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ABSTRACT: A folded slot antenna comprising a sheet of con 
ductive material folded upon itself and having a bow tie 
shaped slot arranged symmetrically about the bend of the fold 
on the surface of the sheet. This antenna structure can be ?ush 
mounted, for example, in the leading edge of the horizontal 
stabilizer or of the dorsal fin of an aircraft. 
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roman SLOT ANTENNA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a novel and improved slot antenna 

and in particular to a folded slot antenna which is suitable for 
use in ?ush-mounted applications on a vehicle such as an air 
craft. 

In the aircraft application, ?ush-mounted antennas are 
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desirable since externally mounted antennas increase drag and Y 
are subject to icing conditions, which in some cases cause the 
aircraft rudder to lock. 

2. Description of Prior Art 
One of the problems encountered in the design of ?ush 

mounted antennas for the aviation, navigation or communica 
tion band is the large physical size required to achieve wide 
band performance. In particular, the antenna aperture or slot 
dimension must be on the order of )t/2(where his wavelength) 
at the center frequency of the band of interest. For example, 
in the navigation band; the slot length for a slotted antenna 
must be on the order of 50inches. It is known that the e?’ective 
aircraft surface area occupied by the slot length can be 
reduced by various techniques such as ferrite loading, folded 
slots, dumbbell slots and the like. However, techniques such as 
the foregoing tend to decrease the radiation efficiency such 
that the antenna gain is reduced by essentially the same factor 
as the bandwidth is increased. That is, the overall gain is the 
product of the directive gain product the radiation efficiency. 

BRIEF SUMMARY OF THE INVENTION 

An object of this invention is to provide a new and improved 
folded slot antenna. " 

Another object of this invention is to provide a novel and 
improved antenna which can be ?ush mounted on a moving 
vehicle such as an aircraft. 

Yet another object is to provide an electrically small anten 
na structure. 

Still another object is to provide an improved wide band an 
tenna which is electrically small in physical structure but yet 
achieves the efficiency of a slotted antenna having a slot 
length of lt/2at the center frequency of the band of interest. 
Antenna apparatus embodying the present invention com 

prises a sheet of conductive material folded upon itself and 
having a bow tie shaped slot arranged symmetrically about the 
bend of the fold in the surface of the sheet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, like reference characters 
denote like structural elements, and: 

FIG. 1 is a plan view of an unfolded bow tie antenna struc 
ture viewed from the electrically conductive ground plane side 
of the structure; I 

FIG. 2 is a cross section of a portion of the antenna struc 
ture taken along the lines 2-2 of FIG. 1, which section illus 
trates the sandwich-type nature of the antenna structure; 

FIG. 3 is a phantom or outline view of the ground plane 
folded back upon itself with the bow tie shaped slot arranged 
symmetrically about the bend of the fold; ‘ 

FIG. 4 is a side view of a portion of an aircraft illustrating 
the ?ush mounting of an antenna embodying the invention in 
the aircraft dorsal ?n for an aviation communication band ap 
plication; 

FIG. 5 is a block diagram in part and a perspective view in 
part illustrating the flush mounting of antenna structures em 
bodying the invention in the horizontal stabilizer of an aircraft 
for an aviation navigation band application. 

DESCRIPTION OF PREFERRED EMBODIMENT 
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Referring now to FIGS. 1-3 there is shown an antenna ap- , 
paratus embodying the invention. In the outline view of FIG. 3 
an electrically conductive ground plaiie 10 is shown as folded 
back upon itself. A bow tie shaped endless or folded slot 11 is 75 
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arranged symmetrically about the bend 12 of the folded 
ground plane so as to apportion the ground plane 10 into an 
outer portion 100 and an inner portion 10b. For wide band 
performance the slot It has a total length of A/2at the high 
end of the band of interest. However, due to the bow tie shape, 
the slot 11 occupies a rather small area of the surface of 
ground plane 10. Energy feed means, such as coaxial cable 13 
is coupled across slot 11 at the narrow extreme of the bow tie 
near or at the bend area 12. 

In FIG. 1 the ground plane 10 is shown in a plan view of an 
unfolded position so as to more clearly show the slot 1] and its 
electric ?eld directions. For reference purposes the bend 12 of 
FIG. 3 is formed by folding the top and the bottom of the 
ground plane 10 out of the plane of FIG. 1 drawing toward the 
viewer about the dash line U—P. When the antenna structure 
is excited by a signal from a transmitter/receiver device, not 
shown, via cable 13, the resulting electric ?eld has a direction 
which is always across the slot it between its inner and outer 
edges. When the ground plane 10 is not folded as in FIG. 1 the 
electric ?elds in the elongated slot portions R-S and X—W 
tend to cancel one another. However, when the slot is folded 
as in FIG. 3, the ?elds in the elongated slot portions -R—S and 
X—W are additive such that there is a resultant E vector hav 
ing a direction along those planes which are parallel to the 
orientation of the bend 12 (FIG. 3). 
The elongated slot portions R-8 and X—W are preferably 

chosen as long as possible (within the A/Zdesign length) such 
that the electric ?eld induced across these elongated slot por 
tions overcomes the cancelling ?eld due to the slanted slot 
portions P-Q, T-U, U—-V, P—Y. For example, the electric 
?eld at 14 of slot portion T—U has the ?rst component El 
which is perpendicular to the ?eld of portion R-S and a 
second component E2 which is parallel to and in opposition to 
the electric ?eld across the portion R-S. Since the magnitude 
of the E2 component is less than the magnitude of the E ?eld 
in the elongated R-S slot portion, there will be a resultant 
electric ?eld. In addition, the ?eld in the S—'I' portion of the 
slot 11 has a ?eld component parallel to and in the same 
direction as the field of slot portion R-S, as illustrated at 
point 15. These ?eld components in the S-—T portion are also 
additive to the resulting direction of the E vector so as to tend 
to overcome the cancelling effects of the ?eld induced in the ' 
T——U portion. An analysis similar to the foregoing can also be 
made for the PQR, PYX and the UVW slot portion for those 
?eld components which are parallel to the direction of the E 
vector with the'end result that there will be a resultant E vec 
tor having a direction along those planes which are parallel to 
the orientation of the bend 12 of FIG. 3. ' 
Those ?eld components in slot portions PQR and STU 

which are perpendicular to the ?eld contributed by elongated 
slot portion R-S oppose one another. Assuming a uniform 
electric ?eld across the slot 11, the last-mentioned ?eld com 
ponents tend to cancel one another due to the geometrical 
symmetry of the bow tie shaped slot 11. A similar analysis 
could be pursued to demonstrate that those ?eld components 
in the slot portions PYX and UVW which are perpendicular to 
the ?eld contributed by the X—W elongated slot portion tend 
to cancel one another. 

Thus, the polarization of the antenna (E-vector direction) is 
therefore dependent upon the orientation of the bend 12 of 
the folded ground plane 10. Further, electric ?elds due to 
signals from a polarization opposite to a chosen one will be 
substantially cancelled. For example, the antenna structure 
may be mounted on an aircraft dorsal ?n so as to have a verti 
cal polarization for operation in the communication band as il 
lustrated in FIG. 4. 0n the other hand, the antenna structure 
could be mounted upon the aircraft horizontal stabilizer as 
shown in FIG. 5 so as to have a horizontal polarization for 
operation in the navigation band. In either case, the intended 
result is that electric ?elds due to signals of the opposite 
polarization are substantially cancelled. 

Reference is now made to FIG. 2 which is a partial cross 
section of the antenna apparatus as shown in FIG. 1 along the 
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lines 2-2 illustrating an exemplary structurally sound or rigid 
structure for supporting the ground plane 10. As shown in 
FIG. 2, the ground plane 10 may be suitably composed of a 
metallic sheet of material as for example a sheet of aluminum. 
The metallic sheet 10 is mounted upon a rigid structure which 
is shown to comprise sheet substances 16 and 17. According 
to one mode of manufacture, the sheet substance 16 could be 
a sheet of ?exible plastic. The metallic sheet 10 is first 
laminated to the ?exible plastic sheet 16. The slot 11 would 
then be etched according to well-known processes. The 
laminated plastic sheet and metallic ground plane 10 would 
then be bonded at its free surface to a sheet of rigid material 
17. The rigid material 17 may be any suitable electromagneti 
cally transparent material such as fiber glass. Prior to the 
bonding operation, the sheet 17 is preferably formed into a 
folded structure the degree of bend of which is chosen to fit 
the contour of that portion of the aircraft or other vehicle 
where it is to be ?ush mounted. The bonding operation it then 
performed, after which the antenna structure is ready for ?ush 
mounting. 

With reference to FIG. 4 the antenna apparatus may be 
flush mounted for vertical polarization (communication band 
operation) in the dorsal ?n 18 of an aircraft of which only a 
portion is shown. In FIG. 4 the antenna apparatus is 
designated by the reference character 19 and has the same 
bow tie slot as described above. The dorsal fin 18 is shown to 
have two portions 18a and 18b. The portion 18a is mounted 
forward of the antenna 19 while the portion 18b is mounted 
aft of the antenna 19. The metallic ground plane and the an 
tenna structure 19 make contact with the metallic skin of the 
aircraft fuselage. 

Referring next to FIG. 5, antenna apparatus embodying the 
invention is illustrated as adapted for flush mounting in an air 
craft horizontal stabilizer for a navigation band application. In 
this application a pair of substantially identical antenna ele 
ments 20a and 20b, each embodying the invention, are 
adapted for ?ush mounting in a pair of precut receptacles 21a 
and 21b, respectively, in a horizontal stabilizer 22. ‘The energy 
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feed cables 23a and 23b of the antenna elements 200 and 20b, 
respectively, are coupled to a power combiner 24 which com 
bines the received energy. The power combiner, of course, is 
coupled to a receive device 25. 
The precut receptacles 21a and 21b are located on di?'erent 

sides of the tail structure and therefore the fuselage (neither of 
which is shown in FIG. 5) of the aircraft. The reason for two 
elements is that is has been found that one element does not 
operate efficiently throughout the navigation band due to the 
shading effects of the fuselage. The ground plane of each of 
the antenna elements 200 and 20b makes contact with the 
metallic skin of the aircraft horizontal stabilizer. The rib struc 
ture within the stabilizer unit 22 tends to provide cavity 
backing for the folded slot antenna elements 20a and 20b. 
There has been described a novel and improved antenna ap 

paratus in which a sheet of conductive material is folded upon 
itself and has an endless bow tie ‘shaped slot about the bend of 
the fold. The polarization of the antenna element is along 
those planes which are parallel to the orientation of the bend 
of the folded conductive sheet. Preferably the slot length is 
)t/2but can be loaded is desired with an attendant loss in an 
tenna efficiency. For even wider band performance, the slot 
length may be made longer than M2. The width of the slot is 
preferably uniform so as to maintain symmetry. 
What is claimed is: 
1. An antenna comprising 
a sheet of conductive material folded upon itself and having 

a bow tie shaped endless slot arranged symmetrically 
about the bend of the fold on the surface of the sheet. 

2. The invention according to claim 1 wherein said slot has a 
uniform width. 

3. The invention according to claim 2 wherein said conduc 
tive sheet is a sheet of metallic material. ' 

4. The invention according to claim 3 wherein said sheet of 
metallic material is af?gced to.a sheet of rigid electromagneti 
cally transparent material which has the same folded contour 
as the metallic sheet. 
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