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This invention relates to a unitary antenna 
system utilizing two trains of plane polarized 
electromagnetic waves, mutually perpendicular to 
each other in the plane at right angles to their 
direction of propagation and capable of provid 
ing simultaneous operation of radio apparatus on 
the same or on closely adjacent frequencies. 

It is an object of this invention to provide an 
improved antenna structure for simultaneous 
transmission and reception on the same or on 
closely adjacent frequencies. 7 
Another object of this invention is to provide 

a new and improved antenna mount and feed 
assembly for two mutually perpendicular dipoles 
so that the dipoles may be independently excited 
and yet electrically decoupled from each other. 
A further object of this invention is to provide 

an improved means for mounting a re?ecting 
plate in front of the two mutually perpendicular 
dipoles of such a duplex antenna system, in such ' 
a way that in conjunction with a concave re?ec 
tor, said re?ecting plate‘will conserve the direct 
forward radiation and yet not disturb the elec 
trical decoupling of the two dipoles. 
For additional objects and advantages and for - 

a better understanding of the invention, atten 
tion is now directed to the following description 
and accompanying drawings, and also to the ap 
pended claims in which the features of the in 
vention believed to be novel are particularly 
pointed out. In the drawings: 

Fig. l is a longitudinal sectional view of a 
duplex directive antenna system embodying the 
invention, and Fig. 2 is a partial sectional view 
in the plane AA in Fig. 1 and looking in the di 
rection of the two arrows. The capital letters 
A, B, C, D, E, F, G and H refer to plane sections 
through the assembly ‘at the positions indicated 
by the adjacent section lines. . 

Referring to the drawings, the system com 
prises a concave reflector i which may be a parab 
oloid in form. The vertical dipole antenna con 
sists of members 2 and 3 while the horizontal di 
pole antenna consists of members 4 and 5 and 
the one is mounted at 90° with respect to the 
other. The dipole members may consist of flat 
plates with rounded ends as shown. 
A co-axial transmission line ‘I, 8 enters the 

assembly at section B and feeds the vertical di 
pole 2, 3. A similar co-axial transmission line 
9, It] has an expanding conical cross section 
from section D ‘to section E for improved match 
ing purposes and enters the main assembly at 
section C, where conductor 9 is fastened to con 
ductor 8. The coaxial transmission lines '1, v8 and 
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9, l0 are adapted to be energized from two sep 
arate sources of high frequency energy which 
may be of the same or different frequencies. The 
invention has particular utility in a system where 
‘the antennas are to be energized at the same, or 
closely adjacent, high frequencies, where it is 
most difficult to avoid undesired mutual coupling. 
Section B to C of tubular conductor l2 provides 
a quarter-wavelength metallic insulator to se 
cure the assembly, the quarter wavelength being 
with respect to the frequency impressed between 
conductors 9 and I8. 
At section F, a tubular shell [4 is fastened to 

the outside of tubular conductor I2 which is 
there terminated in an expanding conical cross 
section. Also at section F, a conducting cone 
i5 is fastened to conductor 8 and at section G 
an intermediate tubular shell I3 is fastened to 
the conducting cone I5. The purpose of the coni 
cal cross section of tubular conductor l2 and of 
cone I5 is to provide an impedance match be 
tween the co-axial system consisting of conduc 
tors l2 and 8 and the system consisting of shells 
l3 and [4. 
Two slots 26 are formed by cutting conductor 

8 on both sides in parallel horizontal planes for 
a length of approximately one-quarter wave 
length at the operating frequency of the dipole 
2, 3, on either side of section line A and extend 
ing from section H to section G. At section A, 
inner conductor 1 is fastened by a short vertical 
conductor 25 to either the upper or lower seg 
ment of conductor 8. In this embodiment the 
upper segment of conductor 8 is the one con 
nected. , 

Two short slots 2'! are formed by cutting shell 
is on both sides in parallel vertical planes for a 
length sui?cient to insure the projection of dipole 
elements 2 and 3 through the shell without con 
tact. Two slots 28 are formed by cutting shell 
E4 on both sides in parallel vertical planes for a 

_ length of approximately one-quarter wavelength, 
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at the operating frequency of dipole 4, 5, on either 
side of section A and extending from section H 
to section G. At section A, horizontal dipole ele 
ments 4 and 5 are fastened to shell l4, and one 
of vthe elements, in this embodiment the right 
hand element 4 as shown in Fig. 2, projects right 
through shell M and is also fastened to shell I3. 
At section H, the conducting assembly, con 

sisting of conductor 8 and shells l3 and M, is 
terminated by a bushing 38. Circular reflector 
3| is fastened to the bushing 38 and is ‘placed at 
a distance from section A through the dipole 
elements of approximately one-quarter wave 
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length at the mean operating frequency of the 
dipoles. 
In operation, the effect of the quarter-wave 

portion of the slots 26 from section G to section 
A is to make a balancing transformer of the un 
cut sections of conductor 8 which convert the 
balanced impedance of the dipole elements 2 and 
3 into the characteristic impedance of inner con 
ductor ‘I to conductor 8. Similarly the effect 
of the portion of the slots 28 from section G to 
section A is to make a balancing transformer of 
the uncut section of shell I4 which converts the 
balanced impedance of the dipole elements 4 
and 5 into the characteristic impedance of shell 
13 to shell l4. The short slots 21 in shell I3 are 
simply to permit mounting of the vertical dipole 
elements 2 and 3 independently of shell I3. The 
purpose of the quarter-wave portions of slots 
26 and 28, from section A to section H, is to effect 
a metallic insulator to provide a more balanced 
and decoupled electric ?eld and to give mechani- 
cal support to re?ector 3|. 

It will be observed that to the right of section 
F, the radio frequency excitation to dipole ele 
ments 2 and 3 is by means of the electromagnetic’ ~ ; 
?eld existing between conductors 1 and 8, and 
similarly, the radio frequency excitation to dipole 
elements 4 and 5 is by means of the electromag 
netic ?eld existing between conductor 8 and 
tubular conductor I2. From section F to G, the 
impedance is converted and to the left of section 
G, the excitation for dipole elements 2 and 3 
remains unchanged by means of the electromag 
netic ?eld between conductors ‘I and 8, while the 
excitation to dipole elements 4 and 5 is now by 
means of the electromagnetic ?eld existing be 
tween shells I3 and Hi. The purpose of this ar 
rangement is to decouple the vertical dipole ele 
ments from the horizontal dipole elements and 
prevent any coupling in the feed system. 
While a speci?c embodiment has been shown 

and described, it will, of course, be understood 
that various modi?cations may be made with 
out departing from the invention. The appended 
claims are therefore intended to cover any such 
modi?cations within the true spirit and scope of 
the invention. : 

What I claim as new and desire to secure by 
Letters Patent of the United States is: 

1. A duplex directive antenna system for si 
multaneous operation with two independent 
radio frequency waves of the same or closely ad 
jacent high frequencies, comprising a' pair of 
mutually perpendicular dipole antennas lying in 
a plane normal to the directive axis of the sys 
tem, each dipole antenna having a pair of center 
feed points, a coaxial structure comprising an in— 
ner conductor extending along said axis and 
surrounded by an intermediate coaxial tubular 
conductor and by an outer coaxial tubular con 
ductor, said structure terminating at a distance 
from said plane substantially equal to one quarter 
wavelength at the mean operating frequency of 
said antennas, ?rst coupling means for supplying 
wave energy to the ?rst channel de?ned by said 
inner and intermediate conductors, second cou 
pling means for supplying Wave energy to the 
second channel de?ned by said intermediate and 
outer conductors, and two groups of three sub 
stantially parallel line conductors for individually 
coupling said antennas to said channels, said ?rst 
group providing a ?rst connection from one feed 
point of one antenna to the end of said inner 
conductor, a second connection from said one 
feed point of said one antenna to the end of said 

10 

15 

20 

30 

45 

60 

65 

70 

75 

4 
intermediate conductor and a third connection 
from the other feed point of said one antenna to 
the end of said intermediate conductor, and said 
second group providing a fourth connection from 
one feed point of said other antenna to the end 
of said intermediate conductor, a ?fth connec 
tion from said one feed point of said other an 
tenna to the end of said outer conductor and a 
sixth connection from the other feed point of 
said other antenna to the end of said outer con 
ductor. 

2. A duplex directive antenna system for si 
multaneously operation with two independent 
radio frequency waves comprising a pair of 
mutually perpendicular dipole antennas lying in 
a plane normal to the directive axis of the 
system, each dipole antenna having a pair of 
center feed points, a coaxial structure compris 
ing an inner conductor extending along said axis 
to said plane and surrounded by an inter 
mediate coaxial tubular conductor and by an 
outer coaxial tubular conductor, ?rst coupling 
means for supplying wave energy to the ?rst 
channel de?ned by said inner and intermediate 
conductors, second coupling means for supply 
ing wave energy to the second channel de?ned 
by said intermediate and outer conductors, said 
intermediate and outer conductors each being 
cut away to de?ne a pair of complementary longi 
tudinal slots opposite a different one of said an 
tennas, the remaining wall portions forming in 
ner and outer pairs of substantially parallel con 
ducting portions, one pair of said conducting por 
tions being connected to the feed points of each 
antenna, each of said slots extending away from 
said plane along said axis by a distance sub 
stantially equal to a quarter wavelength at the 
frequency of operation of the antenna connected 
to the adjacent portions, a ?rst feed connection 
between said inner conductor and one feed point 
on the inner pair of said portions, and a second 
feed connection between said intermediate con 
ductor and one feed point on the outer pair of 
said portions. 

3. A duplex directive antenna system for si 
multaneous operation with two independent radio 
frequency waves comprising a pair of mutually 
perpendicular dipole antennas lying in a plane 
normal to the directive axis of the system, each 
dipole antenna having a pair of center feed points, 
a coaxial structure comprising an inner con 
ductor extending along said axis to said plane 
and surrounded by an intermediate coaxial 
tubular conductor and by an outer coaxial tubular 
conductor, ?rst coupling means for supplying 
wave energy to the ?rst channel de?ned by said 
inner and intermediate conductors, second cou 
pling means for supplying wave energy to the 
second channel de?ned by said intermediate and 
outer conductors, said intermediate and outer 
conductors being cut away to de?ne a pair of 
complementary longitudinal slots opposite a dif 
ferent one of said antennas, the remaining walls 
forming inner and outer pairs of substantially 
parallel conducting portions, one pair of said 
conducting portions being connected in said 
plane to the feed points of each antenna, each of 
said pairs of slots extending away from said 
plane along said axis by a distance substantially 
equal to a quarter wavelength at the frequency 
of operation of the antenna connected to the 
respective portions, a ?rst feed connection in said 
plane between said inner conductor and one feed 
point on the inner pair of said portions, and a 
second feed connection between said intermedi 
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ate conductor and one feed point on the outer 
pair of said portions, said second feed connec 
tion being located at a point spaced one-quarter 
wavelength from said plane at the frequency of 
operation of the antenna connected to said outer 
pair of said portions. 

4. A duplex directive antenna system for si 
multaneous operation with two independent radio 
frequency waves comprising a pair of mutually 
perpendicular dipole antennas lying in a plane 
normal to the directive axis of the system, each 
dipole antenna having a pair of center feed points, 
a coaxial structure comprising an inner con 
ductor extending along said axis and surrounded 
by an intermediate coaxial tubular conductor and 
by an outer coaxial tubular conductor, ?rst cou 
pling means for supplying wave energy to the 
?rst channel de?ned by said inner and inter 
mediate conductors, a second coupling means for 
supplying wave energy to the second channel 
de?ned by said intermediate and outer con 
ductors, said intermediate and outer conductors 
each being cut away on both sides of said plane 
to de?ne a pair of complementary longitudinal 
slots opposite a different one of said antennas, 
the remaining walls forming inner and outer 
pairs of substantially parallel conducting por 
tions, one pair of said conducting portions be 
ing connected in said plane to the feed points of 
each antenna, and said slots each extending 
away from said plane in both directions along 
said axis by a distance substantially equal to a 
quarter wavelength at the frequency of operation 
of the antenna connected to the respective por 
tions, an intermediate coaxial tubular shell posi 
tioned between said pairs of conducting portions, 
said intermediate shell being connected at one 
end-to said intermediate conductor and having 
openings surrounding the antenna connections 
to said inner pair of portions, a ?rst feed con 
nection in said plane between said inner con 
ductor and one feed point on the inner pair of 
said portions, a second feed connection in said 
plane between said intermediate shell and one 
feed point on the outer pair of said portions, and 
a re?ector conductively supported by said por 
tions and by said shell on the opposite side of 
said plane from said ?rst and second coupling 
means. 

5. A duplex unidirectional antenna system for 
simultaneous operation with two independent 
radio frequency waves comprising a pair of mu 
tually perpendicular dipole antennas lying in a 
plane normal to the directive axis of the system, 
each dipole antenna having a pair of center feed 
points, a coaxial structure comprising an inner 
conductor extending along said axis and sur 
rounded by an intermediate coaxial tubular con 
ductor and by an outer coaxial tubular con 
ductor, ?rst coupling means for supplying wave 
energy to the ?rst channel de?ned by said inner 
and intermediate conductors, second coupling 
means for supplying wave energy to the second 
channel de?ned by said intermediate and outer 
conductors, said intermediate and outer con 
duetors each being cut away on both sides of said 
plane to de?ne a pair of complementary longi 
tudinal slots opposite a different one of said an 
tennas, the remaining walls forming inner and 
outer pairs of substantially parallel conducting 
portions, one pair being connected in said plane 
to the feed points of each antenna, and said slots 
each extending away from said plane in both di 
rections along said axis by a distance substan 
tially equal to a quarter wavelength at the fre 
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6 
quency of operation of the antenna connected to 
the respective portions, an intermediate coaxial 
tubular shell positioned between said pairs of 
conducting portions, said intermedite shell be 
ing connected at one end to said intermediate 
conductor and having openings surrounding the 
antenna connections to said inner pair of por 
tions, a ?rst feed connection in said plane be 
tween said inner conductor and one feed point 
on the inner pair of said portions, a second feed 
connection in said plane between said intermedi 
ate shell and one feed point on the outer pair of 
said portions, and a concave reflector positioned 
to locate the focus thereof substantially at said 
antenna. 

6. A duplex unidirectional antenna system for 
simultaneous operation with two independent 
radio waves on closely adjacent frequencies, com 
prising a pair of mutually perpendicular dipole 
antennas lying in a plane normal to the directive 
axis of the system, each dipole antenna having a 
pair of center feed points, a coaxial structure 
comprising an inner conductor extending along 
said axis and surrounded by an intermediate co 
axial tubular conductor and an outer coaxial 
tubular conductor, ?rst coupling means for sup 
plying wave energy to the ?rst channel de?ned 
by said inner and intermediate conductors, sec 
ond coupling means for supplying wave energy 
to the second channel de?ned by said inter 
mediate and outer conductors, said intermediate 
and outer conductors each being cut away on 
both sides of said plane to de?ne a pair of com 
plementary longitudinal slots opposite a different 
one of said antennas, the remaining walls form 
ing inner and outer pairs of substantially parallel 
conducting portions, one pair being connected in 
said plane to the feed points of each antenna, 
and said slots each extending forwardly and also 
rearwardly from said plane along said axis by 
distances substantially equal to a quarter wave 
length at the mean operating frequency of said 
antennas, an intermediate coaxial tubular shell 
positioned between said pairs of conducting por 
tions, said intermediate shell being connected to 
said intermediated conductor at a distance one 
quarter wavelength rearwardly of said plane, said 
shell openings surrounding the antenna connec 
tions to said inner pairs of portions, a ?rst feed 
connection in said plane between said inner con 
ductor and one feed point on the inner pair of 
said portions, a second feed connections in said 
plane between said intermediate shell and one 
feed point on the outer pair of said portions, a 
transverse re?ecting plate conductively supported 
by said intermediate and outer conductors and 
by said intermediate shell at a distance approx 
imately one quarter wave-length forwardly of 
said plane, and a concave reflector surrounding 
said co-axial structure and located rearwardly 
of said plane with said dipole antennas near its 
focal point. 

BURTON P. BROWN, JR. 
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