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United States Patent Office 3,218,645 
Patented Nov. 16, 1965 

3,218,645 ENEFERE ARRAY HAVENG VERTICALLY AND 
HaR,2STAi LY SPA.C.E PARASETIC ARRAYS 

Hernaaaa W. Ehrenspeci, 94 Faraiaana St., Beinot, Mass. 
Original application Mar. 6, 1958, Ser. No. 79,698, OW 

Patient No. 3,096,520, dated Jaiy 2, 1963. Divided and 
this applicatiosa June 25, 1963, Ser. No. 290,569 

4 Clains. (C. 343-89) 
(Granted under Title 35, U.S. Code (1952), sec. 266) 
The invention described herein may be manufactured 

and used by or for the United States Government for 
governmental purposes without payment to me of any 
royalty thereon. 
This application is a division of my application, Serial 

No. 719,698, filed March 6, 1958, now Patent No. 
3,096.520. 

This invention relates generally to antennas, and more 
particularly to a method and means for controlling the 
amplitude and phase across a virtual aperture. 

Endfire arrays, such as Yagi antennas, may be analyzed 
in terms of the amplitude and phase distribution in a 
virtual aperture plane transverse to the array axis and 
located at the end of the array. Arrays of this type 
usually have high side lobes like horns which, according 
to this invention, may be reduced by affecting the ampli 
tude and phase distribution in the virtual aperture of the 
endfire array. 

According to the teachings of my invention, both ampli 
tude and phase distribution may be affected by placing 
one or more parasitic side rows on both sides of the 
center array, thus transforming the array into a two 
dimensional array. 
The utilization of the parasitic arrays of my invention 

provide a reduction in side lobes, increased gain, and 
increased bandwidth with respect to pattern. 

It is, therefore, an object of my invention to produce 
a novel method and means for reducing side lobes of 
an antenna pattern. 

It is another object of my invention to produce a novel 
endfire array having good side lobe reduction and in 
creased gain. 

It is still another object of my invention to produce a 
novel method and means for increasing antenna band 
width with respect to pattern. 

it is a further object of my invention to provide a novel 
method and means for producing side lobe reduction 
which may be applied to existing endfire arrays. 

It is a still further object of my invention to produce 
a novel means for side lobe suppression not requiring 
additional feed systems. 
Another object of my invention involves the utilization 

of parasitic side rows to a center array in the vertical as 
well as horizontal direction to improve pattern and gain 
performance. 

Still another object of my invention involves the utiliza 
tion of a novel means for side lobe reduction applicable 
to both high and low frequency antennas. 
A further object of my invention involves the produc 

tion of an antenna Suitable for use for scatter propaga 
tion. 

These and other advantages, features and objects of the 
invention will become more apparent from the following 
description taken in connection with the illustrative emi 
bodiments in the accompany drawings, wherein: 

FIG. 1 is a representation of an antenna array with 
two parasitic side rows; 

FIG. 2 is a plan view of a two-dimensional endfire 
array with six parasitic side rows; 

FIG. 3 is a Schematic end view of a three-dimensional 
eradfire array illustrating the relative positions of the main 
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array and the parasitic arrays; FIGURE 3a is an isometric 
view of FIGURE 3; and 

FIG. 4 is a schematic representation of an arrange 
ment for rendering the parasitic arrays suitable for scatter 
propagation. 
The end of an array may be considered to be a radiating 

aperture, and because there are no physical limits, it is 
called a virtual aperture. Since power levels more than 
approximately 20 db below maximum do not make sub 
stantial contribution to the far field pattern of an array, 
the virtual aperture of an endfire array may be expressed 
in terms of Wavelength as is done with broadside arrays; 
therefore, the gain and pattern of an endfire array may 
be expressed as a function of the amplitude distribution 
and phase distribution in the virtual aperture. Accord 
ingly, changes in both gain and pattern may be accom 
plished by changing the width of the virtual aperture and 
the amplitude and phase distribution within said aperture. 
An array change from single to two-dimensional allows 
an increase in gain by increasing the virtual aperture; 
reducing side lobes by changing amplitude and phase 
distribution within said aperture; and simultaneously in 
creasing gain and achieving side lobe reduction by chang 
ing both aperture distribution and width. 

Referring to FIG. 1, a ground plane 19 may be used, 
although it does not form a necessary part of my inven 
tion. Mounted on the ground plane E0 is an example of 
an endfire antenna shown as a Yagi array 11 of mono 
poles with a reflector 12. A coaxial feed means 13 excites 
the array from beneath the ground plane. 

It was found that the width of, and distribution in the 
virtual aperture at effective energy levels can be changed 
in the desired manner by Symmetrically placing one or 
more shorter rows of parasitic elements 14 and 15 on 
either side of the center array. The utilization of a non 
symmetrical arrangement produces a change in pattern. 
Parasitic side rows 14 and 15 act as smaller wave channels 
fed mainly by coupling from the main center array 
which results in a two-dimensional parasitic endfire array 
excited by a single feed 13 of the main array . 
The dotted line portion represents an aperture plane 

With arbitrary limits of 20 db of maximum power level 
in the vertical and transverse directions. 

Side rows 14 and 15 are adjusted so that the phase front 
in the virtual aperture is as uniform as possible and the 
amplitude distribution is given the form needed for a 
Specified pattern. Phase may be controlled by adjusting 
the phase velocity which depends on the Spacing, height, 
and diameter of the parasitic elements. An infinite num 
ber of combinations of these parameters may be used to 
achieve a desired phase velocity. Amplitude may be con 
trolled by variation of side row length. The adjustments 
of the phase front and amplitude distribution can be 
performed, within limitations, relatively independently 
of each other. 

In order to couple Sufficient energy to the side arrays 
14 and 15, the usual placement of these arrays falls with 
in the virtual aperture. The phase deviation in the virtual 
aperture of the center array 11 without the parasitic side 
rows undulates and side row displacement is usually made 
at the point of maximum deviation; however, adjustment 
of the various parameters allows a placement anywhere 
Within the virtual aperture and even slightly outside it 
depending on the amount of coupling energy desired. 

Tests made on the array of FIG. 1 indicate an increased 
gain of 30% and an increased virtual aperture of 37% 
using the following exemplary physical dimensions: 
Length of center array it -------------------- 6.0X 
Length of parasitic side rows 24 and 15 ------- 3.2X 
Side row Spacing from center array ------------ .66A 
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Element spacing ---------------------------- .20A 
Element diameter --------------------------- .048N, 

FIG. 2 is a top view of an antenna having a center 
array 1 with reflectors i2, a feed 3 and six side roWS 
16, 7, 18, 9, 20 and 21 wherein the virtual aperture is 
increased by 66% above the Yagi type end fire array, and 
the measured gain increase is 60%. 
An extension of the principle of this invention to in 

crease the height of the virtual aperture in the vertical 
direction would be to place side arrays above (and below 
if there is no ground plane) the center array . By thus 
passing from a two-dimensional to a three-dimensional 
array a further increase in gain results. FIG. 3 is a sche 
matic representation of an end view of a three-dimen 
sional antenna having a central Yagi array is and parasitic 
arrays 22, 23, 24 and 25. Of course the absence of a 
ground plane indicates the use of dipoles rather than 
monopoles in this embodiment. Since the parasitic ar 
rays do not act as reflectors, the height of the elements of 
the arrays will be less than a quarter wavelength for 
monopoles and a half wavelength when dipole elements 
are used. As shown in FIG. 3a, which is an isometric 
view of the embodiment of FIG. 3, the parasitic arrays 22, 
24, 23 and 25 are spaced from the main array i. Thus, 
the resultant antenna appears to be similar to the embodi 
ment illustrated in FG. 1 with additional parasitic arrays 
in the vertical plane, each pair of arrays acts with respect 
to the main array to increase the virtual aperture in the 
plane in which they lie. The parasitic arrays are posi 
tioned outside the field of the feed 13, which is placed in 
front of a reflector 2, as presented with respect to the 
two-dimensional embodiments. The change from a two 
dimensional to a three-dimensional array provides addi 
tional wave channels fed by coupling from the center ar 
ray, and adjustments for amplitude and a uniform phase 
front in the virtual aperture are achieved in the same man 
ner as that defined relative to the two-dimensional arrays. 
Coupling of energy is increased by placing the parasitic 
arrays within the virtual aperture although, as noted rela 
tive to the embodiment of FIG. 1, parasitic arrays could 
be placed slightly outside the virtual aperture depending 
upon the amount of coupling desired. The addition of 
the parasitic arrays in the third dimension thus provides 
additional gain and pattern improvement with an attend 
ant increase of the virtual aperture. 
Thus, the performance of an end fire array may be ex 

plained relative to the concept of a virtual aperture lo 
cated at the end of the array, and accomplishment of con 
trol of this aperture by coupling energy parasitically from 
the main array into adjacent side rows. 

Utilization of the teachings of my invention produce 
changes in side lobe level and gain, simultaneously. These 
accomplishments are obtained by low cost antenna con 
struction without an appreciable increase in space con 
pared with conventional end fire arrays of the same length. 
Furthermore, the initial feed system can be used without 
complicated power distribution networks common to other 
antenna capable of producing comparable results. 

Non-symmetrical arrangements of the parasitic arrays 
fall within the scope of my invention in that assymetry 
produces a change in the pattern of the resulting beam; 
therefore, it follows that a sweep for scatter propagation 
may be achieved by changing the phase by changing the 
height of the parasitic arrays; e.g., as shown in FIG. 4, 
by attaching the monopoles to a single support 26 and 
moving the elements through the ground plane and con 
trolling the height by means of an eccentric or can 27 
acting on said support or by rotating the dipoles of the 
parasitic side rows which, in effect, change their electrical 
length. 
Although the invention has been described with refer 

ence to particular embodiments, it will be understood to 
those skilled in the art that the invention is capable of a 
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4. 
variety of alternative embodiments within the spirit and 
scope of the appended claims. 

I claim: 
1. A three-dimensional antenna array comprising a 

main center array being excited by a single feed and hav 
ing a virtual aperture predetermined by the characteristics 
of said main array, a multiplicity of parasitic arrays, each 
of said arrays having energy coupled thereto exclusively 
by way of said main center array, at least one of Said 
parasitic arrays being horizontally displaced from Said 
main array and at least one other of said parasitic arrays 
being displaced vertically from said main array, said hori 
zontally and vertically displaced arrays operating to mod 
ify said virtual aperture in the horizontal and vertical 
direction, respectively, to obtain increased gain by narrow 
ing the beam pattern therefrom. 

2. A three-dimensional antenna array comprising a 
main center array being excited by a single feed and hav 
ing a virtual aperture predetermined by the characteristics 
of said main array, and a multiplicity of parasitic arrays, 
each of said parasitic arrays having energy coupled there 
to exclusively by way of said main center array wherein 
said energy coupled thereto travels in the same longi 
tudinal direction as that of said main center array, at least 
one of said parasitic arrays being horizontally displaced 
from said main center array to modify said virtual aper 
ture in the horizontal direction, and at least one of Said 
parasitic arrays being vertically displaced from said main 
outer array to modify said virtual aperture in the vertical 
direction. 

3. A three-dimensional antenna array comprising a 
main center array being excited by a single feed and hav 
ing a virtual aperture determined by the characteristics of 
said main array, four parasitic arrays, each of Said arrayS 
having energy coupled thereto exclusively by way of said 
main array, said coupled energy traveling in the same 
longitudinal direction towards said virtual aperture as in 
said main array, two of said four parasitic arrays being 
positioned horizontally on either side of said main array, 
and the other two of said four parasitic arrays being posi 
tioned vertically on either side of said main array, where 
in said vertically displaced parasitic arrays operates to 
modify said virtual aperture in the vertical direction and 
said horizontally disposed parasitic arrays operates to 
modify said vertical aperture in the horizontal direction. 

4. A three-dimensional antenna array comprising a 
main center array being excited by a single feed and hav 
ing a beam pattern determined by the characteristics of 
said main center array, a multiplicity of parasitic arrays, 
each of said parasitic arrays having the longitudinal axis 
thereof in approximately parallel relationship to that of 
said main array and further being positioned at a prede 
termined distance therefrom to provide energy thereto 
exclusively by coupling from said main array, at least one 
of said parasitic arrays being horizontally displaced from 
said main array to modify said beam pattern to increase 
the gain, and at least one of said parastic arrays being 
vertically displaced from said main array to modify said 
beam pattern to further increase the gain. 
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