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This invention relates to beacon antennae, and particu 
larly to a beacon antenna adapted to radiate substantially 

'omnidirectional elliptically polarized electromagnetic 
waves having a ratio ellipticity of less than two to one, 
and a radiation intensity which is substantially constant 
in a plane normal to the axis of the antenna. 
A beacon antenna must respond to plane polarized elec 

tromagnetic waves whose polarization may vary in direc 
tion, and to circularly polarized electromagnetic waves. 
In addition, the antenna must be capable of interrogation 
from almost any direction relative to the axis of the 
antenna. ' . 

',This invention contemplates a beacon antenna having 
almost omnidirectional radiation characteristics and 
adapted to respond to nearly circularly polarized electro 
magnetic waves. The substantially omnidirectional radi 
ation characteristic vin combination with substantially cir 
cularly polarized radiation is achieved by the combina 
tion of a dipole and :a complex slot-and-skirt arrange 
ment for propagating electromagnetic waves with plane 
polarization normal to the axis of the antenna in a very 
broad toroidal pattern. In Patent No. 2,735,093, issued 
February 14, 1956, to Robert Krausz and Donald L. Mar 
gerurn, for “Airborne Beacon Antenna,” there is shown 
and described a beacon antenna which provides a dipole 
with a pair. of diametrally opposed axial slots in the co 
axial wave guide which feeds the dipole. However, since 
the “polarized electromagnetic waves radiated‘from the 
slots are mutually out of phase, the resultant radiation 
pattern in a plane normal to the axis of the antenna re~ 
sembles a large ?gure 8 with nulls at 90° from the slots. 

This invention contemplates means for eliminating these 
nulls in the electromagnetic energy polarized normal to 
the axis of the antenna, with the result that an even larger 
radiation pattern is achieved. 

It is therefore an object of this invention to provide a 
beacon antenna having omnidirectional radiation char 
acteristics. 

It is another object of this invention to provide a beacon 
antenna adapted to radiate substantially circularly polar~ 
ized electromagnetic waves. 

It is another object of this invention to provide a beacon 
antenna adapted to radiate elliptically polarized electro 
magnetic waves in substantially all directions. 

Other objects of invention will become apparent from 
the following description taken in connection with the 
accompanying drawings, in which 

Fig. 1 is an elevational view of the invention; 
Fig. 2 is a side view of the invention partly in section; 
Fig. 3 is a sectional view of the invention taken at 3—-3 

in Fig. 2; and 
Figs. 4 and 5 are plots of the radiation pattern achieved 

by the invention. 
Referring to the drawings, there is shown a modi?ed 

section of coaxial wave guide comprising a central cylin 
drical conductor 1 surrounded by an outer hollow cylin 
drical conductor 2, said conductors being separated by a 
partial hollow cylinder 3 of dielectric material. A single 
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axial slot 4 is cut in conductor 2 and is positioned as near 
as possible to the terminus of conductor 2. Surrounding 
conductor 2 is an upper skirt 5 connected to conductor 2 
at its upper end and extending downward. Conductor 1 
extends beyond conductor 2 to form a dipole with skirt 5 
as shown. Lower skirt 6 also‘surrounds conductor 2 and 
is connectedthereto at its lower end. Skirts 5 and 6 have 
cut in them diametrally opposed slots 7 and 8 of length 
equal to half the wave length of the electromagnetic en 
ergy transmitted. Slots 7 and 8 are displaced by 90° 
from slot 4. Skirts 5 and 6 are separated by circumferen~ 
tial slot 9. From Fig. 3 it will be noted that partial cyl 
inder 3 does not entirely ?ll the space between conductors 
1 and 2 so that the dielectric medium separating con 
ductors 1 and 2 is nonhomogeneous. Surrounding the en 
tire structure is closed cylindrical envelope 10 of dielectric 
material having a dielectric constant of 6 or less for pro 
tection of the device from the elements. 

In operation, electromagnetic energy in the TEM mode 
is furnished to the lower end of the device and is trans 
mitted by conductors 1 and 2 as in an ordinary coaxial 
wave guide. However, because of the nonhomogeneity 
of the dielectric medium separating the two conductors 
which form the wave guide, unsymmetrical modes are gen 
erated, resulting in the coupling of a portion of the elec 
tromagnetic energy transmitted in the guide through slot 
4 into the chamber separating conductor 2 from skirts 5 
and 6. This energy is transmitted in this space in the 
rectangular TEOI mode, since this structure may be con 
sidered to be equivalent to a rectangular wave guide which 
is curved in the plane of the short dimension thereof. 
This wave guide is formed by the skirts as an upper boun 
dary, conductor 2 as a lower boundary, and the end con-A 
nections between the skirts and conductor 2 as the sides. 
This energy is transmitted then to slots 7 and 3 where it is 
radiated in phase, i. e., as shown by the electric ?eld lines 
indicated in Fig. 3. The electromagnetic energy propa 
gated from slots 7 and 8 is in phase, thus eliminating the 
nulls associated with the device shown and described in 
Patent No. 2,735,093, to which reference has been made. 
The electromagnetic energy propagated by slots 7 and 8 
is, of course, plane polarized normal to the axis of con 
ductors 1 and 2. 
The remainder-of the electromagnetic energy proceeds 

to the dipole formed by conductors 1 and 2 at their ends 
and radiated with polarization parallel to the axis of 
conductors 1 and 2. Since slot 4 is located so that its 
center is approximately one-quarter wave length from the 
dipole, the electromagnetic energy propagated by the di 
pole is in phase-quadrature with that propagated by slots 
7 and 8. Consequently, the resultant electromagnetic 
energy propagated is elliptically polarized with substan 
tially circular polarization over the majority‘ of the radia 
tion pattern. 

Referring to Fig. 4, the radiation pattern of the device 
in a plane normal to the axis of the antenna is shown with 
slots 7 and 8 placed on the vertical axis. The radiation 
due to the slots is shown by a solid line, and the radiation 
due to the dipole is shown by a dotted line. It can be 
seen that the polarization is almost perfectly circular 
throughout the pattern. 

Referring now to Fig. 5, the radiation pattern of the 
device in the plane of the longitudinal axis of the an 
tenna and slots 7 and i8 is shown. Again, the solid line 
indicates the slot radiation, and the dotted line indicates 
the dipole radiation. The pattern is of roughly toroidal 
shape with least intensity directly over the end of the 
antenna. However, the polarization is again substan 
tially circular over a great portion of the pattern as 
shown by the fact that the solid and dotted patterns are 
roughly congruent. 
Although the invention has ‘been described and illus 
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trated in detail, it is to be clearly understood that the 
same is by Way' of illustration and example only and is 
not to ‘be taken by way of limitation, the spirit and scope 
of this invention being limited only by the terms of the 
appended claims. 
We claim: 
11. Antenna. means comprising a coaxial Wave guide, 

a dipole at the terminus of said guide,1an axial slot in 
the outer‘ conductor of said wave guide having its center 
one-quarter wave length of the electromagnetic energy 
to be transmitted by said guide ‘from ‘said dipole, a cylin 
drical skirt attached at one end to the end of said guide 
near said dipole and at‘ the other end‘ to another portion 
of said- guide and separated throughout, its midportion 
from said guide, said skirt having cut in it two d‘iarnetrally i 
opposed axial slots displaced by- 90‘ degrees from said 
slot in said guide, and a circumferential slot cut in said 
skirt near its midpoint; and means for distorting the 
electric ?elds in said guide, to cause propagation from 
the slot in said guide whereby a portion of the electro 
magnetic energy transmitted in said guide is coupled out 
the slot in said guide, is transmitted in the space ‘between 
‘said guide and said skirt to the slots in said‘ skirts, and. 
thence is radiated from said slots with polarization nor 
mal to the axis of said guide, and- the remainder of said 
electromagnetic energy is propagated" by said dipole with 
polarization parallel to the axis of: said‘ guide. 

2. Means for propagating; circularly polarized electro 
magnetic Waves comprising a coaxial wave guide, a di 
pole at the end of said wave guide for propagating electro 
magnetic Waves plane polarized parallel to the axis of 
said guide, an axial slot in said guide situated near said 
dipole, a nonsymmetrical prism of dielectric material 
?lling the space between conductors of said guide for 
causing propagation of a portion of said electromagnetic ‘ 
waves from said slot, and a cylindrical closed-ended 
skirt larger than said guide ‘disposed coaxially with said 
guide over said‘ slot and having a pair of dilametral'ly 
opposed axial slots displaced 90 degrees from the slot 
in said guide and a central circumferential slot centered 
with respect to said axial slots whereby electromagnetic 
waves propagated from said Wave guide slot are propa 
gated irom said skirt slots mutually in phase with polari 
zation normal to the axis of said guide and in phase 
quadrature with electromagnetic waves propagated by 4 
said dipole. 

'13. Means for propagating substantially circularly po 
larized electromagnetic waves comprising a dipole, a 
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coaxial wave guide for supplying electromagnetic energy 
to said dipole, a single axial slot in the outer conductor 
of said wave guide having a length one-half the wave 
length of the electromagnetic ‘energy transmitted by said 
wave guide ‘and situated adjacent said dipole, a cylin 
drical skirt surrounding said guide extending from said 
dipole to the ‘farthest end of said single slot and having 
end members for supportv by said guide, a pair of dia 
metrally opposed axial slots in said skirt of substantially 
the. same. length as said single slot and displaced, angu 
larly ‘by 9t) degrees ‘from said single slot, and a non 
homogeneous dielectric medium separating the. con 
ductors of said wave guide wherebyia portion of the 
electromagnetic waves transmitted by said guide are 
propagated from said- slot-s with plane polarization nor 
mal to the axis of said guide and the remainder of said 
electromagnetic energy is propagated from said dipole ' 
in phase-quadrature with said portion and with piano 
polarization parallel‘ to the axis of said wave guide. 

4. A device, as recited in claim 3 in which said di 
electric medium is a sector of ‘dielectric material extend 
ing parallel to said slot vand arranged to cause propaga 
tion from said‘ single slot. 

5. Means for propagating substantially circularly po 
L larized electromagnetic waves over a toroidal pattern 

comprising a dipole for propagating electromagnetic 
waves with polarization parallel to the axis of said dipole, 
a coaxial" wave ‘guide for furnishing electromagnetic 
waves to said dipole, a nonhornogeneous dielectric me 
dium separating the conductors of said wave guide, a 
single axial slot in said guide for propagating electro 
magnetic waves ?rom said guide, and an axially slotted 
skirt surrounding said guide for propagating mutually 
in-phase electromagnetic waves with polarization normal‘ 
to the axis of said guide in phase-quadrature with the 
waves propagated by said dipole. 
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