cylindrical surface is secured over narrow stirrups 
on the inner hollow cylindrical metal surface. The om 
nidirectional antennas mentioned in the two publica 
tions use the two outer conductors of the three-wire 
symmetrization to maintainthe distance of the outer 
hollow cylinders. These known omnidirectional anten 
nas do not meet, however, the mechanical stability re 
quirements for air and space travel. Reinforcement of 
the supports is not possible without, at the same time, 
impairing the electrical properties of the omnidirec 
tional antenna. 
The installation of a toriodal dielectric to increase 

the mechanical strength also has disadvantages. For 
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space probes, for example, for a solar probe, a low-loss 
dielectric must be found which can withstand at least 

> 200°C. Further, it is very difficult, particularly with re 
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gard to thermal and mechanical stresses, to obtain good 
contact'between the dielectric and the metal surface. 
When large temperature ?uctuations occur, an air gap 
develops due to the different coef?cients of expansion 
of the metal and dielectric. Since the electrical ?eld 
strength in the air gap is higher than in the dielectric, 
a breakdown may occur. Moreover, the antenna be 
comes highly frequency-sensitive, particularly in the 
form of a coaxial line radiator (note the Silver publica 
tion mentioned above). 
The mounting of the hollow cylindrically-shaped 

rings with a constant slot width over the entire slot ring 
presents certain difficulties. Any change of the gener 
ally very narrow slot or eccentricity of the hollow cylin 
drically-shaped ring results in considerable differences 
in the radiation and impedance diagrams. 
The omnidirectional antenna described in the above 

mentioned patent is fed over two-wire lines arranged 
within hollow cylindrically-shaped rings. With many 
feeding points and several ring slots, such a system be 
comes very complicated and unwieldy, particularly 
since impedance converters and concentrated blind el 
ements must be inserted into the feeding line system. 

In the omnidirectional antennas described in the two 
publications, the space within the second hollow cylin 
drically-shaped metal surfaces is designed as a tubular 
or coaxial conductor. The high-frequency energy is un 
coupled over probes and is fed to the ring slots. To as 
sure that a wave can be excited at a given frequency, 
the tubular conductor must have a corresponding di 
ameter. In the design of the coaxial conductor, a cer 
tain diameter ratio of the outer to the inner conductor 
must be maintained in view of wave resistance. If the 
diameter of the inner conductor is selected at a dimen 
sion such that a foreign cable can be laid within its inte 
rior, the diameter of the antennais frequently too great 
in respect to the wavelengths. In any case, it is not pos 
sible to arrange thicker supply lines for components ar 
ranged above the omnidirectional antenna inside the 
hollow cylindrically-shaped metal surfaces in the prox 
imity of the antenna axis. 

If the diameter of the omnidirectional antenna is 
great compared to its wavelength, the use of ring slots 
with discrete feeding results in a lack of symmetry in 
the radiation diagram. With ring slots, the radiation di 
agram can be in?uenced in the azimuth only by the 
number of coupling points and the diameter of the om 
nidirectional signal. Further, wide-band coupling of the 
ring slots is hardly possible. 
Therefore, the primary object of the present inven 

tion is to provide an antenna with a good circular radia 
tion characteristic in a plane and of great band width, 
where the quality of the circular radiation is, for all 
practical purposes, independent of the diameter of the 
antenna and where the antenna has both high mechani 
cal and thermal strength with easy mountability and a 
simple and insensitive feeding system. Further, the ar- ' 
rangement of the antenna permits the placement of ad 
ditional supply cables inside the antenna structure par 
ticularly in the proximity of its axis. 
Accordingly, the problems experienced in the past 

are solved in the present invention by dividing the ring 
slot in a uniform manner into individual or separate cir 
cumferentially extending slots spaced apart in the cir 
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cumferential direction. Further, the individual slots can 
have a rectangular form or they can be widened coni 
cally or in steps, or they can be arranged as dumbbell 
shaped slots and each individual slot is fed over a three 
wire line from one or more coaxial conductors, and, if 
necessary, a third hollow cylindrically-shaped metal 
surface is provided inwardly of the first and second 
such surfaces. The second and third hollow cylindrical 
ly-shaped surfaces are designed as a feeding system for 
the antenna arrangement and the inner wires or con 
ductors of the three-wire line pass inwardly from the 
?rst metal surface in contact-free relationship through 
bores in the second metal surface and are coupled 
capacitatively or galvanically with the third metal sur 
face. 
Concentration of the radiation in a plane through the 

system axis is achieved by providing a ring of individual 
slots in an omnidirectional radiator element so that two 
hollow cylinder rings are formed and by arranging sev 
eral such omnidirectional radiator elements, whose 
height is about equal to half the mean operating wave 
length, in a superposed coaxially arranged group with 
the individual radiator elements spaced apart in the 
axial direction by a circumferential ring slot. 

In another arrangement of the ?rst or outer hollow 
cylindrically-shaped metal surface, the omnidirectional 
radiator elements are joined together in the form of a 
continuous tubular member provided with the individ 
ual interrupted ring slots but without the separating cir 
cumferential ring slots. 
The feeding or supply, which is not limited to the an 

tenna according to the present invention, is effected in 
the wide-band model in such a way that at least one co 
axial conductor is positioned within the third hollow 
cylindrically-shaped metal surface and acts as a coaxial 
feed conductor with the outer wire of the feed conduc 
tor conductively connected to the third metal surface 
and with its inner conductor conductively connected to 
the second metal surface. 
To be able to mount the feed or supply in an assem 

bled antenna in a simple manner from the exterior of 
the antenna, and to obtain other advantages, the feed 
arrangement is laid out so that the coaxial connection 
to the feed is arranged in the center of the antenna 
structure with the outer wire of the coaxial feed con 
ductor conductively connected to the third hollow 
cylindrically-shaped metal surface over a hollow cylin 
der extension extended through an opening in the third 
metal surface and attached to it by a through connec 
tion and with the inner wire of the coaxial feed conduc 
tor passing outwardly through the hollow cylinder ex 
tension within another cylindrically-shaped member 
and attached to the exterior of the second metal sur 
face. Further, an adjustable and ?xable short-circuit 
plane is provided at the free end of the coaxial feed 
conductor at a distance of about $41 of the mean operat 
ing wavelength for adjusting the amplitude and phase 
conditions in the coaxial feed conductor. 
By virtue of the present invention, it is possible to ob 

tain a good circular radiation characteristic in a plane 
which is, to a great extent, independent of the ratio of 
the antenna diameter to the wavelength. By using indi 
vidual spaced slots in the interrupted ring of slots and 
by using different geometric forms for the slots, it is 
possible to obtain optimum wide-band matching. Fur 
thermore, the symmetry of the arrangement can be im 
proved, if necessary, by varying the lengths of the single 
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4 
or individual slots, or a designed asymmetry can be pro 
duced in the radiation pattern. By virtue of the single 
slots and the use of larger antenna diameters, which is 
possible because of the independence of the quality of 
the circular radiation characteristic from the antenna 
diameter/wavelength ratio, a very high mechanical 
strength is obtained, particularly in the design which 
does not use separating ring slots between individual 
radiator elements. By employing the continuous outer 
hollow cylindrically-shaped metal surface a further 
stiffening effect is obtained. Due to the feeding ar 
rangement provided in the present invention, addi 
tional cables for other uses can be positioned within the 
antenna structure close to its axis and at the same time, 
a wide-band cabling can be effected which is accessible 
from the exterior even after the ?nal mounting of the 
antenna.‘ Interference impedances producedby probes 
or other connecting pieces can be compensated partly 
by short-circuit planes at both ends of the omnidirec 
tional antenna between the second and third hollow 
cylindrically-shaped metal surfaces. Since no dielectric 
is used, the antenna has a high thermal strength. Fur 
ther, all atmospheric charges are positively led off, 
since all parts of the antenna are grounded. It is also 
possible to feed the omnidirectional antenna without 
the use of the third hollow cylindrically-shaped surface 
by using a tubular conductor arrangement. Further, the 
third metal surface could be used as an outer wire of a 
coaxial feed line. However, the advantages of wide 
band cabling and of incorporating other cables close to 
the axis of the antenna would not be available. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. 
For a better understanding of the invention, its operat 
ing advantages and speci?c objects attained by its use, 
reference should be had to the accompanying drawings 
and descriptive matter in which there are illustrated 
and described preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: ‘ 

FIG. 1a is a partial view, partly in section, of an omni 
directional antenna embodying the present invention, 
and incorporating radiator elements having a length of 
about one-half the wavelength; 
FIG. lb is a view similar to FIG. la, embodying the 

present invention with a continuous outer hollow cylin 
drically-shaped metal surface in place of the individual 
radiator elements; 
FIG. 2 is an enlarged sectional view showing the feed 

ing arrangement for the antenna; and ' 
FIG. 3a to 30 show possible forms of the individual 

slots. 

DETAILED DESCRIPTION OF THE INVENTION 

In FIG. la an omnidirectional antenna is illustrated 
with its outer surface formed of a plurality of collinear 
radiator elements 12 each having a height or axial 
length of about 5% the wavelength. The individual radia 
tor elements 12 are spaced apart in the axial direction 
of the antenna by circumferentially extending slots 3 
formed between adjacent ends of the elements. Inter 
mediate the ends of each element in a plane extending 
perpendicularly of the axis of the antenna, an inter 
rupted ring of rectangularly shaped individual slots 4 

‘ extend in the circumferential direction of the elements. 
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Each individual slot 4 is fed over a three-wire line 5, 8, 
9. The outer wires 8, 9 of the three-wire line serve to 
maintain the distance of the elements 12 from a radially 
inner hollow cylindrically-shaped metal surface 10 
which is arranged coaxially with the radiator elements. 
Further, a third hollow cylindrically-shaped metal sur 
face 14 is located coaxially within the second metal sur 
face 10. Each inner wire 5 of the three-wire line is con 
nected at its radially outer end to a nose 7 which pro 
trudes in the axial direction from the surface of the ra 
diator element 12 into the slot 4. Bores are formed in 
the second hollow metal surface 10 so that each of the 
inner wires 5 passes inwardly through the bore in con 
tact-free relationship from the second metal surface 10 
and is conductively connected'to the third metal sur 
face 14. 

In FIG.'lb another embodiment of the omnidirec 
tional antenna is illustrated which has the same design 
as shown in FIG. 1a. However, instead of the individual 
radiator elements 12 of FIG. la, in FIG. 1b the radiator 
elements 12 are formed in a continuous tubular metal 
surface 2 in which the rows of individual slots 4 extend 
ing circumferentially about the tubular member 2 are ' 
spaced apart at about l/é the mean operating wave-‘ 
length. 

In FIG. 2 a feeding arrangement for the invention is 
illustrated. As shown, the coaxial conductor 16 opens 
into an outer cylinder 20 which forms'a coaxial con 
ductor together with an inner conductor member 21 
which is connected to the conductor 16. The outer wire 
of the coaxial conductor 16 is conductively connected 
with the hollow cylinder 20- and its inner wire is con 

‘ ductively connected with the inner conductor member 
21. The hollow cylinder is disposed tangentially to the 
inner surface of the third hollow metal surface 14. A 
hollow cylindrical extension 23 extends normally to the 
axis of the hollow cylinder and outwardly from it pass 
ing through an opening in the third metal surface 14 
and it is secured by a screw conductor 24 to the outside 
surface of the third metal surface 14. Spaced inwardly 
from the hollow cylindrical extension 23 is another ex 
tension 26 provided with a female thread into which a 
screw connector 31 is ?tted for providing contact with 
the inner conductor member‘ 21. The screw connector 
is mounted within a stepped hollow cylinder 27 having 
a narrow portion which extends through the extension 
23 and a wider hollow cylindrical portion 28 which ex 
tends through the. second metal surfacev 10 and has a 
?ange 29'extending laterally over the outer surface of 
the metal surface 10 so that the ?ange can be con 
nected by screw members to the metal surface 10. Ac 
cordingly, the outer conductor provided by the hollow 
cylinder 20 is connected to the third metal surface 14 
while the inner conductor 21 is connected to the sec 
ond metal surface 10 with the surfaces of the connec 
tion disposed in spaced relationship. At a distance of 
about'% of the mean operating wavelength, an adjust 
able and ?xable short-circuit plane is arranged in the 
innermost coaxial conductor to compensate or adjust 
the amplitude and phase conditions within the feed ar 
rangement. 
The outermost hollow cylindrically-shaped metal sur 

face 2, that is the radiator elements 12, contains the 
slot radiators which radiate a vertically polarized elec 
tromagnetic wave. The next inner hollow cylindrical 
metal surface 10 serves as a meter frame or support as 
well as an outer wire for the coaxial feed system of the 
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6 
antenna arrangement and as a re?ector. The inner wire 
of the coaxial feed conductor is in contact with this sec 
ond metal surface 10. The innermost hollow cylindri 
cally-shaped metal surface 14 forms the inner wire for 
the coaxial feed system and it is connected with the 
outer wire of the coaxial feed conductor. 
Coaxial cable 15 shown in FIG. la-is provided to feed 

an external load mounted above the antenna. 
FIG. 3a shows an individual slot, ‘which widens coni 

cally and FIG. 3b an individual slot, which widens in 
steps. FIG. 3c shows an individual slot with dumbbell 
like shape. In the middle of the axial length of this 
dumbbell-like shaped slot 4"’ a projection extends into 
the slot. ‘ 

Without departing from the concept of the invention, 
the omnidirectional antenna according to the invention 
can also be designed for horizontal polarization. 
The feeding device disclosed above is not limited to 

antennas of the type described herein, it also applies 
generally to individual radiator elements or radiator 
groups. _ 

Preferred applications of the omnidirectional an 
tenna according to the invention are for air and space 
travel, as well as in mobile and stationary telemetry sta 
tions. The omnidirectional antenna described is partic 
ularly suitable for the superposition of several anten 
nas. Another advantageous application of the antenna 
of the present invention is as a primary radiator for re 
?ection antennas, particularly for cylindrical-parabolic 
antennas. ' 

The wide-band vertically polarized omnidirectional 
antenna has a wavelength of about 5,5 inches. Typical 
diameter dimensions of the ?rst, second and third hol 
low cylindrically-shaped metal surfaces would be as fol 
lows: 
3, 1,5 inches and 1 inch. Based on the above wave 
lengths, the axial lengths of the antenna elements 12 
would be 0,45 wavelengths. Similary, based on the 
above wavelengths, the spacing between the inter 
rupted rings of slots 4 in FIG. 1b would be 1%; of the 
wavelength. 

I claim: 
1. A wide-band vertically polarized omnidirectional 

antenna comprisinga first hollow cylindrically-shaped 
metal surface divided transversely of its axis by a cir 
cumferentially extending slot into at least two hollow 
cylindrically-shaped rings having an axial length of $41 
or 1k of thewavelength, three-wire lines distributed uni 
formly over the circumference of said ?rst metal sur 
face for feeding said slots, and a second hollow cylin 
drically-shaped metal surface arranged within and co 
axially with said ?rst metal surface as a support, 
wherein the improvement comprises that said slot is 
formed of a plurality of circumferentially extending in 
dividual slots uniformly spaced apart in thecircumfer 
ential direction and forming a circumferentially ex 
tending interrupted ring slot, one said three-wire line 
for feeding each said individual slot, at least one coaxial 
conductor positioned within said second metal surface, 
said second metal surface and said coaxial conductor 
arranged as a coaxial feeder system, said three-wire line 
comprising inner wires extending radially inwardly 
from said ?rst metal surface, said second metal surface 
having bores therethrough aligned with said inner wires 
so that said inner wires pass contact-free through said 
second metal surface and are coupled capacitatively or 
galvanically with said coaxial conductor. 
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2. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 1, wherein a third hollow 
cylindrically shaped, metal surface is positioned within 
said second metal surface, said ‘third metal surface 
comprising one or several coaxial conductors in order 
to feed the antenna system and, if necessary, compris 
ing also other conductors and feed lines not used for 
feeding the antenna system, said second metal surface 
and said third metal surface arranged as a coaxial 
feeder system of the antenna, said three-wive line com 
prising inner wires extending radially inwardly from 
said ?rst metal surface, said second metal surface hav 
ing bores therethrough aligned with said inner wives so 
that said inner wives pass contact-free through said sec 
ond metal surface and are coupled capacitatively or 
galvanically with said third metal surface. 

3. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 1, wherein said individual 
slots are rectangular in form. 

4. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 3, wherein a projection on 
said ?rst hollow cylindrically-shaped metal surface ex 
tends into said rectangularly shaped slot from one side 
thereof and is spaced from the other side thereof, and 
one said inner wire of said three-wire line being cou 
pled with said projection into said slot. 

5. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 1, wherein said individual 
slots have conically widening con?guration. 

6. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 1, wherein said individual 
slots widen in a step-wise manner. 

7. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 1, wherein said individual 
slots have a dumbbell-like shape. 

8. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 7, wherein a projection on 
said ?rst hollow cylindrically-shyped metal surface ex 
tends into said dumbbell-like shaped slot from one side 
thereof and is spaced from the other side thereof, and 
one said inner wire of said three-wire line being cou 
pled with said projection into said slot. 

9. A. wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 1, wherein said first metal 
surface comprises a plurality of cylindrically-shaped 
omnidirectional antenna elements arranged in surface 
alignment, each said antenna element having an axial 
length about equal to half the mean operating wave 
length, said antenna elements being spaced apart in the 
axial direction and forming a continuous circumferen 
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tially extending slot therebetween, and each said an 
tenna element having said interrupted ring slot therein 
positioned axially from and intermediate its opposite 
ends. 

10. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 1, wherein said ?rst metal 
surface comprises a continuous axially elongated tubu 
lar member having a plurality of axially spaced said in 
terrupted ring slots therein dividing said tubular mem 
ber into a plurality of interconnected omnidirectional 
antenna elements. 

11. A wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 2, wherein at least a part 
of one‘of said coaxial conductors comprises an axially 
elongated hollow cylinder forming an outer conductor 
and an axially elongated inner conductor positioned 
coaxially within and spaced inwardly from said hollow 
cylinder, said hollow cylinder connected conductively 
to said third metal surface and said inner conductor 
connected conductively to said second metal surface. 

12. A- wide-band vertically polarized omnidirectional 
antenna, as set forth in claim 11, wherein said hollow 
cylinder forming the outer conductor is in surface 
contact with the surface of said third metal surface and 
said third metal surface having an opening there 
through, said hollow cylinder having a tubular-shaped 
extension secured thereto and extending laterally out 
wardly therefrom transversely of the axial direction of 
said hollow cylinder through the opening in said third 
metal surface, a threaded connector member in 
screwed engagement with the outer surface of said ex 
tension for ?xing said hollow cylinder to said third 
metal surface, said second metal surface having an 
opening therethrough aligned with the opening in said 
third metal surface, a hollow cylindrically-shaped 
member secured to the outer surface of said second 
metal surface and extending through the opening in 
said second metal surface and through said tubular 
shaped extension secured to said hollow cylinder and 
in spaced relationship to said tubular-shaped extension, 
and a connector member displaceably mounted in said 

' hollow cylindrically-shaped member and connected to 

45 

50 

55 

60 

65 

said inner conductor, and an adjustable and ?xable 
short-circuit plane positioned at the free end of said co 
axial conductor comprising said hollow cylinder and 
said inner conductor at a distance of about 1%; of the 
mean operating wavelength for adjusting the amplitude 
and phase conditions in said coaxialconductor. 

* :u * * * 


