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This invention relates to a directional antenna appara~ 
tus for transmission and/ or reception of electromagnetic 
waves of very-high and ultra-high frequencies, and more 
particularly to such antenna apparatus the directionality 
of which can be controlled electronically. 

It is well known that, aside from mechanical actuation 
of an antenna, the directionality of an antenna array can 
be varied by controlling the phasing of the signal waves 
respective to the individual elements of such ‘array. 
However, the practical dif?culties of obtaining the de 
sired phase shifting have severely limited the application 
of this principle. For example, several types of an 
tenna have been proposed which employ mechanical 
arrangements for phase shifting, but such mechanical ar 
rangements impose practical limitations with respect to 
provision and employment of the necessary mechanism 
and therefore the uses for which such antennae may ‘be 
employed is somewhat limited. 

In view of the. foregoing remarks, it becomes an ob 
ject of the present invention to provide an improved 
‘antenna array of the above general type, the direction 
controlling phase-shifting of which is effected simply and 
more rapidly than has ‘been possible heretofore. 

Another object of the present invention resides in the 
provision of an antenna apparatus for use with high 
frequency waves, the directionality of which is controlled 
electronically. 
iAnother object of the present invent-ion resides in the 

provision of antenna apparatus comprising electronic 
means for controlling directionality and for amplifying 
radio-frequency signals. 

Another object of the present invention resides in the 
provision of electronic means in the form of an electron 
vdischarge device of the velocity modulated type which 
is particularly adapted to control the directionality ‘of 
an antenna array and amplify the radio-frequency sig 

’ nals handled by such array. 
A further object of the present invention resides in the 

‘provision of antenna apparatus according to any of the 
preceding objects, which is adapted for both transmis 
sion and reception of radio~frequency signals. 
A still further object of the present invention resides 

in the provision of ‘antenna apparatus according to any 
of the foregoing objects, the directionality of which 
antenna apparatus may be controlled horizontally and/ or 
vertically. _ 

Other objects and advantages of the present invention 
will become apparent from the following description when 
taken in connection with the accompanying drawings, in 
which: 
FIGURE 1 is a schematic showing of ‘antenna ap 

paratus constructed according to the present invention 
and employing a novel traveling wave tube as adapted 
exclusively for transmission of radio-frequency signals; 
FIG. 2 is a schematic showing of similar antenna ap 

paratus as adapted exclusively for receiving radio-fre 
quency signals; 
FIG. 3 is a schematic showing of similar antenna ap 

‘ paratus as adapted both for transmission and reception 
ofradio-frequency signals; 
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l ‘ FIG. ,4, is a perspective view of the novel electronically- v 

2 
directed antenna apparatus as adapted for scanning either 
horizontally or vertically, according to its orientation; 

FIG. 5 is a schematic showing of a novel electronically 
directed broadside antenna array constructed according 
to the present invention for scanning horizontally and/ or 
vertically; and 
FIG. 6 is a schematic showing of an antenna apparatus 

embodying the invention as employing an electron dis 
charge device of the klystron tube type. 

Referring to the drawings, in which the same reference 
numerals indicate identical parts in the various showings, 
the embodiment of the invention shown in FIG. 1 cm 
ploys a traveling wave tube 1 comprising an evacuated 
cylindrical tube 2 of glass or other dielectric material, an 
electron gun section 3 which includes indirectly heated 
cathode 4- and accelerating ‘beam forming anode '5, ar 
ranged to project an electron beam axially through the 
main portion of the tube 2 in which is disposed trans 
ducer or slow wave circuit means, which may be in the 
form of a helical conductor 6 as shown, for energy ex 
changes between the electron beam and waves traveling 
in the transducer. A collector electrode 8 at the remote 
end of the tube 2 collects the stream of electrons in the 
beam passed through the interior of the helical con 
ductor 6. A lead 9 from the cathode 14 of the electron 
gun section 3 is connected to the negative side of a high 
tension source 10. A lead 11 connects the beam form 
ing anode 5 to a low voltage point of the source it), and, 
according to a structural feature of the invention, the 
collector electrodes is connected to the positive side of 
the high tension source 10 by way of suitableconductor 
means, such as a common ground as ‘shown, and Scan 

_ Control Means 12. such as shown as a variable resistance 
means, for example, suitably associated with such source 
10 to vary the electrical potential between cathode 4 and 
said collector electrode 8 within a certain range to thereby 
vary the electron beam velocity within prescribed limits 
for reasons which hereinafter will be made apparent. 

In accord with the invention, as adapted for transmis 
sion of radio-frequency energy, the slow wave circuit 
means in the form of a helical conductor 6 is electrically 
divided into a plurality of successive units 13 each of 
'which has an output circuit 14 connected to a respective 
antenna radiating element 15, or such output circuit 14 
may be designed to radiate directly, if preferred. The 
?rst unit adjacent to the gun section 3, in transmission 
operation for which the showing in FIG. 1 is intended, 
operates in the same manner as a conventional traveling 
wave tube; for modulation, a radio-frequency signal is 
fed into an RF signal input circuit 16 at the end of such 
unit nearest said gun section, and the RF energy thus 
fed to the ?rst of units 13 of helical conductor 6 is ?rst 
attenuated as it travels therealong, due to a transfer of 
energy to the electron beam, and then, as the proper re 
lationship is obtained, both the RF energy in the helix 
and the RF energy in the beam increase exponentially at 
the expense of direct current beam energy. The ampli 
?ed RF energy is extracted from the ?rst unit 13 at its 
output circuit it, While the RF energy in the electron 
beam passes through the following unit 13 and acts as 
its excitation. Operation of this and succeeding units 13 
is similar to the ?rst except that the initial transfer of 
energy to each unit occurs from the electron beam, and 
the ampli?ed RF energy is extracted from the output 
circuits 14 respective to such units. 

If equal excitation of all antenna radiating elements 15 
is desired, the gain of each unit may be controlled by mak 
ing all units identical and choosing such parameters as 
helix length and beam coupling factor so that the energy 
in the electron beam at the output circuit 14 of each unit 
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is equal to that at the input to each unit. Equal electron 
beam energy thus will be employed for excitation of each 
unit 13, which will result in equal RF energy output from 
each. ‘ 

For other illuminations, the gain can be varied, accord 
ingly by varying the parameters of each‘ unit so that its 
output is greater or less than the output ‘of the preceding 
unit, as desired. 

As illustrated in FIG. 1, for transmission, the input ends 
of each unit following the ?rst may be connected to ab 
sorbing ‘loads 20, preferably disposed within the tube 2, 
to provide stability, where necessary, under conditions 
vof imperfectly matched input circuits. 

In addition to ampli?cation of RF energy in supply to a 
plurality of antenna radiating elements during transmis 
sion, in accord with a prime featureyof this invention, the 
direction of the RF energy beam emanating from a series 
of aligned antenna radiating elements 15 driven by the 
tube 1 is controlled by varying the velocity of the electron 
beam within such tube to change the phasing between 
RF signals emanating from adjacent units 13 of the 
helical conductor 6. This is accomplished as exempli?ed 
by varying the direct current voltage between the cathode 
4 of electron gun portion 3 and the collector electrode 
8 by operation of such as the Scan Control Means 12 in 
form of the variable resistance means exempli?ed, which 
varies the electron beam velocity according to adjustment 
of such means. A phase shift of the RF signal, the degree 
of which phase shift is dependent upon electron beam 
velocity, through each of the units 13 of the helical con~ 
ductor 6 results, and this phase shift between adjacent 
waves emanating from the respective antenna, radiating 
elements 15, affects the direction of the composite RF 
energy beam formed by the combination of such waves in 
accord with well known principles. By proper control of 
the electron beam voltage, the phase shift between RF 
signals emanating from antenna elements 15 may be varied 
between 1680 degrees and 1920 degrees, for example, to 
cause the RF beam to scan an angular traverse of 90 
degrees for example. 

It is preferred that the electron beam voltage be varied 
within a region in which the resultant change in electron 
beam velocity does not materially affect the overall effi 
ciency of the traveling wave tube ,1. i 

It will be understood from the foregoing description 
that by varying the direct current potential across the 
electron beam of the tube 1 periodically, for example, the 
RF beam from the antenna may be made to scan auto~ 
matically through a prescribed arcuate path. 

FIG. 4 illustrates a physical arrangement of an antenna 
apparatus employing the novel traveling wave tube of FIG. 
1 as suitably supported in front of a parabolic cylinder 
re?ector 21 and adapted for direct radiation of RF energy 
from the successive units 13 of the helical conductor 6 by 
provision of such as respective horns 22 coupled to the 
respective output circuits 14 and directed towards such 
re?ector. In this instance, the re?ector 21 de?nes one 
dimension of the RF beam according to its orientation, 
while the novel traveling wave tube 1 ampli?es the RF 
signal fed it and controls the directionality of the RF ‘beam 
in the other dimension. 
As adapted exclusively for receiving RF signals direc 

tively at diiferent angles, and pre-ampli?cation of such 
signals ahead of a receiver (not shown), the antenna ap 
paratus embodying the traveling wave tube of FIG’. 1 may 
be modi?ed essentially by connecting antenna receiving 
elements 23 to respective input circuits 16 of the units 13 
and connecting the output circuit 14 of the last succeeding 
unit 13 to the receiver (not shown); absorbing loads 24, 
Where necessary, may be connected to the output circuits 
14 of the other of the units 13’to provide stability under 
conditions of imperfectly matched output circuits. 

In operation of the novel antenna apparatus as adapted 
exclusively for reception of RF signals, each of the units 
13 of the helical conductor 6 is excited by the RF signal 
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input from the respective antenna receiving elements 23, 
this RF energy from elements 23 is mixed and added 
successively in the helical conductor 6, and is ampli?ed 
‘by energy exchange with the electron beam While en route 
to the output circuit of the last one of such units 13. 

The sensitivity of the array of aligned antenna elements 
23 with respect to direction in a particular dimension will 
depend upon the phasing between RF signals respective to 
adjacent units 13, and such antenna apparatus may be 
madeto scan a desired arcuate path electronically by 
varying the velocity of the electron beam in the tube 
1 by suitable variation in drive potential between the 
electron gun portion 3 and collector electrode 8, in man— 
her as set forth in detail in the preceding description rela 
'tive to the showing in FIG. 1. 

As adapted for both transmission and reception of RF 
signals, under ampli?cation and electronic directional 
control, junctions of the units 13, as shown in FIG. 3, of 
the helical conductor 6 are connected to respective radiat 
ing-receiving antenna elements 15, 23, via respective out 
put-input circuits 14, 16, the input circuit 16 of the ?rst 
.unit 13fis connected to a transmitter 25 and the output 
circuit 14 of the last unit 13 is connected to a receiver 26. 
It will be apparent from the foregoing description that 
RF energy from the transmitter 25 will be ampli?ed and 
‘radiated from the array of antenna elements 15, 23 in 
the form of a beam of RFv energy directed according to 
velocity of the electron beam passing through the tube 
1, and alternately, during reception, RF energy will be 
received by the antenna elements 15, 23 directionally 
according to such electron beam velocity and will be am 
pli?ed en route to the receiver 26. ' 
According to ‘other features of the invention, antenna 

apparatus embodying the invention can be made to scan 
in two directions separately or in unison by a suitable 
arrangement of a plurality of traveling wave tubes 1 to 
form or control a broadside array as illustrated in FIG. 
5. According to this concept, one traveling wave tube 1, 
extending crosswise of a plurality of parallel spaced 
apart similar traveling wave tubes, is adapted for RF 
signal input to its ?rst unit 13 in the mannerv of FIG; 1 
or 3 and is coupled at the outputs of its successive unit 13 
to the inputs of respective ?rst units 13 of the traveling 
wave tubes which it crosses. ‘ 

While transmitting, RF energy from a transmitter (not 
shown) fed to the input tube 1 extending transversely of 
the plurality of tubes (at the bottom as shown in FIG. 
5) will be propagated and ampli?ed through each of its 

. successive units 13 by energy exchange with its electron 
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beam in 'manner as aforedescribed, while each of such 
units 13 serves as the respective RF input source in sup 
ply to the several traveling wave tubes which it spans. 
‘In each of the parallel-arranged traveling wave tubes 1, 
the RF energy ‘fed to its ?rst unit 13 is propagated and 
ampli?ed through its successive units 13 while supply 
ing RF energy to RF output circuits 14 at the junctions 
of such units, such output circuits being coupled to an 
,tenna radiating elements, (not shown) or being designed 
to radiate directly into space. It will be seen that by 
varying the voltage applied across the electron beam of 
the traveling wave tube 1 driving the parallel-arranged 
traveling Wave tubes 1, the resultant variations in its 
electron beam velocity will effect corresponding equal 

> phase shifts between adjacent ones of the 'RF signal out 
put waves emanating from the parallel-arranged tubes to 
thereby control the direction of the RF energy beam from 
such array along one dimension. This variation in elec 
tron beam voltage may be elfected through employment 
of Horizontal Scan Control Means 12in form of such 
as variable resistance means in cooperation with the high 
tension source 10 connected to the respective traveling 
wave tube 1 as described in connection with the FIG. 1 
showing. . , 2 ' ‘ 

To provide for scanning of the RF energy beam along 
75 the opposite dimension, the electron beam voltage of 
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each of the parallel-arranged traveling wave tubes 1 may 
be varied simultaneously by adjustment of Vertical Scan 
Control Means 27 such, for example, as variable resistance 
means shown, arranged to control the voltage applied 
from a high tension source 28 between each cathode 4 
of such tubes and their respective collect-or electrodes 8. 
By provision of mechanical interconnection between the 
two Voltage varying means 12. and 2.7, for example, simul 
t-aneous scanning along both dimensions may be effected, 
and by provision of such voltage varying means in form 
suitable for production of periodic direct current voltage 
variations, scanning operation of the broadside antenna 
array may be made automatic with respect to either or 
both scan dimensions. 
To adapt the array of FIG. 5 for direction-controlled 

reception of RF signals, a second traveling wave tube 1, 
spanning the parallel-arranged tubes 1 (at the top as 
shown in FIG. 5), is provided. This second spanning 
tube is arranged such that input circuits to its respective 
units 13 are fed by the last unit 13 of the parallel 
arranged tubes from which the summarized and ampli?ed 
RF signals emerge during reception, and the output cir 
cuit 14 of the last unit of such section spanning tube is 
adapted for connection to an RF receiver (not shown). 
The electron beam voltage of this second spanning tube 
is arranged to be controlled in like fashion to that of the 
?rst scanning tube having the RF input and preferably, 
though not necessarily, by the same Scan Control Means 
12, as exempli?ed in the drawings. 
During receiving operation of the array of FIG. 5, it 

will be understood from previous description that the 
sensitivity of this array with respect to scanning one 
dimension will be varied according to variation in volt 
age applied to the electron beam of the second or out~ 
put scanning tube, While sensitivity with respect to scan~ 
ning the opposite dimension will be varied according to 
variation in voltage simultaneously applied to the elec 
tron beams of the several parallel-arranged tubes. As in 
the case of transmitting use, such scanning during recep 
tion may be made automatic by periodic variations in the 
electron beam voltages. 
While the invention has been described primarily by 

reference to employment of a traveling wave tube or 
tubes, it is to be understood that the invention may be 
applied in conjunction with other high frequency tubes 
employing current or velocity modulation, such as the 
klystron. Such tubes depend upon resonant cavities for 
coupling between the electron stream and the electro 
magnetic circuit and therefore lend themselves to phase 
shift control by variation in the velocity of the electron 
stream in accord with the teachings of the present 
invention. 

In FIG. 6, there is shown in schematic form a single 
line antenna array embodying the invention as adapted 
to employment of a klystron tube in manner equivalent 
to the PEG. 3 showing employing a traveling wave tube 
as adapted for both transmission and reception. In the 
present instance employing a klystron tube, the RF signal 
from a transmitter (not shown) will be fed to a ?rst 
cavity 3-9 immediately adjacent to the electron gun sec 
tion 3 of such tube to introduce modulation of the elec 
tron stream or beam transmitted axially through a plu 
rality of spaced-apart resonant cavities 31 coupled to re 
spective antenna radiating elements 15 each extracting 
ampli?ed RF energy from such cavities. In accord with 
the previous description of the antenna apparatus as em 
bodying a traveling wave tube, change in the velocity of 
the electron beam in the klystron tube 29 will effect a 
phase shift between adjacent RF waves emanating from 
the respective antenna radiating elements 15 to thereby 
control the direction of the RF beam formed by the 
composite of such waves. Such variation in beam volt 
age may be eifected in manner similar to that described 
and shown in connection with the apparatus of FIG. 1 as 
employing, for example, a Scan Control Means in form 
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.changes and modi?cations that 

6 
of a variable resistor associated with a high tension source 
19. During reception of RF signals, the RF signals will 
enter the cavities 31 of the tube 29‘ from receiving an 
tenna elements 23, which in practice may be the radiator 
antenna elements 15, and these signals as fed to cavities 
31 will be added in the electron beam and transmitted to 
an RF output cavity 3-2 adapted for coupling to a re 
ceiver (not shown). As will be appreciated from the 
previous description in connection with the apparatus as 
employing a traveling wave tube or tubes, scanning opera 
tion of the apparatus of FIG. 6 as employing a klystron 
tube during reception will be effected by changing the 
velocity across the electron beam passing through such 
tube to change the phase velocity between the signals 
entering the several cavities 31 in accord with principles 
of the invention set forth hereinbefore. 
While there has been described what is at present con 

sidered to be the preferred embodiment or embodiments 
of this invention, it will be obvious to those skilled in 
the art that various changes and modi?cations may be 
made without departing ‘from the invention, and it is there 
fore aimed in the appended claims to cover .all such 

fall within the true spirit 
and scope of the invention. 

I claim as my invention: 
1. Antenna apparatus comprising a plurality of par 

allel spaced-apart electronic tubular devices each having 
at a common end electron gun means for forming and 
projecting an electron beam to a corresponding opposite 
end, input means for modulating the respective electron 
beam, and a plurality of means located along said beam 
in energy-coupling relationship therewith, having respec~ 
tive outputs for electromagnetic wave signals derived by 
interaction between respective ones of said plurality of 
means and said electron beam; means for simultaneously 
varying the average velocity of said electron beam in each 
of said devices to change the phase relationship between 
the electromagnetic wave signals in ‘said outputs along 
such electron beams; a similar electronic tubular device 
extending transversely of said plurality of electronic tu 
bular devices, said similar electronic tubular device hav 
ing means for modulating the electron beam thereof and 
having the output from its plurality of means coupled to 
the input means of said parallel spaced-apart electronic 
tubular devices respectively for modulation of the elec 
tron beams therein; and means for varying the average 
velocity of the electron beam in such transverse electronic 
tubular device to vary the phase relationship of the output 
signal Waves between said plurality of electronic tubular 
device. 

2. Electronically-controlled-s'canning directional an» 
tenna apparatus comprising slow wave circuit means hav 
ing an input for introduction of an elemtromagnetic wave 
signal to initiate excitation of traveling waves therealong 
and having a plurality of longitudinally spaced-apart out 
puts for transmission of electromagnetic signal waves in 
out-of-phase relationship to be radiated into space com 
positely in the form of a directional beam of such Waves, 
means including a direct current source for projecting an 
electron beam along the path extending longitudinally of 
said slow wave circuit means for modulation by the sig 
nal introduced into said input and for energy-transfer ex 
citation of successive sections of said slow wave circuit 
means intermediate said outputs for duplication of such 

“ signal wave therein, and directionality control means co 
operable with the aforementioned means to vary the bias 
of said direct current source to control the average ve 
locity of said electron beam for varying the phase rela 
tionship between signal waves respective to said outputs 
while same remain stationary, whereby the direction of 
radiation of the composite beam of waves is controlled. 

3. Electronically-controlled-scanning directional an 
tenna apparatus comprising an elongated hollow Wave~ 
guiding means adapted to transmit electromagnetic waves‘ 
therealong at axial phase velocities less than the velocity 
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of light, said wave-guiding means having a plurality of 
Wave signal inputs feeding into said wave-guiding means 
at longitudinally spaced-apart sites therealong,~ and a 
wave signal output adapted for connection to receiver 
means, means including a direct current source‘for pro 
jecting an electron beam along a beam path extending 
‘longitudinally through said wave-guiding means in receipt 
of energy from each of said signal inputs and transmission 
of such energy to said signal output, and directionality 
‘control means cooperable with the aforementioned means 
to vary the bias of said direct current source to control 
7the average velocity of said electron beam for varying the 
phase relationship between signals respective to said in~ 
puts while, same remain stationary, whereby the sensi 
tivity of said apparatus is varied with respect to direc 
tion. 

4. An electronically-controlled-scanning directional an 
tenna device comprising means including a direct current 
source for forming and projecting an electron beam, 
means for modulating said beam in accordance with an 
electromagnetic wave signal, a plurality of means located 
along said beam in energy-coupling relationship there 
with and having respective out-of-phase outputs for elec 
tromagnetic wave signals derived by interaction between 
said means and said beam, and directionality control 
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means to vary the bias of said direct current source for 
varying the average velocity of said electron beam to 
change the phase relationship between the electromag 
neticwave signals in said outputs while same remain sta 
tionary, thereby controlling the directivity of the com 
posite beam formed by such signals. ' 

5. An electronic device comprising means including a 
direct current source for forming and projecting an elec 
tron beam; a plurality of means, located along said beam 
in energy-coupling relationship therewith, having respec~ 
tive inputs for admittance of electromagnetic wave signals 
and having a common output; and directionality control 
means to vary the bias of said direct current source for 
varying the average velocity of said electron beam to 
change the phase relationship between the electromagnetic 
Wave signals in said inputs while same remain stationary, 
2‘and ‘thereby vary the sensitivity of such device with re 
spect to direction. 
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