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This invention relates to energy radiating and receiv 
ing arrays in which the energy pattern is shaped to pro 
vide a desired pattern characteristic, and more particularly 
to transducer and antenna arrays of the type wherein the 
radiating elements are spaced in a rectangular array hav 
ing a low frontal area to permit towing of the array by a 
moving vehicle or aircraft. 
In directional radiating systems of the kind employing 

a plurality of radiating elements arranged in a rectangular 
array for convenient towing, all the elements of said ar 
ray are usually phased to direct a beam in a predetermined 
direction. By so phasing the elements of the array, a 
major lobe and a plurality of side lobes are produced 
having radiation nulls or minima between adjacent direc 
tional lobes. With a pattern characteristic of this type, 
it is difficult if not impossible to transmit energy simul 
taneously and linearly in all directions. In numerous 
applications, it is desirable to provide an omnidirectional 
beam pattern in the azimuthal plane during transmission 
of acoustic or electromagnetic energy and a beam pattern 
which is directional during reception of said energy. It is 
particularly desirable to provide a rectangular transducer 
array capable of a circular radiation pattern uniform with 
in approximately - three decibels for the transmission 
and reception of acoustic and electromagnetic energy. 

In accordance with one embodiment of the invention, 
nine pairs of radiating elements are arranged in two par 
allel rows spaced approximately one-third wavelength 
apart at the operating frequency of the array. Each ele 
ment comprises two transducer units mounted along a 
vertical axis and adapted to radiate energy from both ends 
of each transducer unit. Each transducer unit has a physi 
cal length approximating three-quarter wavelength at the 
operating frequency of said array and adjacent elements 
in a given row are spaced approximately three-eights Wave 
length apart. To provide a uniform directional pattern 
from this rectangular array, the first five pairs of elements 
and the eighth and ninth pairs of elements from the front 
or towing end of the array are connected in one polarity 
i.e., to be fed with a current of one polarity providing a 
first phase relationship, and the sixth and seventh pairs 
of elements are connected in the opposite polarity, i.e., to 
be fed with current of the opposite polarity to provide a 
phase relationship opposite to the aforementioned phase 
relationship. In this manner, the radiating array is adapt 
able for towing as from a surface craft or helicopter in 
asmuch as the low frontal area of the rectangular array 
presents a minimum hydrodynamic and aerodynamic drag. 

In another embodiment, the invention discloses a rec 
tangular array of twelve pairs of energy radiating ele 
ments arranged in two parallel rows spaced approximately 
one-third wavelength apart. Each element comprises iden 
tical upper and lower substantially colinear transducer 
rods having a physical length approximating three-quarter 
wavelength and spaced three-quarter wavelength apart at 
the operating frequency of the array. In this embodiment 
the first six pairs of elements and the tenth and eleventh 
pairs of elements are connected to be fed with current 
of one polarity and the seventh, eighth, ninth and twelfth 
pairs of elements are connected to be fed with current of the opposite polarity. 

While it is expected that an important application of the 
above-described radiating arrays will be for the transmis 
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sion and reception of acoustic energy by incorporating 
transducer elements into the array, it should be under 
stood that the invention, in its broader aspects, includes 
the incorporation of antenna elements for the transmission 
and reception of electromagnetic energy whenever an 
omnidirectional pattern is desirable. The rectangular ar 
ray produces a field pattern characteristic which is simply 
controlled by a coupling network which connects prede 
termined pairs of elements in the same polarity, i.e., to 
be fed with current of one polarity to provide a first phase 
relationship, and the remaining pairs of elements of the 
array in the opposite polarity, i.e., to be fed with current of 
an opposite polarity to provide a second phase relationship 
opposite to said first phase relationship. 

Further objects and advantages of this invention will be 
more apparent as the description progresses, reference 
being made to the accompanying drawing wherein: 

FIG. 1 is a diagrammatic pictorial view of one em 
bodiment of the invention; 

FIG. 2 is a diagrammatic pictorial view of another em 
bodiment of the invention; 

FIG. 3 is a pictorial view, partially diagrammatic, of 
the invention showing an aircraft towing the array; and 

FIG. 4 shows azimuthal field patterns developed by the 
arrays disclosed in the first and second embodiments of 
the invention. 

Referring to FIG. 1, the reference numeral 40 denotes a 
rectangular omnidirectional array comprising nine pairs 
of elements positioned in two parallel rows and spaced 
one-third wavelength apart. The first radiating element 
of a pair of elements comprises two colinear transducer 
units 1 and 3 connected in parallel and adapted to be 
energized from a transmitter, not shown, through parallel 
connecting leads 51. Each transducer unit is three-quarter 
wavelength in length and is adapted to radiate acoustic 
energy from both ends thereof. The units are spaced 
three-quarters wavelength apart in the same plane and 
supported by a conventional support strutcure, not shown. 
The other element making up the first pair of elements 
comprises transducer units 2 and 4, symmetrically spaced 
one-third wavelength from units 1 and 3, and connected 
in parallel by leads 53. Leads 51 and 53 are connected 
in parallel aiding relationship to the transmitter or source 
of energy. In like manner, a second pair of elements 
making up the rectangular array, comprise transducer 
units 5, 6, 7, and 8 also connected in parallel aiding re 
lation and spaced three-eighths wavelength from the first 
pair of elements. Each pair of elements of the array is 
connected in a similar manner with the exception of the 
sixth and seventh pairs of elements from the front or 
towing end of the array. The latter pairs of elements 
comprise units 9-12 and 13-16. Each of these pairs of 
elements are connected in a polarity opposite to the polar 
ity of the other pairs of elements, i.e., to be fed in op 
posite phase relationship as indicated by the plus and 
minus signs on their respective pairs of leads 55, 57, and 
58, 60 indicating the phase relationships of the respective 
feed currents at a given instant. The leads of each pair 
of elements are connected in parallel and in opposition 
to the remaining elements of the array. 

In order to provide directivity during reception of in 
coming acoustic or electromagnetic energy, the end pair 
of elements 7, 18, 19 and 20 are connected to the energy 
source during reception and disconnected from the energy 
source during transmission. In this manner the combina 
tion of the double row of elements and the addition of the 
end pair of elements during reception provide a multiplicity 
of overlapping beam patterns having directivity in a com 
bination of sixteen directions. The double row of ele 
ments is generally used to separate the beams on the right 
or zero to 180 degree direction from the beams found on 
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the left or 180 degree to 360 degree direction of the ar 
ray, as indicated in FIG. 1. - 

For Sonar purposes, the array is enclosed in a towed 
housing or fin-like hull mounting structure, not shown, 
and towed by a surface craft or, alternately, by an air 
craft, as shown in FIG. 3. Each transducer unit contains 
a conventional transducer element. While a conventional 
towed housing can be used, a variable depth towing device 
is described in detail in United States Patent No. 2,879,737 
of W. G. Gorton, issued March 31, 1959, and assigned 
to the assignee of this invention. 

it should be understood that the transducer elements in 
the embodiment of FIG. 1 consists simply of magneto 
strictive rods supported in a well-known manner for vi 
bration within each unit and provided with transducer 
windings disposed along each rod. As noted, when piezo 
electric or polarized ceramic rods are used, the electrodes 
for each rod are mounted either on the inner or outer 
surface of the rods or as stripes at intervals along each 
rod. The connecting wires for a particular element of 
the array are then connected to each stripe or electrode in 
parallel aiding or opposing according to the location of . 
the pair of elements along the array. Thus, as shown in 
F.G. 1, the pairs of elements comprising units 9-12 and 
13-16 are connected in a polarity opposite to the polarity 
of the other pairs of elements. While the elements are 
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connected directly to the source of energy during trans 
mission, during reception of acoustic energy, a conven 
tional beam forming system is used. In this system each 
element is provided with a separate delay line to form a 
beam in a well-known manner as described in detail in 
the United States Patent. No. 2,786, 193 issued March 
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19, 1957, to S. R. Rich, and assigned to the assignee of 
this invention. 

It should be further understood that while the elements 
are shown connected in parallel, a series connection can 
be used for eithersonar or electromagnetic energy radia 
tion and reception. In addition, the spacing along the 
rows of an array is dependent upon the number of ele 
ments in each row which is, in turn, dependent upon the 
number of beams to be formed. During reception, there 
fore, in order that the crossover between receiving beams 
remain at a fixed level of attenuation, say at three decibels, 
nine elements per row are used with three-eighths wave 
length spacing to provide a directional array having sixteen 
overlapping beams. However, when it is desirable to in 
crease the directivity of the array by increasing the nun 
ber of beams during reception, twelve elements per row 
spaced five-twelfths of a wavelength apart are used to pro 
vide a total of twenty-four overlapping beams. - 

Referring now to FIG. 2, the reference numeral 50 de 
notes an array in which the number of elements in each 
row is increased to twelve in order to take advantage of a 
greater number of narrower directive beams during recep 
tion and to provide a higher intensity level than the array 
of FIG. 1 during transmission, while at the same time 
maintaining a uniform radiation pattern within four deci 
bels. In order to achieve this pattern characteristic, FiG. 
2 shows the first pair of elements 2, 22, 23, and 24 con 
nected in parallel aiding relation by means of leads 41 and 
42. In like manner, the first six pairs of elements from 
the zero degree or towing end of the array and the tenth 
and eleventh pairs of elements are connected in parallel 
aiding the same phase. The seventh pair of elements 
25-28, the eighth pair of elements 29-32, the ninth pair of 
elements 33-36, and the twelfth pair 61-64 are connected, 
as shown, by the polarity of their leads, in parallel op 
position to the remaining elements of the array. The two 
rows of elements in the array are spaced one-third wave 
length apart and adjacent elements in the same row are 
spaced five-twelfths wavelength apart. in this manner, 

40 

45 

- w & 

Referring to FIG.3 a helicopter 44 is shown towing, by 
means of a tow line 45, a housing 46 in which is mounted 
the rectangular array. The tow line 45 preferably sup 
ports the connecting leads for the transducer units and the 
transmitter and receiver, not shown, can be in the heli 
copter. 
lined to present a low frontal area to the water during 
tow in order to minimize hydrodynamic drag. 

Referring to FIG.4, the beam pattern for the rectangu 
lar array having nine pairs of active transducer elements 
is shown by the curve 48, and the substantially omnidi 
rectional azimuthal plane characteristic of the array for 
twelve active elements is shown by the curve 49. These 
patterns are substantially the same for acoustic or electro 
magnetic radiations. 

It is to be understood that the above-described arrange 
ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may be 
devised by those skilled in the art without departing 
from the spirit and scope of the invention. Accordingly, 
it is desired that the invention not be limited to the par 
ticular details of the embodiments disclosed herein except 
as defined in the appended claims. 
What is claimed is: . . . . . 1. An energy radiating array comprising nine pairs of 

energy radiating elements arranged in two parallel rows 
spaced approximately one-third wavelength apart at the 
operating frequency of the array, adjacent elements in a 
given row being spaced approximately three-eighths wave 
length apart, each of said elements comprising substan 
tially colinear transducer rods, means interconnecting the 
first five pairs of elements and the eighth and ninth pairs 
of elements from one end of said array to corresponding 
pairs of terminals to transfer energy arriving at said ter 
minals in additive phase relationship, and means inter 
connecting the remaining pairs of elements of said array 
to corresponding pairs of terminals to transfer energy ar 
riving at said terminals in the opposite phase relationship. 

2. An energy radiating array comprising nine pairs of 
energy radiating elements arranged in two parallel rows 
spaced approximately one-third wavelength apart at the 
operating frequency of the array, adjacent elements in a 
given row being spaced approximately three-eighths wave 
length apart, each of said elements comprising substan 
tially colinear transducer rods, each of said rods having a 
physical length approximating three-quarter wavelength 
and being spaced from the corresponding colinear rod 
three-quarter wavelength at the operating frequency of 
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a full 360 degree coverage on both transmission and re 
ception is achieved. The transducer units can be driven 
singly or in groups from the energy source by means of 
well-known power amplifiers, not shown. 75 - 

said array, means interconnecting the first five pairs of 
elements and the eighth and ninth pairs of elements from 
one end of said array to corresponding pairs of terminals 
to transfer energy arriving at said terminals in additive 

I phase relationship, and means interconnecting the re 
maining pairs of elements of said array to corresponding 
pairs of terminals to transfer energy arriving at said 
terminals in the opposite phase relationship. 
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The housing 46, as noted, is preferably stream 

  

  


