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UNITED STATES PATENT OFFICE 
JOHN STONE STONE, OF SAN DIEGO, CALIBORNIA, ASSIGNOR TO AMERICAN TELEPHONE 

AND TELEGRAPH. COMPANY, A CORPORATION OF NEW YORK 
D3 RECTIONAL ANTENNA ARRAY 

Application filed January 26, 1927. Serial No. 163,774. 
This invention relates to directive antenna 

arrays. 
The earliest means employed to direct elec 

tromagnetic waves in an approximately par 
allel beam was the actual cylindrical para 
bolic reflector. A cylindrical parabolic re 
flector of, for example, sheet metal, having 
the oscillator substantially coincident with 
its focal line, directs rays to a conjugate cy 
lindrical sheet metal parabolic reflector, in 
the focal line of which may be placed what 
is known as the resonator. Since the employ 
ment of this very early means of directional 
transmission, a number of modifications of 
this means have been made for securing fur 
ther directive radio communication. 

In considering the use of parabolic reflec 
tors in radio or high frequency electrical 
transmission, the temptation is very strong 
to make inappropriate and illegitimate use. 
of the analogue with the parabolic mirror 
in its use for producing a parallel beam of 
light. The analogue of the parabolic mirror 
is safe enough if it is remembered that the 
light must be monochromatic, i. e., light of 
a single wave length, and that the dimensions 
of the mirror must at most be but a few wave 
lengths in width. When these limitations 
are borne in mind, much of the utility of the 
light analogue as a means of clarification 
vanishes. In order to better understand this 
invention, the maximum legitimate use of the 
analogy with the light problem will be made 
in order to better understand the electromag 
netic problem of short wave or high fre 
quency transmission. 
While this invention will be pointed out 

with particularity in the appended claims, 
the invention itself, both as to its objects 
and features, will be better understood fron 
the detailed description hereinafter given, 
when read in connection with the accompany 
ing drawings, in which Figures 2.6 to 8, 
10 to 12, and 15 to 21, inclusive, comprise 
various parabolic and parabolic image 
arrays. Fig. 13 represents a couplet of pairs 
of conductors. Figs. 1, 3 to 5, 9, 14, 24 to 31. 
inclusive, represent curves characteristic of 
the invention employed as aids to an analysis 

and understanding of the invention. Figs. 
22 and 23 represent uniform linear arrays. 

Referring to Fig.1 of the drawings, there 
is shown a cross-section of a cylindrical para 
bolic mirror designated by the reference 
characters BOC. The reference character F 
designates the section of an incandescent 
filament whose axis lies in the focal line of 
the mirror. This figure shows that the light 
emanating from the organization consists of 
a parallel beam of light reflected from the 
mirror, and another and divergent beam of primary light emanating directly from the 

s 

filament which is at the focal line of the 
mirror. This figure also shows that the pri 
nary light from the filament which escapes 
from the mirror is wasted, besides being det 
rimental so far as the directive effects of the 
system are concerned, and clearly suggests 
that an improvement could be effected in the 
organization if this primary light could be 
substantially suppressed without at the same 

ii) 

time Suppressing, or otherwise interfering 
with, the parallel beam of light reflected 
from the parabolic mirror. This can only 
be done in the imagination, at least, by dis 
pensing with the incandescent filament and 
making the surface of the reflector at every 
point Self-luminous in just the phase and de 
gree of illumination to which the filament 
formerly illuminated it. 
The degree to which the filament at the 

focal line of the mirror illuminates the dif 
ferent parts of a parabolic surface is illus 
trated in Fig. 2. In this figure, radial lines 
extend from the focus to the surface of the 
parabola at equal intervals of 10 degrees, 
and the spaces between them therefore rep resent substantially equal pencils of light 
emanating from the filament. The parabolics 
mirror is, for convenience, assumed to be a 
perfect reflector, and pencils of light are all 
reflected parallel to the axis of the parabola, 
corresponding to those pencils of light origi 
nating at the filament and striking the stir face of the parabola radially. 
An inspection of Fig.2 shows that the sur 

face of the parabolic mirror is illuminated 
most intensely at and near the vertex, and 
that the intensity gradually diminishes with 

; 
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65 illumination being greatest at A (directly 7. In the parabolic grid of Fig. 7, the wires 

2 

a departure from that point outwardly along 
the curve. Similarly, this figure shows the 
varying 
beam. The intensity of this beam is seen to 
be greatest at the center, and to wane gradul 
ally from that point to the periphery of the 
beam. 
The geometry of the system is derived from 

Fig. 3 of the drawings showing another 
cross-sectional view of a parabolic surface. 
In a parabolic curve having the equation 

O 

0. 
cos'2, 

r being the radial distance of any point on 
the parabola from the focus and 0 being the 
angle between the radial line from the focus 
to the point on the parabola and the axis of 
the parabola. Clearly, the intensity of the 
light of the parallel beam reflected from the 
mirror is proportional to 

and this intensity may be expressed mathe 
matically as follows: - 

6 
do cos' 1 (1) 
dy a r 

The lag d in the phase of the light which 
falls on the surface of the parabolic mirror 
behind that of the light emanating from the 
focus is given by the following expression: 

27ta, 

A cos' 
In this expression. A represents the Wave 
length. It will also be readily understood that the intensity of light falling upon any 
surface is given by 

d6 !--- ds /dry 
r +(d6 

in which s is the length of arc and is the 
radius vector. From this it follows that 

8 
cos 2 

8 (2) 

do. 
ds 

(3) 
0. 

and that 
- - - 1 , . -, -, -a. S = ivy -- 4a”-- a logicut Vf- 4a) (4) 

Viewed from a great distance, the image 
of the filament at the focus appears to be a 
continuously illuminated surface lying in the 
plane of the directrix ZZ of the parabola. 
BOC of Figs. 2 and 3. This plane, however, 
is not uniformly illuminated, the intensity of 
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opposite the focus) and gradually diminish 
ing with the departure from A toward the 

intensity of the parallel reflected boundaries Z and Z. Fig. 2 illustrates this variation of intensity qualitatively by the 
relative crowding together of the dotted ver 
tical lines near the center of the directrix A, 
while the variation in intensity is illustrated 
quantitatively in Fig. 4 of the drawing. 

Just as a parallel beam may, in the imagi 
nation, be reproduced without the interven 
tion of the primary source at the focus by 
making the reflector, itself, independently 
luminous at every point in the degree and 
phase to which it would be illuminated at 
that point by the primary source at the focus, 
So this parallel reflected beam may also be 
reproduced without the intervention of 
either the source at the focus or the inde 
pendently luminous sources upon the surface 
of the parabolic reflector, provided the plane 
of the image in the directrix is made inde 
pendently luminous at every point to the de 
gree illustrated by the curve of Fig. 4, and 
provided also the phase of the illumination at 
all points of the plane is the same. Equality 
of phase is essential because all points on the 
directrix are as distant from corresponding 
points on the parabolic surface as the focus is 
from those points. - 

in understanding the reflection of mono 
chromatic light and of high frequency or 
short electromagnetic waves, the matter of 
the phase of the waves becomes very signifi 
cant, but the determination of the phase in 
the case of the image of a source in an ideally 
perfect reflector is rather simple. In such 
a case, since a source and its image are at all 
times at equal distances from the reflecting 
Surface, the phase of the image lags by the 
angle en behind that of the source, in which 
A is an odd integer. It is a fact that at any 
point on the perfectly reflecting surface, the 
motion of the resulting magnetic force due 
to the primary source and its image must be 
either zero or parallel to the surface. 

Fig. 5 illustrates the operation of a para 
bolic reflector with a source of monochro 
matic light, or with an oscillator, preferably 
of constant frequency, at its focus. It is to 
be specially noted that the phase of the ra 
diation from the image is constant through 
out, its length being it behind that of the 
primary source at the focus of the reflector, 
k having the integral value of 3 in the case 
assumed for illustration. 

Clearly, when the primary source is a 
linear oscillator concentric with the focal 
line of the reflector, there is no need of trans 
verse conductivity in the mirror, so that the 
metallic sheet of the continuous parabolic re 
flector of the well-known type may be re placed by the parabolic grid arrangements of 
wires or conductors parallel to the focal line 
of the reflector, as illustrated in Figs. 6 and 
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or conductors are uniformly spaced, while in 
the parabolic grid of Fig. 6 they are so 
spaced that the density of their distribution 
in any area is proportional to the illumina 
tion which that area would receive from a 
source of light at the focus, or 

de, 
ds 

given mathematically, as determined by Equa 
tion (3), given hereinabove. In passing from 
a continuous reflecting surface to one formed 
of a grid or array of parallel wires or con 
ductors, caution must be exercised lest the 
distance between the sending wires of the 
grid or array be insufficiently small relative to 
the wave length. The requisite distance be 
tween the grid or array will be considered 
in detail hereinafter. It must be borne in 
mind that the classical laws of reflection of 
ight from a mirror surface, upon which is 
based the ordinary theory of a parabolic mir 
l'or, depend upon the continuity of the Sur 
face of the mirror. This is so because thein 
cident light falling on a given point of the 
ordinary airror surface is in fact reflected 
in all possible directions, but all of the light 
reflected from this point, except that having 
an angle of reflection equal to the angle of 
incidence of the primary light, is substan 
tially neutralized and rendered substantially 
ineffective by interference with light waves 
reflected from neighboring points on the Sur 
face of the mirror. 

However, in the case of a surface formed of 
parallel wires or conductors, this interfer 
ence can never be quite complete. Instead of complete neutralization, diffractive fringes 
are formed in addition to the main reflected 
beam, which, except for diffraction, follows 
the classical laws of reflection. As the wires 
or conductors are brought closer and closer, 
these diffraction friages become less impor 
iant, until there reinails sensibiy but a uni 
form reflected beam, as in the case of light re 
flected from a continuous reflecting surface. 
It should be remembered that the natter of 
radio difiers widely froin the matter of light 
in that the dimensions of the radio reflector 
correspond to those of a microscopically 
small light inirror in which the phenomena 
of diffraction are of the utmost importance. 
For this reason, the light analogue, in spite 
of its great simplicity and familiarity, will 
be used with utmost caution hereinafter as 
it is employed to aid in a better understand 
ing of this invention. 

In this invention, it is proposed to emplo 
the parabolic grids or arrays of Figs. 6 and 7 
without any source of radiation at the focus. 
In the organization of Fig. 6, each wire or 
conductor is made the seat of an alternating 
current of the same frequency and amplitude 
as any other wire or conductor, but the phase 
of the current in each wire or conductor is 

a. 

determined from equation (2), given herein 
above. In the organization of Fig. 7, the 
wires or conductors are made the seats of 
alternating currents of the very same fre 
quency, but both the amplitudes and the 
phases of these currents vary from wire to 
wire. The phase of the current is determined 
from Equation (2), given herein above, and the amplitude 

d6 
ds 

is determined from Equation (3), also given 
hereinabove. 

in any parabolic array, it is of the utmost 
importance to remember that the currents do 
not have the same initial phase, and, more 
over, that the currents do not have different frequencies. When an improper relationship 
is maintained between the various wires or 
conductors, it is fatal to the production of a 
directive system, especially one of the highly 
efficient directive systems contemplated in 
this invention. . . . 

In the ordinary parabolic mirror, which 
is employed in a well-known manner to secure 
a parallel beam of light, none of the light 

70 

75 

80 

from the primary source at the focus passes 
through the reflector to produce an illumi 
nation behind the reflector; yet, if the pri 
mary source of light at the focus be sup 
pressed and the parallel beam be secured by . 
making the mirror, itself, incandescent 
throughout its surface, a large portion of 
the total light developed is radiated back 
wardly through the convex surface of the 
mirror. Similarly, in radio, or rather in 
high frequency or short wave electromagnetic 
energy, a beam of radiation may be secured 
by setting up appropriate currents in the 
wires or conductors of the parabolic grid 
or array. However, half of the energy is 
radiated backwardly from the convex side 
of the array, as well as forwardly. The 
arrangement disclosed in Fig. 8 is intended 
to obviate this difficulty. in the organiza 
tion of this figure, a second and identical 
parabolic array is shown, for the purpose of 
illustration, situated at a predetermined dis 
tance behind the first parabolic array. The 
distance between these parabolic arrays is 
one-quarter of a wave length, - - 

N 
s 4. - 

Currents identical as to amplitude and fre 
quency with those in the first array are set 
up in the second array, but the phases of 

y the currents in the second array lead the 
corresponding currents in the first array by 
a predetermined phase angle, one-quarter of 
a cycle in the case illustrated, 

2 
In this arrangement, any pair of correspond 

100 

5 
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ing conductors in the two arrays constitutes 
a lini-directional couplet of the type having 
a directional characteristic which is a cardi 
oid, shown in Fig. 9 of the drawings. in this 
designate a corresponding pair of conduc 
tors in the first and second parabolic arrays, 
respectively, and the cardioid is the polar 
curve representing its directional transmit 
ting and receiving properties. 
in the production of a parallel beam of 

light by means of a cylindrical parabolic 
mirror, it has been pointed out in connection 
with Fig. 2, which has an incandescent fila 
ment coaxial with the line of the focus, that 
the image of the luminous source appears 
to be a continuously illuminated plane which 
is coincident with the plane of the directrix 
of the cylindrical parabola. It has also been 
shown that in the absence of the incandescent 
filament and of the parabolic mirror, it is 
possible to develop the same parallel beam of 
light by making the plane of the image 
in the directrix independently luminous 
throughout, provided the real or actual 
luminosity is at every point equal to the 

I apparent luminosity as an image of the in 
can descent filament at the focus. 

It is similarly possible to secure the same 
approximately parallel electromagnetic 
beam of radiation from a linear array of 
sources, such as is shown at the lower part 
of Fig. 6, as from the parabolic array of the 
figure, provided the currents throughout the 
linear array are all of equal magnitude and 
of the same phase. The magnitude of the 
current common to all of these conductors is 
the same as the amplitude of the currents 
common to the conductors of the parabolic 
array, in order that the two beams may have 
the same, or substantially the same, absolute 
intensities at all points. Moreover, the same 
approximately parallel beam of radiation as 
that just considered may be secured by the 
employment of a horizontal array of oscilla 
tors or other sources shown at the lower part 
of Fig. 10, provided the currents in these os 
cillators are all of the same phase, and pro 
vided the amplitudes of these currents are 
proportional to the ordinates of the curve 
of Fig. 4. In general, whatever may be the 
linear array, or in any parabolic array, the dis 
tribution of the current amplitudes inust be 
such as to provide a distribution of intensity 
in the beam, such as is shown in Fig. 2 of the 
drawings, and more explicitly given in Fig. 4. 
In other words, the amplitude of a current in 
any wire of a parabolic array must be propor 
tional to 

r 

. 

if the wires are located at equal inter 
vals on the arc, but the amplitudes are all 

latter figure, the reference characters 1 and 2. 

distribution of the wires or conductors in any 
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equal if the angular spacing is uniform. 
The amplitude of the current in any wire of a 
parabolic image array is determined from the 
fact that it is the same as the amplitude of 
the current in the wire of the parabolic ar 
ray of which it is a projection on the direc 
trix. 

Radiation will take place backwardly as 
well as forwardly in the case of the image or 
linear arrays of a single layer just as in the 
case of the parabolic arrays of a single layer, 
with the result that there will be a loss of 
some of the advantages to begained by mak 
ing the system directive. However, this may 
be overcome by employing the arrangements 
illustrated in Figs. 11 and 12 of the drawings. 
The direction of the radiated beam in each 
of these cases is indicated by the arrow. A 
Separation between the pairs of arrays is 
predetermined and taken each of one-quar 
ter of a wave length, and consequently the 
applied currents in the front layer lag, by a 
quarter of a cycle behind those in the rear 
layer, in order that these currents may be in 
phase and their effects cumulative in the de 
sired direction. 
Although the cardioid directive character 

istic of the couplet shown in Fig. 9 permits no 
radiation, or substantially negligible radia 
tion, backwardly, i.e., in the direction 0 = 0, it 
nevertheless permits very considerable radia 
tion in almost every other direction, particu 
larly forwardly, i.e., in the direction 6=180°. 
Yet, when greater efficiency of transmission 
and reception and greater directive ex 
clusiveness are desired than are provided by 
the arrangements shown in Figs. 8, 11 and 12, 
in each of which a couplet of the type shown 
in Fig. 9 is employed, it is desirable to use 
two couplets which are so relatively spaced 
and phased as to restrict the radiation to an 
even narrower range in the general direction 
of the parallel beam which is intended to be 
transmitted or received. 
A preferred form of the array produced by 

the combination of two couplets of the type 
shown in Fig. 9 is illustrated in Fig. 13. The 
reference characters A and A and A' and 
A' designate two pairs of conductors, the 
conductors of each pair being separated by a 
predetermined distance, such as one-quarter 
of a wave length 

A 
4. 

In this arrangement, the transmission takes 
place in the direction from A' and A' to A 
and A', and the phase of the currents im 
pressed on the conductors A and A’ lags by 
the angle 

t 

2 

behind the phase of the currents im 
pressed on the conductors A' and A'. 
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The polar curve (a) 
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the directive characteristics of one of these 
couplets, such as A and A. However, A and 
A' and A' and A’ represent two pairs of 
conductors separated by a distance of, for 
examle, one half Wave length 

A. 
--9 . . 

2 
and the currents in each pair of colduc 
tors are of the same phase. The polar curve 
(b) of Fig. 14 exhibits the directive charac 
teristics of the couplet such as A and A'. 
A couplet comprising two conductors, such 

as A and A, may be regarded as a single 
conductor situated midway between A and 
A having a mean phase of, for example 

- - 
4 

and having the directive characteristic (a) 
of Fig. 14. Yet, Fig. 13 comprises an array 
which may be regarded as a pair of such 
equivalent conductors. The directive char 
acteristics of such a pair of equivalent con 
ductors may be obtained from the product 
of the characteristics of the two types of 
couplets of which it is composed, and these 
directive characteristics are shown graphical 
ly by curve (c) of Fig. 14. It will be under 
stood that when a parabolic array or a para 
bolic image array is composed of directive 
couplets instead of simple radiating con 
ductors, it becomes possible to use arrays hav 
ing lateral widths less than those which would 
otherwise be possible, without at the same 
time suffering too great a diffractive spread 
ing of the beam. 

Fig. 15 illustrates s a parabolic array based 
on the type shown in Fi Fig. 13. Such an array 

produce a narrow beam 
in which there will be no radiation, or sub 
stantially no radiation, from the convex side 
of the array. Fig. 16 illustrates a parabolic 
inhage array based on the type shown in Fig. 
13 for the production of a narrow beam in 
one direction only. This arrangeilent is a 

5 

C) 

modification of the linear or image arrays of 
Figs. 6 and 11. Fig. 17 illustrates another parabolic image array based on the type 
shown in Fig. 13, for the production of a 
parallel beam in a single direction. This 
arrangement is a modification of the linear 
arrays of Figs. 11 and 12. Froin the fore 
going disclosure, it will become apparent that 
one skilled in the art may properly construct 
a parabolic array of a parabolic image array 
that will produce an approximately parallel 
beam of radiation. The number of conduc 
tors or wires and their relative proximity will 
be considered in some detail hereinafter. 
The specific means by which currents in the 

radiated conductors are given their essential 

of Fig. 14 exhibits 

5 
relative amplitudes and phases is in each 
case determined by different conditions. 
Figs. 18 and 19 illustrate how the length of 
the supply mains may be employed to secure 
the requisite relative phase variation between the currents in the radiating conductors of a " 
parabolic array and a parabolic image ar 
ray, respectively, the phases of the currents 
in Fig. 18 being different from one another, 
and the phases of the currentsin Fig. 19 being 
all aiike. Figs. 20 and 21 of the drawing 
illustrate the use of, for example, what may 
be called lumped phase shifters in the sup 
ply imains to bring about the requisite phase. 
variation. Throughout Figs. 18 to 21, in-so 
clusive, the reference character G designates 
a common energizing source, and the equal 
radiating conductors are made to symbolize 
the equality of current amplitudes in these 
conductors. In Figs. 20 and 21, a number's 
of boxes are shown to which the reference 
characters b1, d2, $3, etc. are attached, these boxes enclosing the lumped phase shifters 
mentioned herein above. Yet it will be un 
derstood that it is within the scope of this 
shifting means instead thereof. 
In Figs. 18 to 21, inclusive, the supply sys 

tems are shown to consist of a number of ground return circuits. In practice, these 
ground return circuits may preferably be 
replaced by metallic circuits to eliminate the 
large end effects due to grounding. Other 
wise the Velocity of phase propagation in the 
various conductors will not be the same throughout their lengths from source to sink: 

inyention to employ any well-known phase 

nor will the phase be the same at correspond 
ing points of the various conductors. 
The parabolic and linear or image arrays 

developed herein have in each instance been 195 
described in connection with the development 
of a beam of radiation, but it is clear that 
since the problems of directive transmission 
and of directive reception are conjugate 
problems, these arrays developed explicitly: 0 
for transmission are implicitly also directive 
receivers. The common sorce G of alternat 
ing current in the radiating conductors of 
the transmitting arrays is connected to each 
of these conductors through a suitable phase? 15 
shifter, as has been mentioned hereinabove. 
Be this phase shifter linear, as in Figs. 18 
and 19, or lumped, as in Figs. 20 and 21, the 
common receiving device of the receiving ar 
ray may nevertheless he connected iQ each 
receiving wire or conductor of this array 
through some equally suitable phase shifter. 
These phase shifters may preferably be iden 
tical, wire for wire, with those of the corres 
ponding transmitter. In other words, it is 1: 
sufficient to replace the generajor G by a suit 
able receiver or demodulator to convert the arrangement from the directive radiating 
system to the corresponding directive re ceiving system. 120 

20 
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Precautions must be exercised in develop 
view of the effects of diffraction due to the 
relative smallness of the length of the arrays 
when measured in wave lengths, and, more 
over, due to the building up of arrays of dis 
crete oscillators separated by some distance 
comparable with the wave length. These 
matters will be considered hereinafter. 

Fig. 22 of the drawings shows a plurality 
of radiators or oscillators equi-distant from 
One another, through which flow currents of 
equal magnitude and of the same phase. Let 
A and A' be right sections through the equa 
torial plane of two equal oscillators separated 
by a distance d. Let these oscillators sup 
port equal oscillations, each of which may be 

0. 

5 

given by the following expression: 
(5) 

in which o is the periodicity. Consider lines 
drawn from a very distant point of observa 
tion in the equatorial plane making an angle 
l, with the line joining A and A’; then the 
effect at the point of observation due to the 
current in oscillator A' will be proportional 
to the following expression: 

20 I cos of 

25 

30 cos (t+5 cost- .) (6) 
in which A is the wave length and b is the 
arbitrary angular retardation which a wave 
of periodicity to experiences in passing from 
the central point 0 of Fig. 22 to the very dis 
tant point of observation, or d=2tl/A, where 
l, is the distance from the 0 to the point of 
observation, while the effect due to the cur 

40 rent in the oscillator A will be corresponding ly proportional to the following expression: 

35 

COS (ot- cosy-) (7) 
It is clear that the joint effect at the point 
of observation will be proportional to the fol 
lowing expression: 

ard 50 cos cos !) COS (ot- (b) (8) 

Another pair of oscillators B and Bidenti 
cal with oscillators A and A’ and Supporting 
the same oscillations given by expression 
(5) are separated by the distance 3d. The 
effect of this pair of oscillators at the distant 
point of observation will be correspondingly 
proportional to the following expression: 

60 COS (; cos y) COS (ot-) (9) 
Another and third pair of oscillators C and 
C’ identical with the first and second pairs 

K5 and supporting identical oscillations are 
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separated by a distance 5d. The effect of this 
ing and constructing the various arrays in . pair of oscillators at the distant point of observation will be correspondingly propor 

tional to the following expression: 
70 

COS (it COS y) cos (at-gb) (10) . 
It will be obvious that if there be a linear 
array of n such equal pairs of equal oscillators 
supporting equal oscillations, and in which 
each oscillator is a distance d from its ad 
jacent oscillator, the amplitude of the effect 
at the point of observation will be propor 
tional to the following expression: 

(nd COS ) (11) X cos 
m = 1 

If the amplitude of the current in each oscil 
lator is made inversely proportional to the 
number of pairs of oscillators, this latter ex 
pression may be replaced by the following: 

- m = 2n -1 9) 

) i COS (g COS y) (12) 
n = 1 

in which m is odd; and the maximum ampli 
tude, i.e., the amplitude at 

T 

y = 
will be unity. Expression (12) is convenient 
for comparing the directive characteristics of 
arrays. It is to be noted, however, that the 
array of Fig. 22 is not a parabolic image 23 
array, but is an array which differs from 
the parabolic image array in that the in 
tensity or current amplitude is uniform 
throughout. Such an array will be referred 
to hereinafter as a uniform amplitude array. : :) 
A study of this array will clearly bring out 
that the diffractive effect is dependent upon 
and is due to the length of the array and to 
the relation of the interval d between oscil 
lators to the wave length A. 
If the number of equal oscillators in an 

array of finite length l be infinite and the 
amplitude of oscillations common thereto be 
infinitesimal, the array represented in Fig. 
23 becomes in effect a continuous conducting : 
sheet supporting a uniform oscillatory cur 
rent sheetin which the current per unit length 
of the sheet is given by the following equa 
tion: 

i=Acos of (13) 
If dh is the effect at the distant point of ob 
servation in the equatorial plane due to the 
element day of the current sheet, then the ..., 
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total effect at the point of observation will be given by the following expression: 
/ 2nd h = A cos (ot- COS y) da (14) V. A 

Equation (14), after integration, becomes 

h=Axi" N cos (15) 
it cost 

For the sake of simplicity, it may be as 
sumed that 

Thereupon, the field strength may be deter 
mined from the following expression: 

... / ill 
h = A sin (, cos ?) (16) 

cos 
But when 

= h = irl 
and therefore 

arl SI - COS y) M A-, (17) 
cos 

represents the directional characteristic. 
3 The array of Fig. 23 is in effect the limiting 

case of the array of Fig. 22 which is reached 
when d becomes infinitesimal and when in 
becomes infinite. Such an array will be re 
ferred to hereinafter as a continuous uniform 
amplitude array. 

Fig. 24 shows in contrast the cartesian di 
rective characteristics of continuous uniform 
amplitude arrays of different lengths, such, 
for example, as A to 4A, inclusive. This figure 
shows, among other things, that the beam is 
very much broadened by diffraction in the 
case of an array whose length is equal to the 
wave length. The beam becomes progres 
sively narrower as the length of the array is 
increased, but fringes appear and multiply, 
however, as the length of this array is in 
creased. - - - - 

Fig. 25 shows the cartesian characteristics 
of two uniform amplitude arrays as con 
trasted with a continuous uniform amplitude 
array. The length common to these arrays is 
one wave length. In this diagram, curve (1) 
corresponds to the continuous array, while 
curve (2) corresponds to an array of four 
oscillators, and curve (3) corresponds to an 
array of two oscillators. 
Added or greater diffraction in the cases 

of two and four oscillators is clearly shown, 
but the absolute magnitude of this added or 

à greater diffraction is still more clearly shown 

7 

in Fig. 26, in which the ordinates of the two 
curves are respectively the distances between 
the ordinates of curves (3) and (1) of Fig. 
25, and the distances between the ordinates 
of curves (2) and (1) of the same figure. It 
is to be specially noted that the effect of the 
separation between the oscillators of the ar 
ray is to enhance the diffraction which results 
in the case of the continuous array. The greater the separation, the greater the mag 
nification of the diffraction. 

Fig. 27 shows the cartesian characteris 
tics of two uniform amplitude arrays as con 
trasted with a continuous uniform amplitude 
array. 
rays has been chosen merely for the purpose 
of illustration, to be two wave lengths, 2X. 
In this figure, the continuous line curve cor 
responds to the continuous array, while the 
curves (not drawn) indicated respectively by 
the triangles and crosses correspond to ar 
rays of six and four oscillators, respectively. 
The added diffraction in the case of the air 
rays composed of discrete oscillators is again 
apparent, as is also its increase with the 
Separation between the oscillators. The ab 
Solute magnitude of this effect is made much 
clearer in Fig. 28 of the drawing. In this 
figure, curve (4)-(1) is the enhanced dif 
fraction in the case of four oscillators, 
Curve (3)-(1) is the enhanced diffraction 
in the case of an array of six oscillators, 
and (2)-(1) is the enhanced diffraction in 
the case of an array of eight oscillators. 
Curves (4)-(1) and (2)-(1) of Fig. 28 
should be compared with curves (3)-(1) 

A length common to the three ar 

5 
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90 

95 

and (2)-(1) of Fig. 26, respectively. Since 
in these corresponding curves the separation 
between the oscillators, expressed in wave 
lengths, is the same, it appears that the longer 
the array, expressed in wave lengths, the 
larger the separation between the osciilators, 
expressed in wave lengths, may be, though 
this permissible increase is not directly pro 
portional to the increase in the length of the 
array. It is clear that the enhancement of 
the diffractioni is already practically negligi 
ble, when the separation between the oscil 
lators is as small as a quarter of the wave 
length, and that a greater separation may 
often be tolerated. However, the degree of 
diffraction may readily be determined from 
the information given herein, though the 
computation be somewhat tedious. 
The directive characteristics of the continu ous parabolic array and the continuous para 

bolic image array do not lend themselves as 
easily to direct analytical solutions as does 
the continuous constant amplitude array. 
By approximation, the characteristics of 

the continuous parabolic array and the con 
tinuous parabolic image array are given here 
in in Figs. 29 and 30. . 

in Fig. 31, an approximately continuous 
parabolic image array of continuously uni 
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form amplitude arrays is built up. In this 
figure, the continuous curve represents the 
amplitude variation in a continuous para 
bolic image array having a predetermined 
length of, for example, 4A. The approxi 
mate parabolic image array a be film, no 
p klo h c d consists of the sum of the con 

O 
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tinuous uniform amplitude arrays abcd, 
efgh, ill, and minop, which have, for ex 
ample, the relative amplitudes of 0.3, 1.7, 1.9 
and 1.1, respectively, and which have lengths 
4A to A, respectively. 
The fringes exhibited by the curve of Fig. 

29 are due to the echelon character of the 
array of Fig. 31. The directional character 
istic of the corresponding uniform parabolic 
image array is given by the curve ABC hav 
ing a discontinuity at B. It is this discon 
tinuity which prevents a simple analytical 
Solution for the continuous parabolic image 
array. 

Fig. 30 contrasts the polar directional 
characteristics of a continuous uniform am 
plitude array of for example, three wave 
lengths, 3X with that of the continuous para 
bolic image array of, for example, four wave 
lengths, 4A. Though the principal beam of 
the shorter uniform amplitude array is a 
somewhat more nearly parallel beam than . 
the beam of the parabolic image array, never 
theless the secondary beams or fringes of the 
uniform amplitude array militate somewhat 
against its usefulness. The parabolic image 
array and a corresponding parabolic array 
have the extraordinary property of radiat 
ing no energy, or negligible energy, beyond a 
certain critical angle, which in the array 
whose length is, for example, four wave 
lengths, is approximately 68°. In other 
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computations of these effects in the case of . 

50 

55 

60 

65 

words, the broading of the beam by diffrac 
tion is, in this case, limited to 22° on either 
side of the normal. It is due to the absence 
of diffraction fringes that parabolic arrays 
and parabolic image arrays become of consid 
erable importance. - 
Though the method adopted of exhibiting 

the effects of diffraction, which is based upon 
uniform amplitude arrays, is undoubtedly 
the one best adapted to the purpose, never 
theless, in determining the characteristic of 
a given parabolic array, or its corresponding 
parabolic image array, when these are of the 
type illustrated in Fig. 10, it is best to use the 
specific series for these arrays, which is as 
follows: . 

m = 2n - 

\fray 2 a +('') COS (nd COS y) (18) 
| 4a 
m = 1 

If, on the other hand, the array be of the parabolic or image type, illustrated in Fig. 6, 

ators, the radiators of each array being sep 
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it is best to use the specific series for this type, 
which is as follows: 

These last two series are easily deduced by 
the same principles and in the same manner 
as Equation (12). When some other law of 
spacing the oscillators in a parabolic or image 
array is used, the corresponding series can be 
easily determined by the principles and meth 
ods already disclosed, if the equation of the 
parabola is borne in mind and the steps given 
in connection with Equations (5)-(12) be 
followed. 
This invention has been described in some 

detailso as to aid in better understanding the 
complex phenomena of this invention. It 
will be understood, however, that while this 
invention has been described in certain par 
ticular embodiments, merely for the purpose 
of illustration, the general principles of this 
invention may be applied to other and widely 
varied organizations without departing from 
the spirit of the invention and the scope of the 
appended claims. 
What is claimed is: 
1. A directive antenna system comprising 

a plurality of pairs of parabolic image arrays, 
the arrays of each pair being separated from 
each other by a definite distance, said pairs 
of arrays being placed side by side and at a 
predetermined distance from each other. 

2. A directive antenna system comprising 
a plurality of pairs of linear arrays, each 
linear array consisting of a plurality of radi 
rated by unequal and predetermined dis 
tances, the linear arrays of each pair being a 
definite distance from each other, said pairs 
of arrays being situated side by side and at 
a predetermined distance apart. 

3. A directive antenna array for beam 
transmission and reception, comprising a 
linear array of parallel conductors which are 
unequally spaced, all of which are energized 
with currents of equal frequencies, of equal 
amplitudes and of the same phase relation 
ship. . 

4. A directive antenna system comprising 
a linear array of conductors which are placed 
side by side at unequal and predetermined dis 
tances from one another, and means for en 
ergizing said conductors with currents of the 
same frequencies, of the same amplitudes and 
of the same phase relationship. 

5. A directive antenna system comprising 
a linear array of conductors which are placed 
side by side unequally spaced though at pre 
determined distances from each other, and 
means for energizing said conductors with 
currents of equal amplitudes, of the same fre 
quencies and in a definite phase relationship, 
said array effecting a beam of energy equiv 
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alent to the beam of a cylindrical parabolic 
surface having a conductor coincident with 
its focal line receiving current of a definite amplitude. 

6. A directive antenna system comprising 
a pair of linear arrays, each linear array con 
sisting of a plurality of conductors which are 
separated by unequal and predetermined dis 
tances, said linear arrays being similar and 
being separated by a definite distance, and 
means for energizing the conductors of each 
linear array with currents of equal ampli 
tudes, of the same frequency and of the same 
phase, the currents impressed upon the con 
ductors of one of the linear arrays differing 
in phase from the currents impressed upon the 
other linear arrays by a definite angle. 

7. A directive antenna system comprising 
a pair of linear arrays, the conductors of each array being unequally spaced though 
separated by predetermined distances, and 
means for impressing currents upon both of 
said linear arrays so that the phase of the 
currents impressed upon one of these arrays 
lags behind the phase of the current im 
pressed upon the other of these arrays by an 
angle dependent upon the distance between 
these arrays. 

8. A directive antenna system comprising 
a pair of identical linear arrays, the conduc 
tors of each linear array being unequally 
spaced and at predetermined distances from 
each other, one linear array being positioned 
directly behind the other. 

9. The method of securing uni-directional 
transmission with a pair of linear antenna, 
arrays each composed of a plurality of con 
ductors unequally spaced and at predeter 
mined distances from each other, which con 
sists in exciting the conductors in both of the 
arrays with currents of the same frequency 
and of equal amplitudes, so that their cumu 
lative directive effect shall approximate the 
directive effect of equivalent parabolic ar 
rays. 

10. The method of securing uni-direc 
tional transmission or reception with a pair 
of linear antenna arrays, which consists in 
exciting the conductors in both of the linear 
antenna arrays with currents of equal ampli 
tude and of the same frequency, and adjust 
ing the phases of the currents in the conduc 
tors in one of the linear antenna, arrays to lag 
behind the phases of the currents in the con 
ductors in the other of the linear antenna ar 
rays by an angle dependent upon the dis 
tance between said linear antenna arrays. 

11. A directive antenna array comprising 
a plurality of radiators in parallel relation 
ship, which are spaced from each other in ac 
cordance with the projections upon the di 
rectrix of a cylindrical parabola of a corre 
sponding plurality of parallel lines located 
on its surface equi-angularly displaced with 
respect to each other about the focal line. 

9 s 

12. A directive antenna, array comprising 
a plurality of radiators placed side by side 
unequally spaced symmetrically about the 
center line, and means for energizing said 
radiators with equal currents which are in synchronism. 
In testimony whereof, I have signed my 

name to this specification this 19th day of January 1927. 
JOHN STONE STONE. 
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