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1 
This invention relates ‘to directive antennas 

‘and more particularly to antennas for providing 
alternately ‘or sequentially overlapping directive 
patterns. Such antennas are generally appli 
cable to radio aircraft locators, radio direction 
‘?nders, object detectors ‘and the like. Directive 
a'ntenna systems for ultra high frequencies fre 
quently include a parabolic re?ector with one or 
more radiator elements disposed at or near the 
focal point. The directive characteristic of the 
re?ector is vsuperimposed upon the ?eld pattern 
of the radiator, providing substantially a single 
vnarrow pattern lobe. The axis of this lobe may 
‘be altered with respect to the axis of the re?ec 
-tor by moving the radiator system off center, or 
by providing an unsymmetrical secondary re?ec 
tor or director adjacent the radiator and rotating 
oryoscillating said secondary member. 

It is the principal object of the present inven 
tion to provide an improved system of the above 
described type having no moving parts and 
capable of providing ‘either two or four overlap 
ping directive lobes. 
Another object is to provide an antenna sys 

tem of the above described type in' which the 
necessary switching may be done at any con 
venient point in the feed system between the 
antenna and associated radio apparatus. 

I A further object is to provide a structure of the 
above described type which is mechanically 

‘ strong. 
These and other objects will become apparent 

to those skilled in the art upon consideration 
‘of the following description with reference to the 
‘accompanying drawing, of which Fig. 1 'is a per 
spective view of a radiator structure according 
"to the instant invention, Fig. 2 is a schematic 
diagram of the‘s‘tructure of Fig. 1 and the asso 
ciated transmission line circuits, and Fig. 3 is a 
“schematic ‘diagram of a portion of the system of 
Fig. 1. Similar reference characters indicate 
similar elements in the drawing. 

Referring to Figs. 1 and 2 a coaxial transmis 
"sion line ‘I has its inner conductor connected to a 
radiator 3 substantially 1A; wave length long. 
Four radiator elements ‘5, ‘I, 9 and i I are provided 
‘at the end of the outer conductor of the line I 
and extend radially therefrom along two lines at 
right angles to each ‘other. Each of the elements 
5, "1,9 ‘and ‘II comprise an inner conductor I3, 
which is connected to the outer conductor of the 
line I, and an outer conductor connected to the 
inner conductor at the outer end thereof by a 
plug I5. The outer conductors are made slightly 
shorter than the inner conductors to avoid contact 
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with the line I. Each of the radiator elements :5, 
‘I, 9 and-I I is approximately 1/4 wave length long. 
‘Four coaxial lines I'I, I9, 2| and 23 surround the 
line I with their outer conductors connected to 
‘the outer conductor of the line I. The inner 
conductors of the lines I119, 2| and 23 are con 
nected to the outer conductors of the radiator 
elements 5, 1, 9 and II respectively. The above 
described structure is positioned in a parabolic 
re?ector, not shown. The focal point of the re 
?ector lies approximately in the plane of the 
“radiator elements 5, l, 9 ‘and I I. 

The lines I‘! and ‘2| are connected together at 
a point 25 which is one-half wavelength further 
from the radiator 5 ‘than from the radiator'r9. so 
that voltage applied to the point'25 will excite the 
elements 5 and 9 180 degrees vout of phase. The 
total length ‘of the line between the radiators ‘i5 
and ‘9 ‘is one and one-half wavelengths, or ‘any 
odd number of half wavelengths. A transmission 
line 21 is connected to the point 25 and through 
a line section 29 one-half wavelength long to a 
line 3|. A switch 33 is connected across the 
‘section 29. The radiator‘elements ‘I and II are 
similarly connected to a junction point 35, ali‘ne 
31 one-half w'ave section 39, a line ‘4i and a switch 
43. The lines 3| and 4| are connected to a double 
throw switch '45 which is connected to the line I 
and through va line 4'! to a radio device, not 
shown, 
A power division ‘network may beprovidediin 

the connections between the line 41, the line I 
and the switch 45 if necessary to provide the 
proper ratio between the energizati'ons of the ele 
ment 3 and the radiators 5, ‘I, 9 and II. The 
total length of the line from the switch 45 to each 
of the elements 5, ‘I, 9 and II is an odd number 
of quarter wavelengths. The switches 33, '43 and 
45 ‘may comprise rotatable variable ‘capacitor 
means connected with resonant line sections or 
any other well known type of radio frequency cir 
cuit making and breaking devices. These 
switches may be mechanically ganged together 
for sequential operation by means of an electric 
motor-‘46 or the like. 
The operation is as follows: 
Assuming the antenna is to be used for trans 

mission, the radiator 3 is constantly energized 
through lines I and ‘41. The switch '45 alter 
nately connects the lines 3| and 4|, energizing 
the respective dipoles 5, 9, and ‘I, II. When the 
line 3| is connected to the line 41, the open cir 
cuit presented at the lower end of the line 4| is 
transformed to a short circuit at the upper ends 
of the lines I9 and 23, e?ectively grounding the 
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outer conductors of the members ‘I and II. The 
radiators 5 and 9 are similarly grounded when 
the radiators ‘I and II are energized. When the 
switch 33 is open the total length of the line be 
tween the switch 45 and the radiators 5 and 9 is 
one-half wave longer than when the switch 33 is 
closed. Thus by opening and closing the switch 
33, the polarity of the dipole 5, 9 is reversed. 
Similarly when the lines 4| and 41 are connected 
together by the switch 45, operation of the switch 
43 reverses the polarity of the dipole ‘I, II. 
The radiation pattern of the radiator 3, 

neglecting the effect of the re?ector is approxi 
mately the shape of a torus with an inner radius 
of zero, maximum energy being radiated in all 
directions at right angles to the axis of the 
radiator 3, . - > 

The re?ector 24 modi?es the pattern by’con 
centrating it in a forward direction to'form a 
relatively narrow hollow conical beam, with 
maximum radiation in all‘ directions at “apre 
‘determined small angle to the axis. This pat 
tern is substantially the same Whether one pair 
or the other of the elements 5, 1, 9 and II is 
grounded. When the switch 45 connects the line 
3| and the switch 33 is closed, current flows in 
the radiator elements 5, 9, and 3 as indicated by 
the solid arrow in Fig. 2. The current through 
the elements 5 and 9 provides a toroidal radia 
tion pattern with the axis of minimum radiation : 
along the axis 5, 9. The reflector 24 modi?es this 
pattern to form a single narrow lobe with its 
maximum intensity along the axis of the ele 
ment l3. - 

At a point R in space ahead of and to theright 
of the array, the electric ?eld vector- produced by 
the element 3 is at right angles to the line be 
tween the antenna system and the point R, and 
is directed toward the center. The electric ?eld 
vector produced by the dipole 5, 9 at point R is. 
also'at right angles to the radial line CR, but ex 
tends in the opposite direction. Thus the ?elds 
tend to cancel. . 

At a point L to the left of the; axis of the radi 
ator 3 the ?eld vector produced by the radiator 3-‘ 
is again at right angles to the line from the an 
tenna to the point L and directed inwardly. The 
?eld vector at L produced by the dipole‘ 5, 9 is also 
at right angles to the line CL but extends in the 
same direction as that produced by the element 3 
at point L. Thus the total radiation pattern is 
asymmetrical, having a point of maximum inten 
sity to the left of the axis of the radiator 3. 

If the switch 33 (Fig, 2) is now opened, the 
polarity of the dipole 5, 9 is reversed, producing ' 
?eld vectors at points L and R as indicated by the 
dash arrows. The ?elds are now added at the 
points to the right of the axis of the radiator 3 
and subtracted at points to the left of radiator 3. 
Thus by operating the switch 33 two overlapping 

radiation lobes are produced alternately by the 
elements 35 and 9. The axis of maximum radia 
tion of two lobes lie in the plane de?ned by the 
elements 3, 5, and '9. The operation of the radia 
tors 1 and II, when the switch 45 is thrown to 
connect lines 4! and 47 is identical with the above 
described operation. However, the axis of maxi 
mum radiation will now lie in the plane deter 
mined by the elements 3, ‘l and l I. By operating 
the switches 33, 43 and 45 in the proper sequence, 
four overlapping directive patterns are provided 
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4 
in any desired order. A ?fth lobe, centered on 
the axis of the array, may be provided by opening 
both switches on the array 33 and 33, deenergiz 
ing the radiators 5, ‘l, 9 and l l. 

I claim as my invention: 
1. An antenna system comprising four coplanar 

radiators extending radially from a common cen 
ter, a ?fth radiator extending from said center at 
right angles to the plane of said coplanar radiator, 
means for energizing said ?fth radiator constantly 
and means for selectively energizing collinear 

' pairs of said coplanar radiators. 

15 

2. An antenna system including two pairs of 
’ collinear radiators lying in a common plane, said 
pairs being disposed at an angle to each other, 
two concentric transmission lines each connected 

‘ between the adjacent ends of the radiators of one 
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of said pairs, two branch concentric lines each 
connected to one of said ?rst mentioned lines at a 
point one-quarter wave length distant from the 
midpoint thereof, each of said branch lines in 
cluding a one-half wave line section and means 
for selectively including and removing said section 
from the circuit thereof, a main transmission line, 
means for connecting said main transmission line 
selectively to one of said branch lines, and a 
radiator element disposed at right angles to the 
plane of said coplanar elements and connected to 
said‘main transmission line. 

3; The invention as set forth in claim 2 wherein 
each of said two coplanar radiator elements com 
prises a concentric line section substantially one 
quarter wave length long and short-circuited at 
its outer end and with its inner conductor to the 
end of the outer conductor of said main trans 
mission line. 

4. The invention as set forth in claim 2 includ 
ing a substantially parabolic re?ector arranged 
with its focal plane lying substantially in the 
plane of said coplanar radiators. 

5. An antenna system comprising pairs of col 
linear radiator elements lying in a common plane, 
each of said elements comprising a coaxial line 
section substantially one-quarter wave length long 
with its inner conductor connected to a grounded 
supporting member at one end and to its outer 
conductor at the other end, two concentric lines 
each connected between the outer conductors of a 
respective pair of radiators, each of said concen 
tric lines being substantially an odd number of 
half wave lengths long, two branch lines, one con 
nected to each of said ?rst mentioned lines at a 
point one-half wave length further from one 
radiator element than from the other radiator 
element of the respective pair, a ?fth radiator 
element extending at right angles to two of said 
coplanar elements and connected to a main trans 
mission line, and means for selectively connecting 
said branch lines to said main transmission line. 

6. The invention as set forth in claim 5 wherein 
each of said branch lines includes means for 
,changing‘the length of the transmission path 
through said branch lines by one-half wave 

‘ length. 

'7. The invention as set forth in claim 5 wherein 
each of said branch lines includes an auxiliary 
line section one-half wave length long and means 
for short-circuiting said section. 

‘GEORGE H. BROWN. 


