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This invention, relates to, antenna systems, and 
more particularly, to multiple-lobe, antenna as 
semblies. Prior systems for obtaining indications of the 
position of a reflecting surface; or, energy source. 
in space through the u - - - - - - - - 

energy waves usually, employ. a group of four d 
rectional transmitting 

are mounted in the closest physical rel 
permitted by their structural character 

which operate in response to transmitted sig 
employ a fifth, directional antenna, usually. 
lar to the antennas of the group, functioning as 
a transmitting or a receiving element, necessarily 
symmetrically positioned with respect to the an 
tennas of the group. The resulting structure is 
not only bulky and produces effects which tend 
to decrease tracking efficiency, but also in es 
separation between the equally spaced axes of 
directivity by an amount at least equal to the 
dimensions of the fifth antenna element. 

It is therefore an object of the present, inven 
tion to provide a novel multiple-lobe antenna. 
assembly free from the foregoing disadvantages. 
Another object is to provide a novel multiple 

lobe antenna, assembly having a plurality of 
equally spaced axes of directivity with minimum 
separation therebetween, and an axis of direc- : 
tivity symmetrically positioned thereof. 
Another object is to provide a novel antenna. assembly providing a plurality of symmetrical 

directional lobe patterns with minimum separa 
tion between the directivity, axes thereof, and a 
single directional lobe. pattern, having an axis of 
directivity equally spaced from the axes of di 
rectivity. 

Still another object of the present invention 
is to provide a multiple-lobe antenna assembly. 
comprising a plurality of symmetrically juxta 
positioned electromagnetic horns establishing a 
plurality of symmetrical lobe patterns 

wide an 

receiving antennas op 

for the type of horns employed, 
respective throat sections T in 

2 
single antenna element does not substantially 
effect the separation, between the directivity axes 
of the patterns. . . . . . s. -- w ... a - - - - - - - - - . . . . . 

Still another object is to provide four sectoral electromagnetic horns symmetrically secured to 

ings which disclose one embodiment of the in 
vention. It is expressly understood however that 
the drawing is designed for 'w rposes of illus 
tration only and not as a definition of the limits 
of the invention, reference for the latter purpose 

characters. - - - - - - -. 

the several views: Fig. 1 is a perspective view of a multiple-lobe 
bl; structed in accordance with 

principles of the present invention; 
Sig. 2 is a front view of the antenna assembly 

of Fig. 1, and " " ' " " " " ' 
Fig. 3 is a perspective view, partly in section, 

potion of the antenna, assembly illustrated 
reference more particularly to Figs. 1 and 

- -, Erawings, an antenna assembly con 
structed in accordance with the 8.- ... ' ' ' g 
present invention is disclosed tr 
four electromagnetic sectoral horns 10, 1, 2 a. 
f3, constructed of metallic material. The horns are symmetrically joined together in juxtaposi 
tion at the mouth sections is thereof to form a unitary structure having a frontal area equal to 

ein including 
10, 1, 2 and 

r to the electric vector. 
gy is fed to the horns 3, 
h rectangular wave guides ?, 12 and 3 throu 0 8, 9, 20 and 2, operating at the proper mode 

, coupled to the 
a conventional 

manner. Th ction comprises an 
antenn: four symmetrically 
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Spaced directional lobe patterns with absolute 
minimum separation between the directivity axes 
thereof. 
AS mentioned heretofore, it is an object of the 

present invention to provide an antenna assemi 
bly having a plurality of symmetrical directional 
lobe patterns With minimum separation between 
the directivity axes thereof, with novel means for 
producing a single directional lobe pattern Syn 
Inetrically positioned with respect to the plurality 
of patterns Without Substantially effecting the 
Separation between the directivity axes thereof. 
The foregoing means comprises a rod-type di 

electric directional antenna, element 22, Con 
Structed of polystyrene, or any other Suitable di 
electric material, positioned centrally of the sec 
toral horns with its longitudinal axis, or its axis 
of directivity, lying Symmetrical With respect to 
the directivity axes of the horns. he juxta 
positioned flare portions 5 and unflared side 
portions 5 are uniformly cut away about the 
center of the unitary structure throughout the 
length thereof to provide Space for a ninetallic 
tubular member 23 Supporting the dielectric 
antenna, element 22. The metallic tubular men 
ber 23 is secured to the cut edges of the fare 
portions 5 and the unfiared side portions 6, and 
extends from a plane spaced from the mouth 
Sections 4, through the unitary Structure in 
symmetrical relation with the axes of directivity, 
and terminates in coupling relation. With a rec 
tangular Wave guide 24. 

Fig. 3 of the drawing discloses the structurai 
relationship between the metallic tubular mem 
ber 23 and the Wave guide 24, and the energy 
coupling means between the dielectric antenna, 
element 22 and the wave guide 24. AS ShoW, the 
end of the wave guide 24 adjacent the plane of 
the throat sections 7 is closed by a metallic plate 
25 having a centrally located circular Opening 3 
therein coextensive with the internal diameter of 
the tubular member 23, and the dielectric anten 
na, element 22 extends throughout the length of 
the tubular member 23 and terminates in the 
plane of the wall 25 with a cylindrical portion 26, 
of reduced diameter, projecting into the Wave 
guide 24. The length and diameter of the por 
tion 26 is selected to provide proper inpedance 
matching at the operating frequency. It is ex 
pressly understood that adequate coupling may 
be provided between the dielectric antenna ele 
ment 22 and the wave guide 24 by terriniinating 
the radiating element 22 within the Wave guide 
24 perpendicular to the wall 25, or by other ineans 
well known to the art. 
As shown particularly in Fig. 2, the metallic 

tubular member 23 is positioned centrally of the 
sectoral horns within the flare portions 5 and 
without the throat sections T. This feature of 
the invention, in addition to the fact that the 
tubular member 23, with the dielectric antenna 
element 22, occupies a relatively Small portion of 
the total projected area of the flare portions 5, 
provides a multiple-lobe antenna assembly 
wherein the centrally positioned antenna ele 
ment 22 has substantially no effect upon direc 
tivity characteristics or attenuation. Moreover, 
any change in directivity or attenuation effects 
all horns equally, and therefore the optimum 
comparative, directivity characteristic obtained 
by joining the horns in symmetrical juxtarela 
tionship is not effected thereby. 

It is expressly understood that the antenna, 
assembly may be constructed in any conyenient 
manner, for example, by building up four Sectoral 
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4. 
horns from the centrally located tubular member 
instead of joining four horns as described hereto 
fore, that a plurality of electric plane horns, 
magnetic plane horns, compound horns or conical 
horns derived from circular Wave guides, may be 
formed Or juxtapositioned in Symmetrical rela 
tion, and that the centrally positioned antenna. 
element may comprise other shapes of dielectric 
material, such as rectangular for example, as Well 
as other types of end-fired elements. Moreover, 
the sectoral horns may be employed to receive 
electromagnetic energy with the rod 22 func 
tioning as a radiating element, or vice versa, and 
the assembly may be employed as a feed to ill 
luminate a reflector or lens, or as a terminal 
antenna, element. 
There is thus provided by the present inven 

tion a novel multiple-lobe antenna, assembly for 
providing a plurality of symmetrical directional 
lobe patterns having minimum separation be 
tween the axes of directivity thereof, and a Single 
directional lobe pattern positioned Symmetrical 
ly of the patterns without effecting the separa 
tion between the axes of directivity or the chair 
acteristics of the lobe patterns, and without Sub 
stantially increasing energy attenuation. Multi 
ple-lobe antenna, assemblies constructed in ac 
cordance with the principles of the present in 
vention are inherently less bulky than Systems 
provided heretofore and are more readily adapted 
for use with precision tracking mechanisms. 
Although only one embodiment of the present 

invention has been disclosed and described here 
in it is expressly understood that various changes 
and substitutions may be made therein. Without 
departing from the spirit of the invention as 
Well understood by those skilled in the art. Ref 
erence therefore will be had to the appended 
claims for a definition of the limits of the inven 
tion. v 

The invention described herein may be manul 
factured and used by or for the Government Of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. 
What is claimed is: 
1. A multiple-lobe antenna assembly connpris 

ing a plurality of antenna elements each provid 
ing a directional lobe pattern, Separate Wave 
guides connected to each of Said antenna ele 
ments, means mounting said antenna elements 
relative to each other to establish minimum Sepa 
ration between the axes of directivity of each of 
said patterns, a single antenna, element providing 
a single directional lobe pattern, and mounting 
means supporting said Single antenna, element on 
said plurality of antenna elements With the Single 
directional lobe pattern thereof Symmetrically 
positioned with respect to the directional lobe 
patterns of said plurality of antenna, eienents 
and still another wave guide connected to Said 
singie antenna, element. 

2. An antenna, assembly comprising a plurality 
of electromagnetic horns joined together to form 
a unitary structure having a frontal area. Sub 
stantially equal to the combined mouth areas of 
said horns, and an end-fired antenna element 
mounted centrally of Said structure. v 

3. An antenna, structure comprising a plurality 
of electromagnetic horns each having a flare por 
tion and a mouth section, means Symmetrically 
mounting said horns in contact at said mouth 
sections to form a unitary structure having a 
plurality of axes of directivity equally-distant 
from the center thereof, each of said horns have 
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ing a corresponding portion thereof adjacent the 
Center of Said structure removed to define an 
Opening lying longitudinally of said horns within 
the flare portions thereof, separate wave guides 
connected to each of said horns, an antenna, ele 
ment positioned in said opening, and still another 
Wave guide connected to said antenna, element. 

4. An antenna, assembly comprising a metallic 
tube terminating a wave guide and supporting 
a dielectric antenna, element, and four electro 
magnetic horns mounted in quadrature about 
Said tube with each quadrant of said tube com 
prising a portion of the flare of One of said horns, 
and Separate wave guides connected to each of 
Said horns. 

5. An antenna, assembly comprising four elec 
tromagnetic horns joined together in quadrature 
relationship at the mouth sections thereof with 
Symmetrical axes of directivity, separate Wave 
guides connected to each of said horns, a tubular 
member positioned centrally of Said horns and 
extending into Said horns Symmetrically of Said 
axes within the flare portions thereof, and a 
dielectric antenna, element carried by said tubu 
lar member, and still another wave guide con 
nected to Said antenna, element. 

6. A microwave antenna assembly comprising a 
plurality of Similar electromagnetic horns each 
having flare portions and mouth Sections, Sepa 
rate wave guides conected to each of Said horns, 
means joining Said horns in juxtaposition at Said 
mouth sections, and a rod-type dielectric antenna, 
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element having a diameter less than twice the 
Small dimension of the projection of any one of 
said flare portions to the plane of Said mouth Sec 
tions positioned centrally of Said horns, and still 
another Wave guide connected to Said antenna 
element. 

7. A microwave antenna assembly comprising 
a plurality of electromagnetic horns each having 
flare portions and mouth and throat Sections, 
Separate Wave guides connected to each of Said 
horns, means joining Said horns in juxtaposition 
at said mouth Sections, and an end-fired antenna, 
element positioned centrally of Said horns and 
extending longitudinally through Said horns 
within the flare portions and without the throat 
sections thereof, and still another Wave guide 
connected to said antenna, element. 
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