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This invention relates to directive antenna sys-
tems for transmission and réception of high-fre-
quency radio waves particularly to directive an-
tenna systems with variable directional charac-
teristies in at least one plane which characteris-
tics may be adjusted or varied in g relatively con-
tinuous manner independently of the physical lo-
cation in space of the structure.

I have found that a hollow pipe wave guide is
particilarly useful for feeding phased radiating
and receiving antenna arrays adapted to have
their. directional characteristics changed by a
change of phasing in the feed line, beécause such
change of phasing.can be accomplished in a rela-
tively simple manner by changing the wave length
of the oseillations in the hollow pipe wave guide.
The simplest form of phased radiating array fed
by a-hollow pipe wave guide is the provision of a
series. of slots or apertures in the wall of the wave

gmde spaced by a suitable distance, normally in #

the neighborheod of the wave length of the oscil-
lations in the wave guide. Because the wave
length of the oscillations in the wave guide isnor-
mally greater than that in unconfined space, the
radiation from an arrangement such as that just
meéntioned will take place in several sharply de-
fined directions, corresponding to the different
orders of spectra formed by a diffraction grating.
In order that crily the central beam may be radi-
ated it is necessary that the slots in the wave
guide should be separated by a distance less than
the wave lengths in unconfined air or else that
the radiating elements should themselves have
directive chardeteristics sharp enough to suppress
the extra order beams, The former alternative
may -be realized by introducing dielectric mate-
rial in the wave guide which has the effect of
ishortening the wave length in the wave guide,
and by some other similar rmethods. Such ar-
rangements, however, often make it difficult to
provide the desirable variation of the wave length
in the wave guide for varying the orientation of
the radiated beam.

By the present invention I have provided for
close spacing . of wave-guide-fed radiating ele-
~ments by providing radiating elements aliernate
units .among which are caused to be reversed in
phase. When such elemeénts are provided, it is
‘possible to .locate the radiating élements.so as to
‘be fed from the wave guides at points separdated
“by a half-wave length in the -guide, which half-
~wave length is usually shorter than the full wave
dength-in air even for air-filled hollow pipe wave
.guides. Sifice the hollow pipe wdve .guide may
Fhen be air:filled, it then becomes relatively sim-
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ple to change the wave length of the waves: there—
in.

The simplest form:of radiating elements readily
amenable to a reversal of polarity in-the- feed isa
dipole fed by a short two-conductor transmlssxon
line from the wave guide which-provides-the pow=
er for the array and also provides thé phasing. T
have worked cut many forms-of readily variable
phased’ arrays employing dlpoles mounted upon
wave guides and constituting various forms of the
present invention which are described below and
illustrated in the attached dr awings, in which:

Fig. 1 is a perspective view illustrating’the- gen-
eral prineiples of the construction and operation
of antenna systems in accordance with the’ ‘pres-
ent invention;

Fig. 1A is a perspective view, partybroken-away,
illustrating another method of obtammg a: smgle
broadside beam from an air-filled wave guide by
1ntroducmg a phase reversal at-alternate ra,dlat-
ing elements;

Fig. 2 is a cross section illustrating an- 1mproved
form of dipole antenna for use in am arrande-
ment such as that of Fig. 1 and Fig! 2A gives a
perspective view of the same, omitting the 8850~
ciated hollow pipe wave guide;

Fig. 3 shows, in elevation, an antenna system

- according  to the present invention including

30

35

means for contmuously varying -the-phasihg -of

‘the‘array;

Fig. 4 is an end view illustrating the use of a
arabolic cylinder reflector for further concentra-
tion of the beam provided by the rest of the: an-
tenna system in accordance with the present in-
vention;

Fig. 5 is a perspective view, partly broken-away,

- illustrating another form of refiector adapted for
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use in g system similar to that shown in Fig. 4;

Fig. 6 is a perspective view, partly broken away,
of an antennd system in accordance with -the
present invention illustrating another method of
varying. the directional characteristics without
physically varying the physical position of the
radiating elements;

Fig. 7.shows, in e¢rdss sectlon still'ancther form
of the present invention;

Fig. 8 is a plan view, partlally Jdiagrammatic,
of ‘an improved form-of the present invention for
relatively wide angle vanatlon in the orientation
of the directive maximum of the antenna system

Fig. 9 shows, partly in- cross-sectlon 3 -‘form-of

“the invention adapted-for variation’ of the-orients-

tion of the directive: maximum- of- the -antenns,

o ‘system with rapidity-overan-angle of -about 10°; -

55

"Fig. 10 is oy perspective view; partly broken away,



2,605,418

3

Nustrating an antenna system in accordance with
the present invention adapted for variation of the
orientation of the directive characteristics of the
antenna system about two different axes with-
out physical movement of the radiating elements;

Fig. 11-is a-perspective view, partly broken away,
of a radiating and receiving element adapted for
- use in connection with circularly polarized radia-
tion;

Fig. 12 is a perspective view, partly broken

away, illustrating a modified form of the present

invention employing radiating elements of the
type shown in Fig. 11;

Fig. 13 is an end view of an apparatus such as
that shown in part in Fig. 12 arranged to co-
operate with a special type of auxiliary reflector;

Fig. 14 is a diagram illustrating the scanning
characteristics of forms of the invention such as
those illustrated in Figs. 2 and 7; :

Fig. 15 is a plan view of another possible form
of apparatus in accordance with the present in-
vention, and

Fig. 16 is a perspective view, partly broken away,
illustrating still another method of obtaining a
single breadside beam from an air-filled wave
guide by introducing a phase reversal at alternate
radiating elements. ’

Figs. 17 and 18 illustrate, respectively in per-
spective and in elevation, still another arrange-
ment for obtaining a single broadside beam from
an air-filled feed wave guide by introducing an
additional relative phase reversal at alternate
radiating elements; . -

Figs. 19 and 20 are cross-sectional views illus-

trating arrangements for concentrating radiation
somewhat with respect to directions in a. plane
perpendicular to the axis of the antenna system;
. Figs. 21 and 22 illustrate an arrangement for
matching a scanning antenna according to this
invention to a wave guide leading to a transmit-
ting and receiving system, Fig. 21 being a front
view, partly broken away, and Fig. 22 being a
cross-section, and L

Figs. 23 and 24 illustrate another arrangement
for matching a scanning antenna according to
this invention to a wave guide leading to a trans-
mitting and receiving system, Fig. 23 being a back
view, partly broken off, and Fig. 24 being a cross-
section along the line 2424 of Fig. 23.

One object of this invention is to provide di-
rective antenna systems having more sharply di-
rective properties in at least one plane than the
more conventional antenna system used for very
short waves. Another object of the present in-
vention is to provide highly directive antenna
systems the orientation of the directive patterns
of which may be continually varied without actual
motion of the radiating elements or of any associ-
ated reflectors. ~Other objects of the invention
will be apparent from the reading of this speei-
fication.

Fig. 1 shows a rectangular wave guide pipe | fed
with electromagnetic oscillations of very high fre-
quency—for example about 3000 megacycles per
second—produced by & generating device 2 which
may be a magnetron type of transmitting tube

- operated intermittently by means (not shown) to
produce short-duration high-intensity pulses of
energy. A magnet for producing the magnetic
field required by the magnetron tube is shown at
3. The hollow pipe wave guide | is excited by the
generating device 2 through a coaxial conductor
transmission line 4 the central conductor of which
passes centrally through the wave guide | parallel
to its shorter cross-sectional dimension, so that
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the TEi1,0 mode of oscillation may readily be ex-
cited. Beyond the wave guide | the transmission
line 4 is short-circuited at a suitable location by a
terminal plug 5 and likewise the wave guide 1 is
short-circuited by the wall 6 at a suitable location
on one side of the transmission line 4.

The wave guide | is adapted to transmit the
THEo,1 mode of oscillation excited by the transmis-
sion line § without substantial interference aris-
ing from the presence of other modes. Such oper-

‘ation is obtained by suitably arranging the dimen-

sion of the wave guide |. Por this purpose the
cross section of the wave guide | is preferably
approximately ¢.3 by 0.7 wave lengths, referring
to the free-space wave length of oscillations of the
frequency in question. As is well known, the wave
length of the oscillation in the pipe 1 will be
greater than the said free-space wave length.
The part of the pipe | immediately to the left of
the transmission line 4 is shown in dotted lines
in order to indicate that the pipe may be, and
preferably is, a great deal longer than can be
conveniently illustrated in Fig. 1. If it is desired
to operate the apparatus of Fig. 1 for receiving as
well as for transmitting, a branch wave guide may
be connected with the pipe | near its right-hand
end, preferably on the back side, for connection of
the pipe | to a receiving apparatus, said branch
pipe being preferably provided with a protective
electrical breakdown device adapted to short-cir-
cuit the branch pipe while the generating device 2
is in operation. Such short circuit may, in ac-
cordance with known principles, be made to occur
in such 2 location that it does not interfere with
the transmission of electromagnetic waves along
the pipe f.

At regular intervals along the length of the
pipe I, said intervals being less than the said
free-space wave length of oscillations of the
frequency in question, small branch wave guides
1, of the coaxial-conductor type, are provided on
one of the broader walls of the pipe I. The co-
axial-conductor transmission lines 7 are coupled
to the wave guide | by the projection of the inner
conductors of the respective coaxial-conductor
guides into the hollow pipe wave guide |. Since
this projection of the said inner conductors is in
a direction parallel with the electric vector of the
TE1,0 wave in the pipe [, the coaxial-conductor
guides will be excited by the wave in the pipe |
and. the relative phase in which the several co-
axial conductor guides are excited will depend
upon the phase shift of the electrical vector of
the TEi,0 wave along the length of the wave
guide 1, in other words upon the electrical length
of the intervening portions of the wave guide I.
Thus if the spacing between centers of adjacent
coaxial conductor guides T is equal to a half-wave
length of the TEi,0 wave in the guide 1, the said
coaxial conductor guides T will be excited exactly
in phase opposition. i

Each of the coaxial conductor guides T ter-
minates in a dipole antenna. As shown in Fig. 1
at 8, 9, 10 and 11, these dipole antennag are each
oriented parallel to the broader cross-sectional
dimension of the wave guide ! and all of these
dipoles are at the same distance from the nearer
broad wall of the wave guide 1, to which they are
parallel. If desired, the dipole may be oriented
parallel to the longitudinal axis of the wave guide
(e. g. Fig. 15), or at 45°, etc., but they should in
each case be substantially parallel to each other.

The distance between the dipoles and the outer
surface of the wave-~guide wall is preferably made
to. be such that reflection of energy from the
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wave-guide wall will provide a:substantial rein-

forcement of radiation: from- the dipoles-in' the

directions away from ‘the wave guide ‘near-the
blane passing through thé axis of the afray and

perpendicular to the reflecting ‘wave-guide wall,

One- might- expect - the ‘most favorable distance
for this purpose to be a quarter-wave length, or
some other small odd number:- of quarter-wave
lengths, and in fact-such-a distance'is quite satis-
factory. ' It is found, however, that other dis-
tances may well be somewha} more favorable,
and particularly that distances considerably less
than'a quarter-wave length appear to-be especial-
ly favorable for the desired type:of reflection.
On- the other hand; distances approximating an
integral number of- half-wave lengths are -de-

cidedly - unfavorable: -Actually, the gain of the
individual antenna elements in the forward di-:
rection is not’ of ‘great” importance: since the

~ length'of the array provides such-a-great deal of

gain while providing the desired resolution. .
The dipole antennas 8; ¢, 16 and 11-and other:

dipole antennas (not shown) that may be located
upon the portion of the wave guide pipe ' shown
in dotted lines, are not oriented éntirely alike,
however, for alternate dipoles are effectively re-
versed; which ‘is to shy that while the upper
arm of the dipcles 8 and {8-is connected to the
central conductor of theé corresponding coaxial
structure T'and the lower arms of the dipoles 8

and 18 are connected to the outer conductor of

the structures 1, in the case of the dipoles 9 and
{1 it is the lower arm that is connected to the
cenfral. conductor of- the - corresponding “struc-
ture 7 and the upper arm of the dipole that is
connected to the outer conductor of the structure
1. Thus, if for instance the structures 7 and
consequently the associated dipoles, are spaced by
one-half of the wave length of the oscillations
in the wave guide 1, then, although the alternate
members of the series of coaxial strictures T will
be driven in relative phase opposition, the alter~
nate reversals of the dipcle connection will com-
pensate for such phase opposition and ‘all the
dipoles will be excited in phase. In consequence
a directive beam of radiation greatly concen-
trated in-a plane perpendicular to the axis of the
wave guide | will be formed. A similar diréc-
tional characteristic' will' be obtained for recep-
tion-purposes. If the length of the array is large,
the concentration of the beam in such plane will
be very great, it being entirely practical to ob-
tain a beam having a width of one-half a deégree
between half-power. points with anténna strue-
tures of reasonable proportions. Within the said
plane in which the beam tends to be conhcen-
trated as aforesaid; the radidtion is fairly broadly
distributed in direction. The reflecting effect of
the wall of the wave guide I does provide some
directivity, the half-power width of the beam in
& plane perpendicular- to the axis of. the wave
guide | being on this account about 60°, usually.
The beam may be further concentrated in this
plane by the use of reflectors-ag.shown in Figs. 4
and 5 or by distributing the dipole radiators in
two directions as shown in Fig. 16. Some con-
centration of this-sort may also be achieved by
using reflecting strips niounted on the feed wave
guide, as shown in Figs. 19 and 20 and further
described below. i
- I the spacing between centers of the coaxial
structures 7 is not 180 electrieal degrees (s half<
wave length of the oscillations in the wave guide
D) but some- other--value, preferably between
about: 140°"and -220° the -reversal of<alternate
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‘impregnated with graphite,

P

dipole-connections stiil cooperates in the foria~

- tion -of & single sharply deéfined beam by causing

suceessive: dipoles- to” have g - progressive phase-
shiit so that a. beam is radiated at an angle to
the axis of the wave guide | which is determined
in accordance with well-known principles by the
phase difference between suceessive dipoles.

In the arrangement of Fig. 1-energy proceed-
ing to the left in the wave guide pipe { is dimin-
ished by amounts of energy abstracted by the
coaxial structures 1, so that only a small amount;
which may be 5 per cent or 10 per cent, continues
to travel down the pipe | beyond the last of the
coaxial structures 1. Although this remaining
amount of energy is usually relatively small, it
should nevertheless not be allowed ‘to-build up
standing waves in the wave guide | as a result’
of reflection from the left-hand end of the said
wave- guide if such reflection effect can be pre-
vented. Consequently the left<hand end of the
wave -guide | is preferably filled with a suitahls
absorbing material, which may be cotton gauze
The location of the
absorbing material is indicated by the dotted line
at '12. The absorbing material is preferably
chosen in accordance with well-known principles
to provide a very small amount of reflection, if
any. Instead of an absorbing material filling the
whole end portion of the wave guide i, a suitable
resistor interposed across the central part of the
wave guide | and parallel to the narrow cross-
sectional dimension thereof may be employed.

“The coaxial structures 7 which support and
feed the dipoles 8, 9, {8, 11, and so on, may he
arranged.in-any of a number of ways. In the
form of. the invention illustrated in Fig. 1 the
space between the two coaxial conductors of the
said structures is preferably filled with a solid
dielectric material such as polystyrene in .order .
to support the inner conductor relative to the
outer conductor. Such material tends to shorten
the. wave length' inside the coaxial conductor
structure, but this is not important since an equal
effect will take place in each of the structures 1.
Intheform of apparatus shown in Fig. 1 the ends
of the structures 7 which terminate in the dipoles
8,9, I8, {1 and so on are chliquely terminated,
in order to provide clearance between the dipole
arm connected to the inner coaxial conductor and
the nearby portion of the outer coaxial conductor,
s0 that the dipole arms of each dipole may be
properly aligned with each other.

The center conductor of the coaxial structures,
instead of being supported as in Fig. 1 by dielec-
tric material, may be supported by continuing the
coaxial structures beyond the dipoles in such a
manner as to provide.a resonant short-cireuited
stub-support, the hecessary aperture being made

in the outer conductor for the passage of the

dipole - arm ' connected to the. inner conductor.
Still further modification of the manner of excit-
ing :the dipole -is possible with improvement in
result and I have shown in Figs. 2, 24 and 7 certain
breferred forms of structures for exciting dipoles
in apparatus of the bresent invention, which are
described in detail below.

Fig. 1A shows another method of obtaining the
phase reversal required for obtaining a single nar-
row beam from a series of spaced radiators fed
from an air-filled hollow bipe wave guide. A pors
tion of a rectangular hollow pipe wave guide is
shown at I8 which is adapted to be excited in the
TEo,1 mode. The radiating elements are in this
case simply slots 16 in.one of the narrower walls
of ‘the wave guide. The centers of the slots are
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§paced preferably between 140 and 220 electncal
degrees apart. Alternate slots-are:-covered -by
plates of rutile, such as the plate 17, in which the
wave length of the radiation is very much shorter
than the wave length of such radiation in air.
The plate 17 is of such thickness that the phase
of the radiation is retarded 180° with respect to
the phase that would have been obtained had the
plate been absent. - For the very high frequencies
here concerned the ritile plate 17 should have a
thickness of the order of magnitude of 6 mm.
The plate 17 may be conveniently cemented to the
wall of the wave guide 15. In the arrangement
illustrated in Fig. 1A it is possible that the radia-
tion resistance of the covered slot may be some-
what different from that of the uncovered slot,
so that the suppression of undesired side beams
may not be complete. To some extent it.is pos-
sible that this may be compensated for by provid-
ing structures in the wave guide 15, between the
slot locations, which have the.efféct of shunt re-
actdnces. Such arrangements, in accordance with
known princibles, may serve to equalize the energy
transfer through the two different type. of slots.
'This phase reversal by means of & suitable dielec-
tric plate may also be used with other forms of
slot arrays associated with wave guides, such as
arrays of transverse slots cut in the broad side of
a rectangular pipe, and so.on.” The slots in each
case are located so as to intercept oscillatory cur-
rents associated with the transmitied oscillations.
Transverse slot arrays modified as in Fig. 1 may
also be constructed with a coaxial-conductor wave
guide.

Fig. 16 shows another arrangement for prov1d-
ing a relative phase reversal in connection with
the radiation from slots cut in a hollow pipe wave
guide. In Fig. 16, the slots 170, (Ti are cut in
the broad side of a rectangular wave guide, pref-
erably in the center portion thereof. Normally
no radiation, or very little radiation, will occur
from slots so located, but screws 172 and {73 are
inserted into the wave guide to distort the field
within the wave guide so that an electric field will
appear across the slot. The screw {72 is on one
side of the slot 178, whereas the screw {13 is on
the other side of the slot (Ti, so that the field
distortion is geometrically in opposite directions
for successive slots, thereby providing the desired
phase reversal.

Still another method for providing a relative
phase reversal in connection with radiation
from spaced locations along a wave guide is
shown in Figs. 17 and 18. The radiation in this
case takes place from short eylindrical branch
wave guides 115, 176 and {17 and so on, supported
on-one of the broad sides of the rectangular feed
wave guide 180. In order that the branch wave
guides (15, 176 and (11 may transmit energy
without occupying too great a portion of the wall
of the wave guide 180, the cylindrical wave guides
may be filled with a dielectric material such as
polystyrene or paraffin or “polythene.” ' The
phase reversal is provided by means of a twisted
septum or partition {82, which is given a quarter
twist. - The polarization of the oscillations in
the cylindrical guide will follow the twist im-
posed by the septum. The twist is made in the
opposite direction in alternate branch wave
guides, so that in the wave guides {75 and 177
it is in one direction and in the wave guide {76
it is in the opposite direction. Thus between the
ends of the wave guides 176 and (77 there is
provided a 180° phase shift as a result of the
oppositely carried-out 90° twist. This cooperates

10
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8 o
with the phase shift produced by the length of
the guide 180 between the guides 176 and 171,
which is usually in the general neighborhood of
180°, say somewhere between 140° and 220°, to
provide a desirable type of antenna directive.
characteristic as elsewhere fully described here-.
in.

If the branch guides are filled with solid di-
electric material, this may conveniently serve to
hold the septa, about which the dielectric may
be molded, in position.

The degree of coupling between the main
guide and the branch guides is determined by the
size and shape of the apertures 183 through
which the guides connect. The system of an-
tenna organization shown in Figs. 17 and 18 is
of particular utility at very short wave lengths,
such as 1 em., at which other types of construc-

_ tion might involve too much fine work.
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One particularly useful form of apparatus em-
ploying the type of organization just described
is shown in Fig. 9 and described below.

- In order to simplify the illustration, no means
were shown in Figs. 1 and 1A for varying the
phasing of the radiating elements. An impor-
tant feature of the invention lies in the fact that
the phasing of the radiating elements of an an-
tenna system in accordance with the present in-
vention may be readily varied either continuously
or intermittently without altering the frequency
of operation or the relative physical location of
the said radiating elements. This important
feature of the invention arises out of the fact
that the radiating elements are fed from a wave
guide in which the velocity of phase propaga-
tion (hence the wave length for a given fre-
quency) may be varied. In contrast to the varia-
tion of the frequency of operation, which is very
difficult because high-power generators of very
high frequencies such as high-power magnetrons
are extremely difficult to manufacture in tunable
form and because variation of the frequency of
operation would require tuning of the receiver.
of the system as well as of the transmitter, it is
found in connection with this invention that the
variation of the velocity of phase propagation in
2 hollow pipe wave guide may be made hoth elec-
trically and mechanically practical and simple.

Fig. 2 shows in cross section a hollow pipe wave
guide adapted for varying the wave length of
oscillations at a given frequency within the wave
guide, together with one of the dipoles driven
by the hollow pipe wave guide and its associated
feeding and supporting structure. In Fig. 2 the
power distributing wave guide is formed of a
channel-shaped structure 20 constituting three
walls of the wave guide and a plunger member
21 forming the fourth wall of the wave guide, the
wave guide being generally indicated at 22. 'The
plunger 21 is adapted to slide up and down with-
in the channel member 20 thus varying the
broader cross-sectional dimension of the wave
guide 22 and consequently varying the wave
length of oscillations in the wave guide in accord-
ance with the relation

)\,=———_L_—_

=@

(2a>
The plug structure 21 fits quite snugly in the
channel structure 20 at its upper end, but its
lower portion is kept at a small clearance from
the channel structure 20 in order that a suitably

resonant cavity may be formed along each of the
corner edges of the wave guide 22 formed by the



9

presence of the plunger 21 in the channel struc-
ture 20. These cavities are adapted 40 produce
a very low radio-frequency 1mpedanf~e between
the lower face of the plinger 21 and the immedi-
ately adjacent portion of the chanmel structure
20, by virtue of the fact that the crogs-sectional
electrical length is snbstanmally a’ half-wave
length. ‘The resonator cavities compnse the nar-
Tow channels or clearance spaces 23 and 24 'and

the branch channels 25 and 2§.- The branch

channels 25 and 26 havea depth of an’ electnceﬂ :

quarter-wave length’ and the distance be tween
the mouth of the branch channels to the wavs
,gmde corner where the clearance spaces 23 and
24 connect with the wave guide 22 is lmemsn an
electmcal quarter-wave lengtn The c‘xannels 25
and 26 being short- circuited at their closed ends

10

15

8, low impedance will be présented at the wave

gulde corner. ' Moreover, ‘substantially no volt-
age ‘will oceur between the plug structure 21 and
‘the channel structure 28 where these two struc—
tures are in contact, 50 that contact logses are
kept at a minimum.

The form of divole shown in cross sec‘mon in

Pig. 2, together with its associated feeding and.

~ supporting structure is particularly well adapted
for the construction of antenna systems in ae-
cordance with the present invention.  The dipole
and its associated supporting structure is illus=-
trated in a perspective view in Fig, 2A. The di-
bole arms 28 and 28 are both supported on =z
- tubular member 30 which is provided with two
.longltudmal slots 81 and 32 at approximately 90°
around the circumference of the tubular mem-
“ber 88 from the positions of the ‘dipole arms 28
and 28. The outer end of the tubular member §0
is closed by a plug 84 which supports a coaxial in~
ner tubular member 35. The tubular member
33 is connected directly with the dipole arm 28
by means of a pin 3§ which in-addition to pro-
viding the aforesaid electrical connection also
furnishes additional support for the tubular
member 35. A rod 37 is tightly but slidably fitted
into the tubular member 38 so as to project be-

yond its inner end and beyond the end of the 1

tubular member 38 into the wave guide 22.

The plug 34 also closes off the cuter end of the
slots 31 and 32. These slots each have a total
length of substantially an electrical half-wave
length, so that the tubular member 30 is effec-
tively divided into upper and lower segments
the central portions of which mdy be excited
so that a radio-frequency voltage appears be-
tween them. Such -excitation is provided by
energy picked up by the rod 87 where it projects
into the wave guide 22 and impressed upon one
segment of the resonant portion of the tubular
stru_cture 30 through the pin 6. The radio-fre-
quency is then fed to the dipole 28, 2% which
the1eupon radiates the energy. The 1ntensrty of
the excitation of any partlcuxar dipole (in effect,
the txghtness or looseness with which the dlpole is
coupled to the ‘wave guide 22) may be adjusted
by varying the longitudinal position of the rod 37.
"The various individual dipoles may. be thus ad-
justed for uniform excitation or they may be
adjusted for any desired pattern of excitation, for
instance a pattern in which the dipoles nearer the
center of the array are more intensely energized
than the dipoles nearer the ends of the array,
an arrangement which tends to reduce the am-
plitude of the side lobes which usually appear in
addition to the main beam.

Fig, 3 illustrates the manner in which a wave
_guide of variable width such as that shown in
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Fig. 2 may be arranged for continuous varia- -
tionof the orientation of the d1rect1ona1 maxi-
mum’ of the ahtenna: system. With an-arrange-
ment similar- to that of Fig. 2 the directional

‘raximum of the antenna characteristic may be

swung through an angle of about 30° or more;-as
more fully described-in .connection with Fig.- 14.
The extént of beam deviation dévices of this type
is limited at one extremeé by the fact that exces-
sive’ narrowing -of the wave guide 22 by depres-
sionof ‘the. plinger:- 21 is likely-to bring the

“dimensions ofi“the wave guide to the critical

dimerisions for: the frequency in-question or-un-

'de51rab1y close. to ‘such® critical -dimension;-and
4dn the other direction by the Tact that w1demng
-of the wave guide 22-By raising the-plunger 2i

13eyond a ‘certain amount infroduces -the possi~
bility 'of ‘an-_uhdesired. multiplicity of ‘modes:of
oscillation in the wave guide.: Moreover; the res-

‘onators: 28, 25" and- 24, 28;7since’ they- operate
;- In’ the "TE1,07mode, are Somewhat sensitive:to

changes in-the electrical dimensions of the wave

‘guide 22 sand will ‘farnish-the desired apparent

- short clrcult at the corners of ‘the wave. guide

30

only for & certain: range of var. 1at1on of such elec-
trical dimensions." ": =

‘Tn Fig. 3 the feed wave gulde is shown at; 40 the
dipole array is shown'at 41. " The wave-guide 40
is tetminated at one end by absorbing: material
1ocated as ‘shown at £4.  One side of. the: wave

‘glide 48 is formed by the plunger indicated: by

dotted linés at 42, .which corresponds. with ‘the

"pluniger 21 of Fig. 2. The plunger 42 is- actuated

by a number of toggle links’ 45 suspended from &
frame 46 and operated together by a rod 47, so

that the plunger 427is' moved vertically and re-

mams parallel to.the bottom of ths wave guide
£6. 'The main body of ‘the wave guide. 40 is-fixed
to’ the frame 46 "at. its outer extremity. A

‘suitable- restra,mmg guide or'bearing surfdace:(not

shown)- is prov1ded to prevent the plunger 42
from moving 1ong1tud1nally when the toggles 45
are actuated. "The rod 47 is reciprocated longitu-

inally by the motor 48 acting through the crank
49 and the link §8. The motor is preferably

‘catsed ‘to revolve relatively ‘slowly, such as at a

rate of one revolution every few seconds. The ac-

. tuating mechanism -for the toggles 45 is ‘pref-
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erably so arranged so that in one revolution of
the crank 48 the toggles are first pulled to ‘one
side, then returned to cénter and then pushed to
the other side and then again returned fo center,
so that four complete sweeps, two in each direc-
tion, are: accomplished for each revolution of the
motor. “When the driving mechanism for the tog-
gles is operated as aforesaid the characteristic
motion of the toggles coopérates with the type
of recmrocatmg motion’ furmshed by ‘the crank
49 and the hnk 52 to nrowde E} deslralﬂe sweep
characteristic.

The transmitter and receiver of the system and
their assocmted apparatus are indicated in & gen-
eral way on Flg 3 by the boxes 51 and 82, Tfis
to . be understood that the motor 48 or the scafn-
ning *nechamsm should be connected either elec-
trlcally or mechamcaHJ, with some kind “of de-
vice (not. shown) for furmshlng to- the receiver
an indication of the instantaneous orientation-of
the antennsz system dn-ectlonal characterlstm in
order that this mformatlon meay be correlated
with. other mformatlon obtained from recelved
signals. Apparatus of the type here shown is of
particular utility in connection with’ rad1o echo
location and  detection apparatus - whlch is
adapted to transrmt short—duratmn hlgh-energy
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*pulses of hlgh frequency oseillation and to plck
-up-echdes of such pulses durlng the 1ntervals ‘be-
tween pulses

The apparatus of Fig. 3 .without further coop- )

-erating elements is adapted to concentrate. the
radigtion and the reception seusitivity of the an-
‘tenna’ system only in a cone which has the axis of
~the wave gulde 40 for its axis and which passes
over 1nto 5 plane perpendicular to the axis of
the wave guide 49 when the dipoles are all operat-
ing in phase As previously pointed out, some
- concentration of the sheet of radiation is pro-
“duced and in the case of- dipoles transverse to the
“gxis of the array the portion of the beam in which
“jintensity exceeds the half-power level is concen~
~frated bv the fact that the nearer wall of the
wave guide 40 parallel to the dipoles: acts as a
T ector into-an angle of 60° about the axis of
the: Wave guide; "Further concentration of “the

beam ma,y be obtained by the use of an auxiliary .

‘mirror as shown in Fig. 4, or by means illustrated
‘i Pigs: 19-and 20, or by both means together.
~By arrangements including a mirror.of the type
-shown in Fig. 4 4 beam may readily be concen-
trated into the form of a relatively thin pencil.
‘Tf desired, the concentration in-the beam by
“means-of the auxiliary mirror may be carried to
‘some intermediate degree, so that the beam may
be extremely narrow in one plane, such as for in-
vstance one~half degree wide between half-power
-points in & plane passing through the axis of the
dipole arrav, and moderately wide in another
'plane, poss1b1y 10, 15 or 20 degrees between half-
‘power points. ~ Such beams are especially useful
-for fast high-resolution scanning for radio-echo
lgeation equipment. It can be shown that scan-
“ning: with: 4 single pencil’ beam involves certain
“limits on-the combination of speed and.resolu-
tion, the scanning speed permissible going down
‘with the narrowing of the pencil beam for a given
"FecuiTence rate of signal pulses, because in prac-
-tice ‘a certain minimum target illumination for
-each scan appears to be necessary for satisfac-
- tory results, Maximum Tange requirements pre-
-vent much compensation for increased scanning
-speed by “increased recurrence- rate of signal
-pulses.
*- If & pair of beams is used; each of whmh is nar-
-row in one dimension only and broad in the other

cross-sectional dimension, and these beams are ‘:

“orossed,” which is to say that one has its narrow
-dimension approximately -perpendicular- to the
-fiarrow - dimension of the other beam, and these
-bearnsare then each scanned in a direction paral-

el to the narrow dimension, a satisfactory high

-resolution and long range scan can he obtained
-at relatively high speed. If the area  fo be

scanned- is not unreasonably large, such as from

ten degrees square to thirty or forty- desrees
square;- the loss of gain by the fanning .of the
. beam is not excessive, especially in view of the

fact that the narrowing of the beam in one di-

mension - increases the - antenna system gain.
. Thus, for a high- speed -high-precision locating
_device two systems of the type -shown in Fig. 4

would -be used,. one mounted in the general way
shown in.Fig. 4 with the axis of the dipole array
apprommately horizontal, and the other mounted
with the axis of the dipole array approximately
‘vertical. If desired, the entire system including
- the two perpendlcular antenna systems could be
mounted so that it could be swung to scan any
particular restricted solid angle. This type of
apparatus is of particular importance at the very
short wave lengths, such as wave lengths of sev-
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eral centimeters, where high.resolution -arrays
are readily obtainable. in a small space, but re-
liable and fast.scanning methods for such high
resolution apparatus have heretofore heen. diffi-
cult to construet.

In Fig. 4 the dlstrlbutmg wave guide is- shown
at 55 and the dipoles are located. at:56.. The
motor 57 drives a toggle mechanism §8. to vary
the orientation of the directional characteristics
of the system in the same manner as was ac-
complished in the apparatus of Fig. 3. The
dipoles 56 or, more accurately, the midline be-
tween the line of centers of the dipoles and the
reflecting surface of the wave guide 55, is located
at the focal axis of a semiparabolic cyhnder 59.
The semiparabolic cylinder 58 is a reflector, pref-
erably made of sheet copper or aluminum, suit-
ably supported. The wave guide 55 and the -
dipoles 56 are inclined upward so that the maxi-
mum illumination of the reflector occurs near the
center of the semiparabolic section of the re-
flector instead of near the vertex, which is in this
case at or near the edge. In an apparatus ar-

- ranged in this manner the amount of radiation
blocked off by the wave guide $5, the motor 57

and the associated apparatus for energizing, and
so on, is kept to a practical minimum. )
An antenna system of the type shown in-Fig.
4 including a linear wave-guide-fed radiating
array and ah auxiliary reflector has a particu-
lar advantage in that the frequency-sensitivity
with respect to the spacing between the antenna
array and the auxiliary reflector is very low, if
it exists at all. This is for the reason that such
energy as is reflected from the auxiliary reflector
back to the antenna array when the radiated
beam is radiated at an oblique angle to the axis
of the array will not cause the formation -of
standing waves in the wave guide system because
the direction of the radiation .so reflected back
to the antenna array is such as to set up a wave
travelling towards the absorber 44 (see Fig. 3)

_and not a wave travelling back towards the input

to the antenna system. This beneficial effect
does not take place when the beam is at right
angles to the axis of the antenna array but, as
pointed out below, when the beam is so directed
there will normally be a high standing-wave ratio
in the wave guide for other reasons, so that the
additional difficulty is relatively immaterial.

Fig. 5 shows another form of reflector which
may be used instead of the reflector 59 for con-
centrating the radiated beam in a plane perpen-
dicular to the axis of the wave guide. This form
of reflector may be referred to as a ‘“cylindrical
zone plate.” The curved surfaces are segments
of confocal cylindrical parabolas having direetrix
planes separated from each other by one wave
length. A study of this type of reflector has
shown that the directional pattern produced.by
means of such a reflector may be expected to
be almost as desirable from the point of view
of directivity as that obtained with an ordinary
parabolic cylinder, but that . some lowering of
the gain for a given aperture is to be expected.
The reflector shown in Fig. 5 is symmetrical about
a plane passing through the focal axis and the
lines of vertices of the various parabolic cylin-
drical surfaces. If desired, this type of refiector
might be modified in accordance with the princi-
ples explained in connection with Fig. 4 to make
it unsymmetrical with respect to this plane so
that apparatus located near the focus will not
substantially block off the radiation. o

Fig. 6 illustrates a method of altering the
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velomty of phase propagation in the distributing

wave guide in order to vary the orientation of"

the -directive pattern of the antenna system,
which method may be used instead of the method
shown in Fig. 2.
guide is shown at 68. ‘The -dipoles are shown
at 61, the apparatus being shown in a position
such that the dipoles are below the wave guide
69, in order that the arrangements on the back

side of the wave guide 60 may conveniently be !

shown. The end of the wave guide 60 is filled
with absorbing material 62 corresponding to that
shown at &4 in Fig. 3 and at 12 in Fig.'1. A
series of longitudinal slots 63 is cut in the middle
‘of the broad side of the wave guide §0 which is
shown upperimost in Fig. 6, the slots preferably

belng made in the portions of the wave guide 89

which lie between successive dipoles §1. These
slots 68, if not excessively wide, will cause sub-
stantially no interference with the normal mode
of operation of the wave guide 60 beca,use they
offer practically no interruption to any current
flowing in the wave guide surfaces. A plate 64
of polystyrene or other suitable dielectric ma-
terial cut in such a manner as to provide tongues
-adapted to be inserted through the slots 62 into
the wave guide 60, is mounted, by means not
.shown in the drawing, so that the said tongues
may he reciprocated in and out of the wave guide
66 ‘through the slots 83. Tn such reciprocation
it is' not necessary that the plate 64 be wholly
withdrawn. If it is desired wholly to withdraw
the plate €4 from the wave guide 68, the slot 63
might be provided with a suitable guide. In-
deed the provision of a small metal sleeve on the
outer side of the slotted wall of the wave guide
extending around the dielectric tongue for a small
‘distance away from the wave guide may serve
to'mitigate radiation from the slot in cases where
the slot is wide enough to permit radiation in the
absence of such sleeve.

- It will be seen that the dlelectrlc rnaterial of

the Dplate 64 is thus introduced into portions of
_the wave guide 89 which have oscillating électric
fields of relatively high intensity when the wave
guide 60 is excited, so that the effect of the said
dielectric material upon the characteristics of
the wave guide will be quite marked. The said
effect will be to shorten the wave length of the
oscillations in the guide for a given freguency
and the said wave length will be progressively
‘shorter as the amount of dielectric material in-
troduced into the wave guide is increased. The
advantage of this method of variation of the
electrical length of the wave guide 60 lies in the
avoidance of discontinuities in the wave guide
‘walls at locations of high current density. The
disadvantages include the fact that the range
of variation is not as wide as might be desired
for some purposes and also in the fact that for
certain electrical’ lengths the = discontinuities
caused by the dielectric insertion may set. up
reflections which are in phase and therefore
additive, thus building up standing waves of con-—
siderable magnitude.

It is to be noted in this regarq that for dis-
tributing wave guides of constant cross section
all the dipoles will generally not be matched
to the wave guide with regard to - im-

bedance relations, so that reflections will be °

set - up on account of such mismatch. - Such
reflections will be at a maximum when the
dipoles “are % wave length apart (referring
to. the wave length in the guide) but the
total reflections set up- diminish 'as the elec-

In Fig. 6 the distributing wave .
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‘trical length of the guide is vaned away from .

_ that corresponding to half-wave spacing, and this
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scanner, however, in the general case).

decrease:is particularly sharp for long arrays.
In general, the portion of the scanning cycle
produced by varying the electrical length of the
wave guide in which portion a high standing-
wave ratio occurs will be limited to substantially
one-half the beam-width, located symmetrically
with respect to the half-wave position, which is
the position at which the beam is perpendicular
to the axis of the wave guide. As the array is
lengthened the beam becomes sharper and the
portion of the scan at which high amplitude
standing waves occur becomes narrower. - At the
same time, however, the maximum intensity of
standing waves decreases rather than inecreases
with increase of the array length. This is due,
at least in part, to the fact that for longer ar-
rays the penetration of the coupling probe into
the feed wave guide will generally be less, which
resulfs in the capacitive effect of the probes
being more completely counterbalanced by the
inductive effect of the holes in the wave guide
wall through which the probes protrude. In ad-
dition, when the probe penetration is small and
the array long, the attenuation in the feed wave
guide becomes relativély more important and
further prevents the building up of large stand-
ing wave amplitudes even for conditions of nor-
mal beams direction (the reflections from the
more distant probes adding little because of at-
tenuation).

It is possible to provide means to indicate
the presence of a relatively high level of stand-
ing waves and such means may be used in con-
nection with antenna systems herein deseribed
for the purpose of making an accurate indica-
tion of the time when the beam is located per-
pendicularly-to the axis of the wave guide, thus
providing & monitoring calibration for the means -
associated with the scanning mechanism for cor-
relating the antenna orientation with other in-
formation obtained from received signals.

Since the regularly recurrent distribution of
the dipoles in the usual ease necessarily sets up
considerable standing waves at the adjustment
of the wave guide for 180° spacing, and since the

-discontinuities caused by the dielectrie insertions

in the wave guide in the apparatus of Fig. 6 have
the same spacial periodicity of distribution, the
reflection effects from both sources will have
their disturbing influence for the same electrieal
length of the wave guide 69, so that these reflec-
tion effects do not precisely constitute an addi- .
tional disadvantage of the type of arrangements
shown in Fig. 6. Indeed it might be possible
to cause the two reflection effects to cancel each
other in part (only for some positions of the
In the
type of apparatus shown in Fig. 6 however, it
may be more difficult to keep the standing wave
peaks at a reasonably low level, espemally for
long arrays.

"The above—mentloned possibility "of checking
the orientation of the beam by determining the
precise moment during the scanning cycle when
a relatively high standing-wave ratio appears in
the wave guide feeding the antenna array is of
great practical significance and ‘is applicable
generally to many forms of the invention, in-
cluding those of Figs: 2, 3, and 4, Fig. 7, Fig. 8,
and also Fig. 1A. Apparatus for such checking
purposes is indicated in a general way in Fig. 15,
The standing-wave ratio measurement is adapted
to give an indication-of the moment when the
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beam is oriented perpendicularly: to the axis of
the feed wave guide, which indication is independ-

ent, of the effects of temperature, changes ia fre- -

quency, and other effects likely. to be found in
practical operation. Apparatus adapled to detect
standing~-wave amplitudes in wave guides.is well
known. The information -cbtained from the
standing-wave detector may be applied in any of
8 number of ways to a cathode ray tube Whlch
may also serve to present information obtained
from the operation of the radio-echo location and
detection system of which -the wave-guide fed
dipole array forms:a part. Because the stand-
ing wave ratio resulting from the dipoles at dif-

ferent electrical lengths of the feed wave guide -

" is governed by the same mathematical relations
-as the intensity of the radiation in different di-
rections under conditions of normal beam trans-
mission (except for a factor of 2 which comes in
because the standing waves are waves which have
travelled down and back in the array), the
presentation of the standing wave ratic as a
function of scanner position on a suitable oscil-
loscope, as-just suzgested, may serve to monitor
the directional pattern of - the antenna array.
Damage to the antenna by way of physical de-
formation or the like which would cause the
directional pattern to deteriorate will cause a
corresponding change on the indication of the
standing wave ratio. .

The chief disadvantage of the suddenly in-
creased standing-wave ratio which accompanies
the production of a beam normal to the axis of
the array is the possibility that the change in
the load offered by the antenna resulting from
the standing waves may cause the transmitting
tube to shift its frequency of operation. 'This is
of no practical consequence for standing-wave
ratios of the order of magnitude encountered in
arrays of 50 wave lengths or longer, so fai-as
radio-echo detection apparatus of ordinary types
is concerned, but it may have some significance
in the case of specialized equipment of very high
aceuracy, such as equipment employed for direct-
ing anti-aircraft fire.. The effect of the vari-
ation in standing-wave ratio in the neighbor~
hood of the normal beam position of the scan-
ner may be greatly reduced by employing means
for varying the:length of the wave guide between
the feed wave guide of the antenna and the
transmitting tube. - Such: means may be a sec-
tion of wave guide of variable width. The elec-~
trical length of this variable portion. of trans-
mission means may then he adjusted so.that the
standing waves caused by the scanning of the
antenna through the normal beam position have
a minimum effect upon the frequency of opera-
tion of the transmitter. The variable portion
of wave guide thus has the function of adjusting
the electrical length of the wave guide so that
the standing waves are presented to the trans-
mitter tube in the most favorable phase. The de-
sired adjustment for this purpose may be made
readily in an experimental way with the help of
suitable measuring equipment; or in-some case
it may be predicted theoretically.

Fig. 7 shows an improved arrangement for
varying the velocity of phase propagation in the
distributing 'wave guide (and hence the: elec-
trical length) by mechanically varying its physi-
cal width. In the arrangement of Fig. 7 the
distributing wave guide 66 is defined by the space
between two structures which are vertically rela-
tively movable, the ball bearings 67 being pro-«
vided to facilitate such movément. One of-the
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said structures consists of the plate 68 and the

flange structure 69, which may conveniently be

soldered together, and the other of said struc-
tures consists of the plate 78 and the flange

_structure 71, which may likewise be soldered to-

gether. - The structures 69 and 7! are provided
with resonators respectively shown at 72 and 73
operating in the manner of the resonators 23, 25

" and 24, 26 of Fig. 2. In order that the discon-
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tinuity in the wave guide walls should not appear

at the wave guide corners, where circulating

currents may be expected to be quite large, the
structures 69 and 7! are cut away so that an
overhanging portion, shown at 14, 75 is provided.
In consequence the dlscontlnmty in the wave
guide wall is made to appear at a point nearer
the center of the broad walls of the wave guide,

so that the current flowing at such locations

will be substantially less than the current fiow-
ing 'at the corner. In this manner the range of
wave guide width (referring to the width of the
wave guide 66) for which the resonators 72 and
73 are able to give satisfactory service is ex-
tended.

The provision of means for providing tha- de-~
sired relative movement of the structures 68, 68,
and 10, TI will be readily understood without
further explanation. It will be seen that such
means should include some arrangement for
holding the two structures together, in coopera-
tion with which the ball kearings §7 may serve as
aligning means. .

The practical scope of varying the directivity
of an antenna array by varying the width of a
wave guide feeding the elements of the said

‘array is illustrated in Fig. 14, - Fig, 14 is a dia-

gram showing contours of equal beam angle
referred to the plane perpendicular to the axis
of the array, for different values of spacing be-
tween the elements of the array and for different
values of the width of the feed wave guide in
terms of the free-space wave length. The ratio
of antenna element spacing to the free-space
wave, length is plotted as the ordinate, and the
ratio of the width of the wave guide, sometimes
referred to as «, to the free-space wave length
is plotted as the abscissa. It is assumed that
alternate antenna elements are provided with
means for accomplishing a phase reversal as
previously described.

The shaded area of the diagram indicates
values of spacing and width which are unsuitable
for some reason or other,

Thus wave guide widths less than 0.5\ are
unsuifable because such wave guides are in the
cut-off range, which is to say that they will not
transmit waves of the frequency in. question.
Wave guide widths greater than A are undesirable
because of the likelihood of inferference of the
TE20 mode of transmission. The othér two
boundaries of the useful area.are determined by
the appearance of additional beams correspond-
ing to an “end fire” operation of the antenna
array. Thus the line.A . indicates the lowest
spacing and guide width required for end fire
operation in one direction, which may be said
to correspond to a beam of the -3 order; the
pI:incipal beam being of the order -+%.  Like-
wise, the line B indicates the greatest wave guide
width for which an end-fire beam will be pro-
duced in the opposite direction, which may be
said to be a beam of —1 order.

The nomenclature just used for referring to
the various orders of beams that may exist for
various spacing and wave léngths relations will
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be understood by reference to the formula for
the angle by which the direction of maximum
emitted or received radiation deviates from the
normal - direction  to the array, which angle is
refelred to as 0.

A n)\

' sm 0= N s
In ‘this formula A is the free space wave length,
Ag is the wave length in the feed wave guide, and
s is the spacing between elements of the array.
In the case of an array of non-reversed dipoles
n may take the values of 0, =1, +2, and so on.
In the case of 3 reversed dipole array constructed
in ‘accordance with the present invention, n is
found to take the values of *1%, +3 and so on.
Theé beam which is utilized in the type of scan-
ning normally chosen in accordance with the
information shown on Fig. 14 is that for which
the above equatlon holds when 7 has a value
of +1/2 -

It w111 be seen. from Fﬁg 14 that the variation
of the beam angle with wave guide width is not
a linear relation and that the beam angle is

u1te sensitive to changes in wave guide width
as the latter approaches the cut-off dimension
(for ‘which situation the wave length in the guide
is infinite and the velocity of phase propagation
ls zero). ' Thus, for spacing between antenna
elements of approximately 0.6 free-space wave
lengths, a variation in beam orientation of about
25 or 30 degrees can be practically obtained.
For the spacing of 0.5 free-space wave lengths
and less it appears from Fig. 14 that it is not
pra.ctmal 'to include a beam normal to the axis
of the array within the field of scan.. For this
reason 4 spacing of about 0.6 is usually preferred
because the inclusion of the normal orientation
within the scanning angle has the advantage of
providing a calibration check through the oc-
currence of high-amplitude standing-waves for
normal orientation.

If it is desired to make the angular rate of
scan approx1ma,tely linear a suitable cam or ec-
centric may be included in the mechanical mo-
tion which shifts the plate T0 with respect to
the plate 63 (Fig. 7). .

The cross-sectional dimensions of the feed wave,
guide perpendicular to the variable dimension
used for scanning is not particularly critical.
should be less than half of the free-space wave
length in order to prevent interference with other
modes and is preferably considerably shorter than
such half-wave length. About 0.3 free-space wave
lengths is a convenient size. The dimensions,
particularly the cross-sectional length, of the
channels 12 and 13 are quite important.” For rela-
tively long guides the following dimensions have
been found to be suitable, referring to the dimen-
sions indicated by reference characters on Fig. 7.

a=—0.356\ -

b=—0.356\

¢=0.334x

x=free-space wave length

One of the dipoles of the array driven by the
wave guide 66 is shown in Fig. 7 at 716. The ar-
rangement shown in Fig. 7 for energizing the
dipole ‘16 is a simplification of the energizing
means shown in Fig. 2. In Fig. 7 the forward
extension of the tubular member on which the
dipole arms are mounted, which was shown in
Fig. 2, has been in effect cut-off. The slots cut
in the tubular member, one of which slots appears
ih Fig. 7 at 17T cut in the tubular member 18, are
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therefore open at their outer ends and are only
about an electrical quarter-wave length long.
The tubular member 80 is thus supported wholly
by the structure 19 which connects it electrically
to the upper segment of the tubular member 78.
The rod 81 is firmly but slidably mounted in the
tubular member 80 and its longitudinal position
is adapted to be varied in order to adjust the de-
gree of excitation of the dipole 76 relative to that
of the other dipoles of the array. The type of
dipole shown in Fig. 7 is somewhat more compact
and slightly simpler in construction than the
form shown in Fig. 2. -

As previously indicated, the angles through
which the direction of maximum effectiveness of
the antenna system may be swung by varying the
lateral dimension of the distributing wave guide
is subject to a practical limitation which makes
it advisable to limit said swing to about 30° in the
forms of the invention heretofore considered, es-
pecially those of Fig. 2 and Fig. 7. Fig. 8 illus-
trates an arrangement of apparatus by which it
is possible to double the angle through which the
beam can be swung by varying the electrical
length of the wave guide in any given manner.
The orientation of the directive pattern of the
antenna system fed by a distributing wave gtide
in the manner above explained depends not only
upon the electrical length of the wave guide but
also- upon the direction of the flow of energy
through the wave guide. For a given adjustment
of the electrical length of the distributing wave
guide at a given frequency, if when the wave
guide is excited at one end the direction of maxi-
mum effectiveness of the antenna system forms
an angle ¢ with the plane perpendicular to the
axis of the distributing wave guide, when the dis-
tributing wave guide is fed from the opposite end
the orientation of the said direction of maximum
effectiveness will be in a direction forming an
angle equal to 26 with the previously obtained
direction of maximum effectiveness and likewise
at an angle of ¢ with the plane perpendicular to
the axis of the wave guide. Consequently if the
wave guide can ‘be alternately fed from one end
and then from the other and the electrical length
is varied with each type of feed from an electrical
length adapted to produce radiation perpendicu-
lar to the axis of the wave guide to some other
electrical length, for which the direction of maxi-
mum radiation might be displaced as much as
30° from the plane perpendicular to the axis of
the wave guide, the direction of maximum effec-
tiveness of the antenna system can be made to -
swing first on one side of the broad side direction
and then on the other. With such an arrange-
ment it is quite practical to obtain a swing of 60°.

In Fig. 8 an arrangement is shown for exciting
the wave guide 85 alternately from each end.
The wave guide 85 feeds an array of dipole an-
tennas in the general manner heretofore ex-
plained and means are provided, which are not
shown in Fig. 8, for varying the electrical length
of the wave guide 85 in order to vary the direc-
tional properties of the antenna system. The
straight wave guide 85 which supports the an-
tenna array is coupled at each end with a bent
wave guide (shown respéctively at 86 and 86a)
leading to a reversing switch 87. The reversing
switch 87 may take any of a number of forms. It
may generally be referred to as a “wave guide
transposition switch.”

The form of switch shown in Fig. 8 consists
simply of a resonant ring pivotally mounted in s
wayve guide crossing.- A simple crossing is formed
by the wave guide 88 and 86, 86a, the wave guide
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33 extending beyond-the crossing to an absorber
89. The switch 87 includes a resenant ring 81a,
which is -shown .end-on in. Fig. 8 and which is
pivoted on an.axis; perpendlcular to. both wave
guides (perpendicular to the plane of Fig. 8) lo-
cated substantially ‘at the-center-of the crossing.
The resonant ring §7¢ may be round or rectangu-
lar. (or.it may have some other shape, ior indeed
a resonant structure in some‘other shape, which
ismot @ ring at all, may be used), but in the rec-
tangular wave guide system-shown-it is-con-
venient tc provide a resonant ring of- rectangular
form also.  The dimensions of the ring should
be such as to resonate at the frequency of -op-
eration -and may - be designed so to resonate in
accordance: with known principles. - Such-a res-
onant ring acts as a reflector-of -energy -at such
frequency. Thus when the ring 872 -is-oriented
as shown in Fig. 8; communication is established

for transfer of energy between the wave guide o

28 and the wave-guide-86 and-slso between the
wave guide 86a and the absorber 89.. If the reso-
nant ring should be rotated: 90°, energy-trans-
ferring relation would be-established between the

wave guides 88 and 86a and-between the-wave :

guide 86-and the absorber-89. :Care:should pref-
erably ‘be taken in -operating the-resonant ring

87¢ that the -turning motion carries the ring

through the position in which the plane of the
ring is aligned with ‘the direction of the wave
guide 88 and not through- the -position in- which
the plane of the Ting is at right angles to the
direction of the wave guide 88. ~If this precau-
tion is taken, the intermediate position of the

ring 87 . will. couple the wave guide 88 at least in. 3

part to the absorber 89 and in consequence -re-
flections toward the wave guide 88 will not be
likely to -be -excessive. "The motion of the’'reso-
nant ring 8Te from one position to the other may
be made quite rapid by employing a suitable type
of driving mechanism, such as certain magnetic
types. “The driving: mechamsm is mdlcated gen-
erally at 87b.

The absorber 89 may be simply -a wayve guide

filled with material adapted to absorb osciliatory ;

electric ‘energy, corresponding in function-to the
absorbing material 62, or it may take-other forms,
such as a-‘device constructed in accordance with
the principles explained in W.-W. Salisbury’s

patent application, Serial No. 486,608, which is- ;

sued as Patent-No. 2,599,944 June 10, 1952. The
wave guide 88 leads directly to a transmitter 99

and leads-through a branch guide §f in which is’

interposed- s protective electrical breakdown de-

vice 92, to a receiver §3. "The apparatus required

for providing the desired indication in response

to received sighals and for performing ‘various

_ synchronizing functions, with which the present
invention is:not directly ‘concerned, is indicated
in a -general way bv various rectangular en-
closures.

In one position of the- reversing switch 87 the
transmitter will feed-energy to the wave guide
86¢ which will' enter the wave guide 85 at its
right-hand -end and-proceed to the left, most of
it being radiated from the varidus dipoles of the

“array and a small remaining amount proceeding
down the wave guide 86, back tothe switch 87 and
into the-absorber 89 where it is absorbed. “When

the transmitter is not operating and echoes of -

transmitted pulses energize the antennas of the
array, the maximum sensitivity of the antenna
array will be directed in substantially the same
direction as that in which the greatest intensity
of the last transmitted pulse was emitted and
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signals coming from such direction will exeite:
a wave in the wave guide 85 which will flow to
the right towards the receiver -83. = 'When the
switch 87 is in its other position in the wave
guide 85 will be energized from the left-hand end
and signals coming from the approximate direc-
tion in which the major portion of the radiated
pulse was radiated will excite a wave flowing to
the left in the wave guide 85 which will then
proceed through the wave guide 86, the switch 817,
the wave guide 88 and the wave guide 81 to the
receiver 93.

. For. some types of apparatus an extreme range
of variation of the scanning angle is not particu-
larly desired and it is possible to devise apparatus
for such purposes having a scanning range of
about 10° or so, which apparatus may include
certain simplifications that would be difficult to
incorporate into devices for scanning over wide
angles. TFig. 9 illustrates one such form of ap-
paratus for scanning over an angle of about 10°.
The form of construction shown in Fig. 9 is par-
ticularly convenient for operation at extremely

~ short wave lengths such as 1 or 2 centimeters.
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60

. Fig. 9 shows a cross-section of a type of array
embodying the principles illustrated in connec-
tion with Fig. 17 and Fig. 18. The cylindrical
branch wave guides with their twisted septa are
in this case fed from the narrow side of the feed
wave guide (shown at 200), in order that the
width of the feed wave guide 200 may be simply
varied by varying the separation between the
two metal pieces 201 and 202 which form the
wave guide 200. No significant amount of energy
will be dissipated through the gap between the
pieces 201 and 202 which communicate with the
wave guide. 200, because this gap occurs.only
at the center line of each of the broad walls of
the wave guide 200; across these center. lines
there is no tendency for oscillatory currents to
flow. 'This method of varying the width of the
wave guide 200 has the advantage that it dis-
penses with the necessity of providing choke res-
onators such as the resonators 72 and 13 of Fig. 7,
but this convenient method is not believed to he
practical for scanning which covers more than
an angle of about 10°, because considerable
amounts of energy will begin to leak out of the
gap between the metal pieces 201 and 202 if this
gap is made wide enough to produce the varia-
tion in width necessary for the greater range of
angular scan.

As shown in Fig. 9, the cylindrical branch wave
guides are formed in the same metal piece 201
which forms the upper portion of the wave guide
200. One of these branch wave guides is shown
in section at 203. Inorder to reduce the diameter
of the branch wave guide a filling of solid dielec-
tric material such as polystyrene is provided as
shown at 204. The twisted septum, which may be
of thin sheet copper, is shown at 205. The bottom
of the septum 205 is parallel to the axis of the
wave guide 280, whereas the top of the septum 205
is perpendicular to the said axis. The septum 205
and the two pieces of solid dielectric material 204
may be assembled beforehand (if desired the di-
electric material may be molded about the sep-
tum in a suitable cylindrical mold) and these as-
semblies may be simply inserted into the eylin-
drical recesses of metallic piece 201 and then
aligned therein for proper orientation of the
septa. As mentioned in connection with Figs. 17
and 18 in alternate elements the septa are re-
spectively twisted in opposite directions. A small
hole 206 in the wall of the wave guide 200 provides
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for energy transfer from the wave guide 200 into
the cylindrical branch wave guide 203. The size
of the hole 206 depends upon the number of ele-
mentgs in the array and the desired degree of cou-
pling.

Variation of the width of the wave guide 200
is accomplished by the motions of a rocker arm
210 controlled by the cam 211 and the cam fol-
lower 212. The rocker arm 210 is pivoted at the
ball bearings 214. Since the metal piece 202 need
not be very heavy and since the range of its move-
ment for a 10° scan will not be great, the type of
apparatus shown in Fig. 9 lends itself very well
to rapid scanning. -

Fig. 10 illustrates application of the principles
of the present invention for providing an antenna
system the directive maximum of which may be
swung in two coordinates without motion of the
radiating elements themselves. In this form of
apparatus energy is introduced into a wave guide
100 at 100. This energy is transmitted from the
wave guide 180 into a plurality of branch wave
guides 102 which may be formed by suitable
partitions in a metallic box-like structure
through suitable windows 193 in one of the nar-
row walls of the wave guide 10l. The electrical
length of the wave guide 100 is adapted to be
varied by movement of a lateral plunger 104.
Absorbing material shown at 105 is located in the
end of the wave guide 100. If desired, suitable
structures having the effect of shunt suscep-
tances may be provided in the wave guide 160 be-
tween the windows 103 in order to match out at
least in part the refiections occurring in the wave
guide 100 on account of the junctions effected
through the windows 103.

The branch wave guides (02 are each provided
with a row of dipoles in the general manner
heretofore explained, the dipoles being repre-
sented in Fig. 10 in the form shown in Fig. 7.
The dipoles are mounted on a single flat surface
and are distributed uniformly both in the di-
rection of the wave guide 192 and in the direction
of the wave guide 108.. The spacing in each of
these directions should he less than the wave
length in unconfined air of oscillations of the
frequency intended to be transmitted or received.
Accordingly, provision should be made for re-
versing successive arrays, either by reversing the

polarity of the first dipoles in each array, or by :

putting reversed 90° twists in the wave guides,
which may be coupled into the feed wave guide
either on the narrow or wide side. The width
of the wave guide 102 may conveniently be about

0.7 free space wave lengths for the oscillations in :

question. The electrical length of the wave guide
102 is adapted to be varied simultaneously by the
movement of plates 196 of dielectric material,
such as polystyrene, having tongues 107 project-
ing into the wave guide {02. The plates {06 are
actuated in unison by the vertical motion of a
plate 108 to which the plates {06 are attached.
The motion of the plate 108 may be brought
about by suitable shaft eccentrics or eams, or the
like (not shown) cor by hydraulic or other means.
Motion of the plate 108 causes the orientation of
the directive characteristics of the antenna sys-
tem to be swung about an axis parallel to the
axis of the wave guide 100 whereas motion of
plunger (04 in and out of the wave guide 100
causes the said directive characteristics to be
swung about an axis parallel with the axes of the
wave guides 1062, )

Preferably one of the swinging motions is made

considerably slower than the other in order that

10

20

35

10

15

60

65

22

a solid angle may be scanned with relatively uni-
form coverage. For example, the plate 168 may
be caused to move very slowly up and down while
the plunger 104 operates at a higher frequency,
making perhaps 20 or maybe 50 cycles of recipro-
cation for each cycle of the plate i08. The
sharper the beam of the antenna system, the
greater number of cycles it will be necessary for
the plunger 104 to make for a cycle of the plate
108 in order to obtain a reasonably complete cov-
erage of the entire solid angle in each cycle. If
desired, the plate 108 and the plunger 104 may
be actuated with the same periodicity but with a
phase difference in their motion of one-quarter
of a cycle, in which case the beam will describe
& circle or more exactly a cone. Such circular
motion might, if desired, be superimposed upon
another motion of the beam. Circular motions
of this sort are of particular utility in auto-
matic following apparatus.

If it is desired to employ the principle illus-
trated in connection with Fig. 8, to extend the
scanning abilities of an apparatus such as Fig. 10,
the wave guides 102, instead of being terminated
by absorbing masses such as the absorbing ele-
ment 89, might be terminated by another wave
guide parallel to the wave guide 100 and con-
nected to the wave guide 102 by windows similar
to the windows 103. In such case, it would be
necessary to provide a selector switch which
would enable feeding the antenna system in turn
from each of the four corners through one of the
extremities of the wave guide 180 or of the com-
plimentary wave guide at the other end of the
wave guide 102, the three unused extremities be-
ing connected to absorbers.

Fig. 15 illustrates gnother form of antenna
system according to the present invention differ-
ing in minor particulars from certain forms al-
ready described. In this case the dipoles, which
appear at 140, are arranged in a collinear array
instead of in a broadside array. The directive
pattern is still a “broadside” pattern. Phase
reversing arrangements are provided in alternate
dipole feeds as in previous cases. The dipole
mounts 141 are of the type shown in Pig. 2. The
feed wave guides constituting the dipole mounts
f41 are connected with g radio transmitting and

‘recelving system by means of a wave guide 143,

The transmitter is shown at 144 and includes a
vacuum tube 145 for generating high-frequency
oscillations. Circuits for causing the transmitter
to operate intermittently at high energy levels
are included in the box shown at 146. A branch
wave guide 147 leads through a protective elec-
trical breakdown device 148 to g receiver 149, (50,
which receiver includes at least one indicator {51,
which may be a cathode ray tube. The circuits
of the cathode ray indicator tube are coordinated
with the apparatus indicated at 146 for purposes
of synchronizing the indication of information
obtained by the system, such synchronization
being provided through suitable connections in-
dicated by the wire 163. A wire 152, also con-
nected to the indicator 151, is connected to a
standing-wave detector apparatus 193, which
may consist of a “wave separator” and g detector

- ‘and which is adapted to indicate the moment of

70

maximum standing wave ratio in the wave guide
142 for the purpose of providing a reference point
on the indicator 151. Such a reference marker
is a highly useful check on the operation of the
system because it is independent of thermal
effects on the wave guide structure, slippage in
translating devices, changes in frequency of
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operation and other such sources of errors. The
right-hand end of the wave guide 143 is ter-
minated with absorbing material indicated at 184.

The wave guide 143 is variable in width through
g5 'suitable arrangement which may ke that of
Fig. 7, or that of Fig. 2, or .some other similar
structure. 'The fizxed portion of the wave guide

" 143 carries a flange {55 upon which a motor 5%
is mounted which is arranged to drive a longi~
tudinal shaft 187 which operates a plurality of
short transverse shafts 188 which act to vary
the width of the wave guide, as by the action of
suitable cams located on the respective shafts
158. A translating device 160 which may be a
suitable potentiometer, condeunser or variable
transformer (“selsyn’”), is also mounted upon the
fized portion of the wave guide 143 and is adapted
to be controlled by the mechanical motion of
the wave guide width varying mechanism. . The
device {60 may be driven by a suitable cam on
the shaft {57 or by a mechanical link to the
movable. wall of the wave guide (43, such
mechanical link or cam cooperating with. the
electrical characteristics of the fransiating device
te provide a suitable continuous indication of the
orientation of the beam to the circuits associated
with the indicator 51, through the electrical
connection indicated at 18¢. The motor {56, the
shaft 1571, and apparatus associated therewith
may be conveniently mounted on the opposite
side of the wave guide structure {43 in such a
manner that the antenna array may be used with
a. mirror in the form of a cylindrical parahbola
with g minimum of interference with the radia-
tion pattern on the part of the scanning mecha-
nism. :

The indication of the orientation of the bheam
provided to the indicator 51 and its agsociated
circuits, instead of being provided through a
mechanical arrangement and translated into
electrical quantities by means of & potentiometer,
a variable transformer or some other type of
translating device, may be provided wholly by
electrical methods by providing a phase-sensitive
circuit adapted to measure electrically the change
in electrical length of the wave guide 143. For
this purpose a pair of probes or cther coupling
elements associated with the wave guide 143, one
near each end thereof, may be used in a suitable
circuit. ‘These probes may be placed either

through the wall of the guide, to pick up the °

field inside, or outside the guide, to pick up the
field radiated from the dipoles. Phase com-
parison between the two probes will indieate
changes of electrical length less than a wave
length and a suitable counting or registering
device may be provided to indicate changes in
electrical length greater than a wave length. If
the dipole array is long, the latter alone may be
sufficient. 'The counting or registering. device
may be associated with a reversing switch oper-
ated by the scanning mechanism sc that the
counting device indicates increase of electrical
length during narrowing of the wave guide and
decrease during broadening of the wave guide.
As another possibility, a.beam direction indicat-
ing system including a mechanical arrangement
such as that indicated in Fig. 15, may be used
for controlling the deflecting plates. of  the
cathode ray tubes that may be the indicator {51,
and electrical means of the type just mentioned
may be employed to provide a series of check
points or markers on the indicator i8{ corre-
sponding to electrical lengths of the wave guide
{43 differing from each other by one wave length.
A reduced number of check points, each of them
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sharply defined, can be obtained by mixing the
amount of radio-frequency energy picked up by
a plurality of probes spaced regularly along-the
array. In cooperation with the reference marker
provided by the operation of the standing wave
detector {53, such check points could ke used to
facilitate relatively accurate reading of the in-
formation presented upon the indicator (51.

Figs. 19 and 20 illustrate simple ways of pro-
viding a certain amount of concentration of the
radiation of an array constructed in accordance
with the present invention, with respect to direc-
tion in a plane perpendicular to the axis of the
array. The concentration so provided is not very
great but it is useful for many purposes. This
type of arrangement is particularly effective when
the dipoles are oriented to form a co-linear ar-
ray since in such case all portions of the dipoles
are ‘at the same distance from the area’s re-
flecting members. This type of reflector can,
however, he utilized to some extent when the di-
poles are not parallel to the axis of the feed wave
guide and are therefore not co-linear.

In Fig. 19 an arrangement is shown which
provides a reflector in the form of a rectangular
corner or edge, one side of the rectangular cor-
ner being formed by the plate 228, which also
forms the upper wall of the wave guide 218 and
the other side of the corner is formed by the
metal plate 221 which is mounted on the plate
228, The plate 221 is preferably mounted on the
plate 220 in such a manner that the dipoles will
e eguidistant from both the plate 221 and the
plate 220.

In Fig. 20 an arrangement is shown, the view
being this time a cross-section, in which two sheet
metal reflectors are mounted on the wave guide
wall which carries the dipole array. These re-
flectors may be straight or curved and may be
either symmetrically or unsymmetrically ar-
ranged with respect to the dipoles, according to
the type of energy distribution which is desired.
In Fig. 20 the upper reflector 225 is curved and is
somewhat larger than the lower reflector 226
which is flat:

In order o provide good energy transfer char-
acteristics between the antenna arrays using a
variable-width wave guide and radio-echo trans-
mitting and receiving equipment and in order to
reduce standing waves in transmitting equipment
during the operation of the latter it is desirable
to provide automatically variable impedance-
matching devices hetween the variable-width
wave guide and the fixed wave guide which is
connected to the radio transmitting and receiv-
ing equipment. The significance of such means
arises from.the fact that the characteristic im-
pedance (or the parameter that corresponds
thereto in a hollow-pipe wave guide) varies with
the wave guide width for a given short dimension
of the wave guide cross-section, at least if the
fixed-width wave guide coupled to the variable-
width wave guide-is not always aligned with the
center of the latter. Figs. 21 and 22 illustrate
an arrangement for providing a gradual taper
from the fixed wave guide to the wave guide of
variable width. The taper is provided by a piv-
oted piece of metal 236 which forms one of the
narrow sides of the end portion of the variable-
width wave guide.

Pig. 21 is a front view, with the front plate 231,
which carries the dipoles, partly broken away.
Fig. 22 is a cross-section. The upper narrow
wall 222 of the feed wave guide 233 is fixed in
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position upon the front plate 231. The lower
narrow wall 235 of the main portion of the wave
guide 233 reciprocates uniformly in g vertical di-
rection, as driven by the scanning mechanism,
and is fastened upon a bhack plate 226 which par-
takes of the same motion. The end of the metal

piece 23§ which is nearest the antehnsa array is

pivoted by means of a pin 238 at a fixed point
on the back plate 238. At the other end of the
metal piece 230 is provided a slot 240 which
engages a pin 241 which is mounted on the fixed
front plate 281. When the back plate 23§ is
driven by the scanning motion, therefore, the
right end of the metal piece 230 will move up and
down with the metal piece 235 which forms the
lower wall of the main portion of the feed wave
guide 233. The left~-hand end of the metal piece
238, however, will be required by the pin 241 to
remain in substantially the same vertical posi-
tion, the mechanical motion being taken up by a
certain amount of horizontal motion at the slot
248. This type of arrangement is therefore
adapted to provide a tapering transition between
the fixed wave guide 243 and the variable-width
‘wave guide 233, whatever: particular width the
wave guide 233 may have within the range of the
scanning motion.

" Since the metal piece 230 moves not only rela-
tive to the fixed front plate 231 but also relative
to the back plate 286 upon which it is pivoted,
it is necessary to provide the metal piece 230 with
two choke resonators instead of one.. These are
shown at 245 and 246 respectively (see Fig. 22).
In order that both of these resonator grooves may
be conveniently accommodated in the metal piece
220, they are filled with a solid dielectric mate-
rial ‘such as polystyrene, which results in an in-
crease of electrical length for a given physical
length, so that the physical depth dimensions can
be made conveniently small.

Figs. 23 and 24 illustrate an arrangement for
maintaining a desirable degree of power transfer
between a wave guide of fixed width and a wave
guide of variable width without the use of taper
sections.
that a satisfactory impedance match can be main-
tained provided that the wave guide of - fixed
width is moved so that it remains centered with
respect to the wave guide of variable width. Fig.
237is a back view of one form of arrangement op-
erating on this principle and Fig. 24 is. a cross-
section of the same along the hne 2424 of
Figi23.

The fixed front plate which carries the dipole is
shown at 250.
at 251. A rack 252 is mounted on the latter
and another rack 253 is mounted upon a bracket
254 which is carried on.the front plate 2508 near
one of its longitudinal extremities. A pair of
pinions 255 and 256 are arranged to engage the
racks 252 and 253 and are mounted in a small
frame 258. It will be seen that the movement of
the rack 252 as a result of the scanning motion
impressed upon the back plate 251 will impress
upon the frame 258 a motion having half the
amplitude of the driving motion. This motion is
then impressed upon the fixed-width wave guide
260 by means of an arm 261 which is fastened
to the wave guide 260 by means of a plvot con-
nection,

‘The wave guide 288 is folded back on 1tself as
partly shown at 262 in Fig. 23, the back portion of
the part of the wave guide 260 which is so folded
back being broken away at 263 in order to simpli-

- ‘This device depends upon the discovery
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“through an angle « the antenna next to- it will

70

15
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fy the illustration.. The general disposition of
the wave guide 260 follows the arrangement of
Fig. 8. At a suitable place in the portion of wave
guide thus folded in back of the antenna array
a wobble joint is provided in a well-known way
in order to permit the wave guide 269 to follow
the motion. impressed upon it by the frame 258.
Because the motion of the frame 258 has exactly
half the amplitude of the motion of the back
plate 251, the position of the frame 258 can be
adjusted so that the wave guide 260 is automati-
cally maintained centered with respect to the
variable-width wave guide which feeds the an-
tenna array.

For antenna systems in which the range of
width variation of the antenna feed wave guide
is relatively small, as in the case of the apparatus
of Fig. 9, it is not necessary to use either an
arrangement of the type of Figs. 21 and 22 or an
arrangement of the type of Figs. 23 and 24. In
such case the wave guide connecting to the trans-
mitting and receiving apparatus may be simply
tapered to some suitable average width and cen-
tered with respect to the average-width posi-
tion of the variable-width wave guide or some

-other suitable mean position thereof.

.. Fig. 11 shows an antenna for radiating or re-

The antenns
is fed from & coaxial transmission line compris-

-ing the outer conductor 11§ and the inner con-

ductor {ti. The antenna consists of two di-
poles 112 and (13 which are oriented at right
angles to each other. The dipole 112 is fed di-
rectly by the coaxial transmission line but the
dipole 113 is fed through intervening folded por-

‘tions of conductor so folded being a quarter-wave

length. Consequently, the dipole (i3 will be
energized with a phase delay of 90° with respect to
the energization of the- dipole 112. The result~
ant radiated wave will therefore be circularly

‘polarized.

Figs. 12 and 1'3' show an arrangement for utiliz-
ing antennas of the type shown in Fig. 11 in a
system in accordance with the present inven-

tion.  As shown in Fig. 12, in this arrangement

antennas of the type shown in Fig. 11 are mounted

-upon-a distributing wave guide 128 so as to be

supperted and energized by said wave guide but .
in a. manner adapted to permit rotation of the
antennas by the gears 121, 122 and 123 which are

.fixed to the outer conductors of the transmission
lines feeding the respective antennas.

Each of
these gears is.driven by another gear, such as
those shown at {24, 125 and 126, which in-turn

are driven from a common source of power at

suitable relative speeds. The gear ratios are so
constructed that when the gears are driven by a

-common drive there is a progressive difference in
_relative rate of rotation between successive an-
_tennas for the whole length of the array. Thus
.the middle antenna of the array may remain

fixed and the antennas on one side of the array

Inay be arranged to rotate in one direction with
_the rate of rofation being such that when the

anfenna next to the fixed antenna rotates

rotate through an angle 2a the next one through
an angle 3« and so on. The .antennas on the
othér side.of the fixed antenna will rotate in a
similar manner except in the opposite direction,
If desired, instead of accomplishing the rota-

- tion ‘through a system of gearing, it could be ob-

tained by a system of synchronous electnc—
motors.

As will be seen from Fig. 12 alternate antennas
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in the array are reversed with regard to their
‘connection to the feed line so that when the array
is in what may be termed the zero position, all the
vertical dipoles will be energized in phase and
all of the horizontal dipoles likewise in phase, if
the spacing is 180 -electrical degrees in the wave
guide. The antennasarepreferably separated by
lengths of the wave guide 128 measuring electri-
cally approximately 160°, although the electrical
length may be varied within relatively wide limits
for this purpose. An electrical spacing of 180°
is to be avoided on account of the occurrence of
reflections unless elaborate precautions are taken
for matching the antennas to the wave guide.
The general aspect of the change in the directive
pattern obtained by rotating the antennas as
described is the same for 160° spacing and 180°
spacing. but the formulae relating to the matter
are simpler for the case of 180°. . For 180° spacing
the angle of the beam emitted by the array will
he given by the formula

; sm“—(z + k)

where % is any integer which makes ¢ a real angle.
A represents the wave length in free space of the
radiation in question, s the spacing between an-
tenna centers and « the angle through which
the gntenna next to the fixed center antenna has
been rotated from the position f01 which the radl-
ation.was normal to the array.

The advantage of this type’ of gsystem is that
‘the beam may be swung without any oscillating
motions. For certain angles,however, two beams
will exist when. the spacing between antennas is
more than % of the free space wave length, but
for air-filled .guides of practical dimensions, a
single beam is emitted for-a substantial portion
of the cycle. The apparatus may be turned off
during other parts.of the cycle. The introduc-
tion of solid dielectric material into the wave
guide 12§ may permit increase of the angle
through which the beam can be swung without
the cecurrence of ambiguity.

. A special type of auxiliary reflector is neces-
sary. for practical application of an apparatus of
the type illustrated in- Fig. 12. An apparatus
of the type shown in Fig. 12 is not suitable for
sending out pulses of energy and receiving them
at the same time in the normal way because the
returning waves, having been reflected once, will
in effect be circularly polarized in the opposite
sense and the components thereof will be can-
celled in' the antenna elements instead of being
reinforced, so that no waves will be produced in
the- wave guide 126.
could not be used for-receiving and transmitting
in an ordinary  duplex-operation system; except
for the reception of echoes from double refiec-
tions. Antenna systems of this type can, how-
ever, be used in ordinary duplex-operation sys-
tems by providing a special type of auxiliary re-
flector as shown in Fig. 12, The auxiliary re-

~flector shown: in Fig. 13 has the shape of a semi-

parabohc cylinder and consists of a reﬂectmg
metallic sheet 130, a dielectric material on the
front of the reflecting-sheet 123 having a thick-

ess of apprommately 15 wave length and shown
a,t i3f, and a series of parallel wires parallel to

the- focal axis of the parabolic cylinder 130"

mounted on the front face of the dielectric ma~
" terial {21, These parallel wires are indicated
at132.

Circularly polarized waves are radiated by an
array of antennas one of which is'shown at 135,

28
which antennas are fed by the wave guide 136
and. are rotated by the spur gears (3T and 138
and by the bevel gears {39 and 13%¢. The bevel
gear 139¢ is mounted on a drive shaft which pro-
vides a common drive for all the rotating an-
tennas. When the circularly polarized radiation

" reaches the parallel wires (32, the horizontal
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component is reflected but the vertical component
proceeds through the dielectric material {31 to
the sheet 138 where it in turn is reflected and
proceeds back through the dielectric material.
Since the dielectric material has a thickness of
15 wave length, the additional path of the vertical
component has an electrical length of a guarter-
wave length, so that the resultant of the reflected
vertical component and the horizontal compo-
nent reflected by the wires (32 will be a plane-
polarized wave, the plane of polarization being at
an angie of 45° to the horizontal. When echoes
of the same polarization are received, the aux-
iliary reflector 180, {31, 132 will convert the re-
ceived wave into circular polarization which is
adapted to be picked up by the antennas 35
and to set up a wave in the wave guide {38 and

this wave will travel toward the transmitter.

Such wave is then transmitted to a branch wave
guide (not shown) leading to a receiver (not
shown). The antennas 135 and the wave guide
186.are so located that the focal axis passes be-
tween the antennas and the nearer side of the
wave guide {28, so that the reflector 138, 131,
132 will act to concentrate the beam of radiation
produced.

For large deviations of the radiated beam from
the plane normal to the axis of the wave guide
135, the phase change of the vertical component
of the.radiation in the dielectric material 131
will .be less than the desired 90°, so that the
apparatus will function less effectively. This
effect will be less noticeable, the higher the di-
electric constant of the dielectric material used,
because of refraction of the ray from air into the
dielectric medium. The phase change is reduced
approximately by the factor cos 62, when 62, the
‘angle of refraction, is small. It is precisely for
the greater deviations, however, that there arises
the difficulty mentioned in connection with Fig.
12 relating to the formation of more than one
beam. Thus.another reason exists in the appa-
ratus of Fig. 13 for shutting off the transmitter
for the period during which the position of the
rotdtable antennas is such that the radiated

‘beam would have an orientation at a large angle

to the plane normal to the axis of the wave guide

 |30

Another advantage of the apparatus shown in
Figs. 12 and 13 is that the standing-wave ratio
in the wave guide 1286 could be expected to re-

-main substantially constant since the rotation of
‘the antennas should have practically no effect

upon the impedance match between the anten-
nas and the wave guide 136.

Although the apparatus shown in Figs. 12 and
13 uses a distributing wave guide of fixed dimen-
sions and electrical length, the means for rotat-
ing the various antennas constitute in effect
means for causing a progressive relative shift in

_bhase between successive antennas of the array,
“just as the means illustrated in connection with

other forms of the invention for varying the
velocity of phase propagation in and the electrical
length of the distributing wave guide likewise
acted as means for producing a controllable
amount of a progressive relative shift in phase
between successive elements of the antenna array.
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What is claimed is:

1. An antenna system Wlth a variable dlrec-
tional characteristic including a plurality of uni-
formly spaced. dipoles, successive dipoles. being
Separated by not more than the free-space wave
length of waves in connection with which said
system :is: adapted to operate, a wave guide in
energy-transferring relationship with said di-
poles, means for varying the phase velocity in at
least portions of said wave guide, and means pro-
viding for a 180° phase shift of radiation from
alternate dipoles in addition to such phase shlft
as arises from said wave guide.

10

2. An antenna system with a vaflable du‘ec- .

tional characteristic including a - plurality. of
regularly spaced dipoles separated by.not more
‘than the free-space wave length of .oscillations
in connection with which said system is adapted
to operate, a hollow; metallic wave. guide .in

energy-transferring  relation with said dipoles, ;>

.means for connecting said -dipoles with said wave
-guide-to complete said energy transferring:rela-
‘tion providing for reversed connections for-alter-
.nate dipoles, and means for varying the electrical
.length of: at least portions said wave guide, : .

“. 3. An antenna system with: a variable- direc-
tional characteristic including a row .of - uni-
formly spaced dipoles separated by not, more than
free-space wave length of oscillations for which
the said system is adapted, a hollow, :metallic
wave guide, means coupling each of said: dipoles
in electrical energy-transferring - relation -with
'said wave guide, said means all having substan-
tially the same electrical length hut providing

reversed connections and consequent .phase in-

version for alternately located dipoles, and means
for varying in the same proportion the electrical
length.of .the respective: portions of said wave
guide . 'lying ‘between said dlpole connectmg
means.

4. An antenna system w1th a variable du’ec-
'.txonal characteristic - including a row of - uni-
- formly spaced dipoles arranged with their centers
 Substantially in a straight line and separated by

-less than the free-space wave length of oscilla-

< tions for  which the said:system is adapfed, a
straight, hollow, metallic wave guide, means cou=
pling each. of said dipoles to said wave ‘guide. in
electrical energy-transferring relation, and means

~all - having -substantially  the same- electrical

- length :but. providing reversed connections- and

., consequent. phase inversion for alternate. dipoles

-of gaid row, and means disposed within said wave

..guide for varying the phase velocity in at least

zportions of said wave guide adapied to vary in. :

~the same proportion the electrical length of the
= respective portions of said wave guide lying be-
-tween said dipole-connecting means. )

w0 D, An-antenna system with a var1able dlrec-

- tional. charactemstxc including a row -of dipoles.

- separated by not more than the free-space.waye
length of oscillations for-which the said system is
. adapted, a hollow wave-guide adapted to trans-
_mit electromagnetic energy in the TEo,1 mode
,w,ithbut substantial interference from. other

- modes, means associated with each of said di-

- poles coupling said dipoles to said wave guide in
electrical energy transferring relation, said
- means- all having substantially the same elec~
" trical length but providing reversed connections
~and censequent phase inversion for alternately
. same. proportion the electrical length of respec-
%ive. portions of said wave gmde lymg between
;-sa1d dipole-connecting means.
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6. An. antenna system according to claim 2
having also means for independently adjusting
the coupling between the respective dipoles and
the wave guide in energy transferrmg relation
therewith.

7..An antenna system with a variahle direc-
tional characteristic including a straight hollow
wave guide, a row of uniformly spaced dipoles
supported on said wave guide, successive mem-
bers of said row having their respective centers
separated "by- less than the' free-space wave
lengths of ‘oscillations for which the said system
is adapted, supporting and connecting means
for each of said dipoles for supporting said di-
poles: with respect to said wave guide and con-
necting them therewith in electrical energy
transferring relation, said means all having sub-
stantially the same electrical lensth but those of
said means: which are associated with alternate
dipoles of said row having reversed connections
with said dipoles adapted to produce phase in-
version, .and means disposed: within said wave

.guide for varying in the same proportion the
-electrical length ‘of the respective portions of
said wave guide lying between successwe sup-

porting and connecting means.

8. An antennsa system according to claim 7 in
which the supporting and connecting means as-
sociated. with the dipoles include a central con-
ductor projecting into  said wave guide which
is adjustable in respect of-the extent it projects

- therein.

9. An antenna system in accordance with claim
2 in which the wave guide therein specified is
terminated at one extremity by means absorbent
of electrical oscillations from said wave guide
without the productlon of substantial reflection.

10. An antenna system including. a row of di-
poles mounted on a wave guide at a distance of
approximately a- quarter-wave length from the
outer surface thereof and connected electrically
to said wave guide by means of connecting means,
the connections of which are reversed in the
case of alternate dipoles of said row, the centers
of said dipoles bemg spaced by less than the free-
space wave length of oscillations for which said
antenna - system is adapted, means for varying
the electrical length of said wave guide, a re-
flector having the shape of a portion of a para-
bolic cylinder located with .its focal axis parallel

to the axis.of said wave guide and lying between
-said wave guide and said row of dipoles, said re-

flector being further oriented so that the direc-
tion of maximum radiation of said dipoles in a

" plane perpendicular to the axis of said. wave

guide is directed approximately toward the cen-
tral part of the 1ntersect10n of such plane with

_ the said reflector.
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11, An antenna system accordmg to claim 3 in
which the means. for varying the electrical
length. of portions of said wave guide comprises

_tongues of dielectric material protruding through

,_centrally located longitudinal slots in a wall of

65

said wave guide and into said wave guide to-
gether with- means for simultaneously recipro-
cably moving said tongues of d1electr1c matenal

- in said slots.

70

12. An antenna system including a substan-

‘tally rectangular wave guide of variable width

formed of two laterally shiftable portions, said

- portions -each including a plate and a flange

-8,

. structure; said flange structure being shaped to

include a corner of the said wave guide and being

- further provided with a groove adapted to co-

operate with: clearance . between the said ‘por-
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tions to. produce a relatively low impedance be-
tween the said portions at the wave guide bound-
. ary, a row of tubular structures supported on
one of said portions and projecting outwardly
from said wave guide, each of said structures sup-
porting & dipole in electrical energy-transferring
relation with said wave guide, said structures be-
ing spaced from each other at a distance less
than the free-space wave length of oscillations
for which said antenna system is adapted, and
means for actuating said laterally shiftable por-
tions of said wave gulae to-vary the width of said
wave guide.

13. An antenna. system with a variable direc-
tional characteristic ~including “a - relatively
straight, hollow, rectangular wave guide, a row
of dipoles mounted on said wave guide and ar-
ranged to be excited by said wave guide with a
constant phase difference between successive di-
poles, said dipoles being ‘spaced -between cen-
ters by less than the free-space wave length of
oscillations for which' this said-antenna’ system
is. addpted, means: for varying the electrical
length of said wave guide, additional wave guides
connecting -the respective ends of said first-
mentioned wave guide to a wave guide reversing
.switeh, a wave guide reversing-switch connecting
to said additional wave guides, to an energy ab-
sorber, and to a wave guide associated with a
radio apparatus, and adapted to connect said
apparatus alternately to either of said additional
wave guides and simultaneously to connect said
absorber to the other of said additional wave
~guides, and means for operating said reversing

switch intermittently to provide for operation of i

“§aid electrical-length-varying means while the
sa1d reversing switch is in each of its positions.

14. An- antenna system having a variable: di-
rectional characteristic including g substantially
straight wave guide, a ‘plurality of antenna -ele-
ments electrically connected to said wave guide
‘and physically mounted thereon and adapted to
vadiate cireularly poldarized waves when éxcited
by said wave guide, said antenna elements being
spaced at intervals of -less than the free-space
“wave length of oscillations for ‘which the’ said
antenna system is adapted, alternately located
antenna, elements among the said antenna ele«
merits being reversely connected to said wave

guide, means for rotating all but one of said an- ;

tenna elements at proportional but different rates
-of -rotation such’ that for all positions of such
means said antenna elements will -be orientea
“either so as to radiate energy from said wave
guide in phase or so as to radlate energy with a
progressive -constant -¢change of phase betweéen
: successive ‘antenna elements. )

15. An antenna system having g variable di-
rectional characteristic including a substantially

straight wave guide, a plurality of antenna ele-

ments electrically connected to said wave guide
and physically mounted thereon and adapted to
radiate: circularly polarlzed waves when excited
by said wave guide; said antenna elements being

spaced at intervals of less than the- free-space'

“wave length of - oscillation for ‘which the said
antenna system is. adapted, alternately -located
antenna, elemernts: among the said ‘antenns -ele-
ments being reversely ‘connected to said wave
guide, means for providing retatisn of each said
antenna elements: relative .to-each ‘of the-other
said antenna elements, means for providing rela-
tive rotation such -that for:all positions ef-such

means said antenna elemeiits will: be-orientéd so
as to radiate energy from said wave guide With a-

[+3

10

32
substantially constant difference in their respec-
tive phases, which difference may be zero, said
phase difference being progressive longitudinally
of the:array of said elements.

. 16. An -antenns system with a var1ab1e di-
rectlonal characteristic including a plurality of
uniformly spaced antenna elements, a straight,
hollow wave guide arranged to transfer elec-
trical oscillatory energy to and from said an-
tennsa elements, means associated with said wave
guide for producing a progressive change of
phase in radiation from said antenna elements
when said antenna elements are energized from
a common source, means for varying the degree
of said-progressive change of phase, a wave guide
transposition switch adapted to connect the
members of one pair of wave guides respectively

to the members of another pair of wave guides

alternately in direct or reversed relationship, an
absorber apparatus, two connecting wave guides
connected respectively to each end of said straight
wave guide -and’ also- connected respectively to
said switch as one of said pairs of wave guides, a
wave guide connection to said absorber apparatus
and a wave guide connection to transmitting and
receiving: ‘apparatus. both connected to said
switch as the other of said pairs of wave guides.

17. An antenna system with a variable di-
rectional characteristic including a plurality of
uniformly. spaced antenna elements, a substan-
tially straight, hollow wave guide arranged to
transfer eleetrical oscillatory energy to and from

.- said “antenha elements, means disposed within
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said wave.guide arranged to produce a progres-
sive .change of phase in radiation from said an-
texring elements when said antenna elements are
energized from a common source, means for
varying the degree of said progressive change of
phase, a wave guide transposition switch- ar-
ranged to connect the members of one pair of
wave guides respectively to the members of an-
other pair of wave guides alternately in direct or
reverse relationship, two connecting wave guides
cohnected respectively ‘to each end of said

‘straight -wave guide and also connected Tespec-
~tively to said switch as one of said pairs of wave
-guides, a wave guide. connection to an absorber

apparatus 'and -a wave guide connection fo a

“transmitting and reeeiving apparatus both con-

Hiected to said switch as the other of said pairs

~of wavei'guides, means arranged to provide re-
-peated:-operation of said switch in coordination

with'the operdtion of said means adapted to pro-
dugce & progressive change of phdse, and means
'operatxvely ‘coupled with last-mentioned means
and with said means for operating said switch for
providing information to the receiving. portion of
said transmitting and receiving apparatus for the
purpose of providing indication of the orientation
of the sensitivity maximum of the said variable
directional- characteristic. when .a signal is re-
ceived through said antenna system.:

18. An antenna system with a variable direc-

- tional eharacteristic including a row of uniformly

65

spaced - dipoles separated by not more than the
free-space wave length -of oscillations for which

“tHe 'said ‘system is adapted, a straight, hollow
‘wave guide drranged ‘to transfer electric oscilla-
- tory energy to and from said dipoles, each of said
70
to said wave guide in-electrical energy-transfer-

dipoles -having -means- for coupling -said dipoles

Ting relation, said means-all having substantially

- ‘the'same eledtrical length but providing reversed

_-connections and consequent phase-inversion for
75

alternately located- dipoles, means within said
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guide for varying in the same proportion the
electrical length of the respective portions of said
wave guides lying between said dipole-coupling
means, a wave guide. transposition switch ar-
ranged to connect the members of one pair of
wave guides respectively to the members of an-
other pair of wave guides alternately.in direct.or
reversed relationship, an absorber apparatus, two
connecting wave guides connected respectively to
each end of said.straight wave guide and also
connected  respectively to said switch as.one of
said pairs of wave guides, a 'wave guide connec-
tion to said absorber apparatus and wave guide
connection to.a transmitting and receiving ap-
baratus, both being connected to said switch as
the other of'said pairs of wave guides, and means
for coordinating the.operation of said switch with
said means.for varying the electrical length of
portions of said straight wave guide. - . .

19. An antenna system with a variable direc-
tional characteristic including a plurality 'of uni-
formly spaced antenna elements, successive an-
tenna elements being separated by not more than
the free-space: wave. length of waves in. connec-
tion with which said system is adapted to oper-
ate, a substantially straight, hollow, rectangular
wave ‘guide: in energy~transferring relationship
with said antenna ‘elements; means for varying
the electrical length of said wave guide including
means adapted to- vary the broader cross-sec-
tional dimension of said wave guide, said wave
guide and said means being constituted by struc-
tures relatively laterally shiftable and equipped
with grooves dimensioned to function as- choke
resonators for the preservation of substantial ef-
fective .electrical continuity of the walls of said
wave guide at radio frequencies of operation in
spite of the construction of said wave guide in
laterally. shiftable portions, and medns providing
for a 180° phase shift of radiation from alternate

antenna elements in addition to such phass shift -

as arises from lateral shifting of said structures.
20. An antenna system with a variable direc-
tional characteristic including a row of uniformly
spaced dipoles separated by-not more than the
free-space wave length -of oscillations for which
the  said system..is adapted, a substantially
straight, rectangular, hollow wave guide, means
coupling each of said dipoles with said wave guide
in electrical energy-transferring relation; _said
means all having substantially the same electri-
cal length but providing - reversed connections
and consequent ‘phase-inversion for alternately
located dipoles, and-means for substantially uni-
formly varying the width of said wave guide with~
in the dimensional range-suitable for transmis~
sion of energy therein in only the TE: mode,
said means and said wave guide being constituted
by at least two relatively laterally shiftable struc-
tures provided with longitudinal modifieations of
their surfaces to form choke resonators for pre-
serving substantial ‘effective continuity at radio
frequencies of operation for the walls of said wave
guide ‘in spite of the construction thereof in the
form of laterally shiftable structures. -
21. An antenna system with g variable direc-
tional characteristic including a plurality of uni-

formly spaced antenng elements, successive an-.

tenna elements being separated by not more than
the free-space wave lengths of waves in connec-
tion with which said system is adapted to oper-
ate, a straight hollow, rectangular wave guide in
energy-~transferring .relationship  with said -an-
tenna elements, means for providing a 180° phase
shift“iﬁ:radia;tiOn from alternate antenna ele-
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ments in addition to such phase shift as arises
from said wave guide, means for varying the
width of said wave guide within the dimensional
range suitable. for exclusive transmission of the
TEp,1 mode of oscillation, said wave guide and
said means being constituted by two structures
laterally shiftable rélative to each other, said
means for varying the width of said wave guide
including a driving. linkage adapted to vary the
width of said wave guide relatively slowly towards
the narrow end of.the range of variation of said
wave guide width and relatively rapidly towards
the wide end of said range of variation. : ’
. 22, Apparatus-in accordance with claim 21 in
which said driving linkage includes.a plurality of
toggles distributed along the Jlength of said
straight wave guide. . L i

23. In radio location equipment, an’ antenna
system with a variable directional characteristic
including a plurality of uniformly - spaced an-
tenna elements, successive. antenna elements be-
ing ‘separated by not more than the free-space
wave length of waves in connection with which
said system. is' adapted to operate, a substantially
straight wave guide in energy~transferring rela-~
tionship with said antenna elements, means pro-
viding for & 180° phase shift of radiation from
alternate antenna elements in addition to such
bhase shift as arises from said wave guide, and
including also means for varying in the same
proportion the electrical length of the respective
portions of said wave guide lying between said
antenna elements, means cooperating ‘with said
antenna system responsive to energy internally
reflected in said antenna system during the time
said antenna system is. radiating, which means
is adapted to detect said energy and to provide a
signal indicating intensity of said energy, and
means including a cathode ray tube for display-
ing. the variation of the intensity of said energy
in accordance with the .operation.of the. said
means for .varying the electrical length in said
wave guide and thereby. to.provide information
concerning the directional radiation pattern of
said antenna system, e
- 24, In radio location-equipment, an antenna
system with a variable directional characteristic
including a plurality of uniformly spaced dipoles,
successive dipoles .being separated by not more
than the free-space wave length of waves in
connection with which said system is adapted to
operate, a substantially -straight, ‘hollow wave
guide in energy-transferring relationship with
said dipoles, means providing for'180° Phase shift
of radiation from altérnate dipoles in’addition to
such phase shift as.arises from said wave guide,
means for varying.in the same proportion the
electrical length of the respective portions of said
wave guide lying between said dipoles, and means
including a plurality of pick-up devices associ-
ated with said wave guide and- distributed along
its length for comparing the bhase of waves in
said wave guides at the respective locations of
said pick-up devices, said last-mentioned means
being arranged to produce & plurality of markers
corresponding to predetermined electrical lengths
of said wave guide, and presenting. said markers
upon a-cathode ray tube indicator to provide
information eoncerning the direction of the radi-
ation pattern of said system. - :
- 25.-An antenna system including 'a straight
rectangular ‘hollow wave guide, a plurality of
uniformly -spaced branch transmission means of
substantially equal:electrical length mounted on
- sald wave guide and electrically coupled to the
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interior of said wave guide; a plurality of antenna
elements respectively mounted on said transmis-
siolr means, successive elements. being separated
by not more than the free-space wave.length of
waves in connection with which said antenna
system is adapted to operate, said antenna ele-
nients being dipoles .oriented. parallel to each
other and mounted on said transmission means
at a distance. from: a. wall of said wave guide
equal to a small odd number of quarter-wave
lengths, said anténna elements and said. trans-
mission means being so arranged as to-provide an
additional .180° phase shift of radiation from
alternate antenna. elements in addition fo such
phase shift as arises from said wave guide, and
a reflecting surface mounted on said wall of said
wave guide for concentrating the radiation from
said antenna. systern. with. respect to: directions
lying in a plane normal. fo the axis of said
antenna. system..

26. An antenna.system having a. vanable direc-
tional characteristic including & section of hol-
low rectangular wave guide; & plurality of
antenna elements. mounted on a.broad wall of
said guide and constructed to.radiate ecircularly
polarized waves when excited by said wave guide,
alternately located antenna elements being re-
versely electrically. connected to said wave guide,
and means for rotating said antenna elements
at proportional but different.rates of rotation to
vary the phase of radiation between successive
elements in a predetermined manner. :

27..An antenna system having e.variable direc-
tional characteristic including a.section of hollow
rectangular wave guide, a plurality of antenna
elements electrieally coupled to.said wave guide
and adapted to radiate circularly polarized waves
when excited by said wave guide, means. for pro-
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viding relative rotation of said antenna. elements

such that for all positions of said means said
elements will be oriented so as to radiate energy
from said wave guide with a substantially con-
stant difference in their respective phases, said

phase difference being progressive: longitudinally

of the array of said elements.

28. An antenna system with a. variable direc~
tivity characteristic including. a straight, hollow,
rectangular wave guide having means for vary-
ing the broad cross-sectional dimension thereof,
said means including a slidable plunger forming
one wall of said wave guide, said plunger being
provided with clearances and grooves adapted to
provide low radio frequency impedance across
the corners of the wave guide, the position of
which is defined by the position. of said plunger,
a series of tubular structures projecting out-
wardly on one of the walls of said wave guide,
dipoles mounted on each of said structures for
energy transfer between said dipoles and said
wave guide, said structures each having a central
conductor cooperating therewith for electrical
coupling between said dipoles. and said wave
guide, said structures being distributed along the
length of said wave guide with & spacing befween
centers less than the free-space wave length of
oscillations for which said system is adapted, and
means for actuating said plunger for cyclically
varying the electrical length of said wave guide.

29. An antennsa system with a variable direc-
tivity characteristic including a straight, hollow,
rectangular wave guide having means. for vary-
ing the broad cross-sectional dimension thereof,
said means including a slidable plunger forming
one wall of said wave guide, said plunger being
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provided with clearances and grooves adapted to 75
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provide low radio frequency impedance actfoss the
corners. of the wave guide, the position of which
is defined: by .the position of said: plunger, a: Tow
of uniformly spaced. dipoles. separated by not
more than the free-space wave length of oscilla-
tions for which said system. is. adapted, means
coupling each. of said dipoles in electrical, energy-
transferring relation. with said wave guide, said
coupling means providing reversed connections
and consequent phase inversion for alternately
located “dipoles, and means. for: actuating: said
plunger for: eyclically varying the -electrical
length. of said wave guide. .

30. An antenna system with: a variable direc-
tivity characteristic. including a straight, hollow,
rectangular, wave guide Having means for varying
the broad eross=sectional dimension thereof, said
means including a.slidable plunger forming onhe
wall of said wave guide, said plunger being pro-
vided with clearances and grooves adapted to
provide low radio  frequency impedance across
the corners of the wave guide, the position of
which is defined by the position of said plunger,
a row of uniformly spaced.dipoles: separated by
not. more- than -the free-space wave length of
oscillations: for which said: system is- adapted,
means coupling. each of said-dipoles.in energy-
transferring relation with said wave. guide, said
coupling means providing reversed connections
and consequent phase inversion for: alternately
located dipoles; and means for actuating said
plunger including o plurality of toggle links piv-
otally secured to said plunger, a commeon driving
rod arranged to- drive said toggle links, and an
eccentric drive associated with said driving rod
for imparting a reciprocating motion thereto.

31. An antenna system comprising, in com-
bination; a section of hollow, rectangular wave
guide, a row: of dipoles mounted on. said wave
guide and electrically eoupled to said wave guide

.by connecting means, the connections of which

are reversed between alternate dipoles of said
row; the centers- of said dipoles being spaced by
less than the free-space wave length of oscilla-
tions for which said-antenna system is adapted,
means for varying the electrical length of said

~wayve guide, and a reflector having the shape of a

portion of a parabolic cylinder-coextensive with
said section of wave guide and located with its
focal axis parallel to the axis of said wave guide
and lying between: said wave guide and said row
of dipoles, said reflector-being-further oriented
so that the maximum radiation of said dipoles in
a plane.perpendicular to the axis of said wave
guide is directed approximately toward tiie cen-
tral part of the intersection- of such plane with
said reflector.

32.An antenna system compnsmg. in conur-
bination, a section of hollow, rectangular wave
guide, a row of dipoles mounted on said wave
guide in energy-transferring relation: therewith,
alternate dipoles being reversely connected to
said wave guide; the centers of said ‘dipoles being
spaced by less than the. free-space: wave length
of oscillations for which. said antenna systém is
adapted, means for varying the electrical length
of said wave guide, and: a: stationary. refiector
having the shape of a portion 'of ‘a parabolic
cylinder located with. its. focal: axis parallel to
the axis of said wave gmde and lying- between
said:-wave guide and said row of: dlpoles

33. An antenna system: eomprising, a section
of hollow, rectangular wave guide, a4 Tow of uni-
formly spaced dipeles separated by not more than
the free-space wave length ‘of oscillations for
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which said system is sdapted mounted on a wall
of said wave guide, means coupling each of: said
dipoles in electrical energy-transferring relation
with:said: wave guide, said means providing re-
versed connections and consequent phase inver-
sion. for alternately located  dipoles, and. means
for varying the electrical length of said wave
guide comprising tongues of dielectric material
protruding through centrally located, longitudi-
nal slots in:a wall of said wave guide together
with = means - for - simultaneously - reciprocably
moving said tongues of dielectric material in said
slots. : s

34. An’ antenna. system comprising, a section
of hollow, rectangular wave guide, a row of uni-
formly spaced dipoles separated by not more than
the, free-space wave length of oscillations for
which said system is adapted mounted on one
broad wall of said wave guide, means: coupling
each of said dipoles to said wave guide in energy-
transferring relationship, and means for varying
the electrical length of said wave guide compris-
ing -tongues  of . dieleéctric material protruding
through longitudinal slots in the other broad wall
of said wave guide and spaced between said
dipoles together with means for simultaneously
reciprocally ‘moving said tongues of dielectric
material in said slots. R . :

35. An antenna system comprising, a section
of hollow, rectangular wave guide, a row of
dipoles . uniformly spaced longitudinally on a
broad wall of said wave guide, and means for
varying the electrical length of said wave guide
comprising tongues of dielectric material pro-
truding through longitudinal slots in the other
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of wave guide to said wave guide reversing switch,
said switch also connecting said wave guides to
an energy absorber and to a wave guide coupled
with radio apparatus and being adapted to con-
nect said apparatus alternately to either of said
additional wave guides and simultaneously to
connect said absorber to the other of said addi-
tional wave guides, and means for operating said
reversing switch intermittently to provide for
operation of said electrical length-varying means
while the said reversing switch is in each of its
positions. o :

39. An antenna system including a section of
hollow, rectangular wave guide having a plural-
ity of slots in a narrow wall thereof uniformly
spaced longitudinally of said section, said slots.
being spaced between centers by less than the
free-space wave length of energy for which said
system is adapted, and plates of dielectric mate-
rial secured to said narrow wall and covering
alternate ones of said slots, said dielectric mate-

_ rial having a high dielectric constant and said

25

30

35

broad wall of said wave guide together ‘with

means for  simultaneously reciprocally moving

said tongues of dielectric material in said-slots.

-.36. An. antenna with a variable directivity
characteristic -comprisitig, a substantially rec-
tangular wave guide of variable width formed of
two laterally: shiftable portions, said portions
each including plate and flange structures, said
flange structures being shaped to include a cor-
ner -of the said wave. guide and being further
provided with a. groove adapted to cooperate
with clearance between the said portions to pro-
duce a relatively low impedance between the said
portions at the wave guide boundary, a row of
antenna elements mounted on one of said plates
and electrically coupled to said wave guide, and
means for actuating said laterally shiftable por-
tions of said wave guide to vary the width of said
wave guide. S :
37. An antenna with a variable directivity
characteristic comprising a rectangular wave
guide formed of two laterally shiftable portions,
sald portions each including a plate and flange
structure, said flange structures being formed to
provide a relatively low impedance between said
portions at the wave guide boundary, a row of
antenna elements mounted on one of said plates
and electrically coupled to said wave guide, and
means for varying the electrical length of said
wave guide comprising means for actuating said
laterally shiftable portions to vary the width of
said wave guide. : -
38. An antenna system with a variable direc-
tional characteristic including a first section of
hollow, rectangular wave guide, a row of dipoles
mounted on -said  wave guide- and electrically
coupled thereto, means for varying the electrical
length of said section of wave guide, a wave guide
reversing  switch, -additional rectangular ‘wave
guides. connecting the ‘ends of said first section
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plates having a thickness adapted to produce
approximately 180° phase shift of said energy
with respect to the phase which said oscillations
would have in the absence of said plates.

40. An antenna system comprising, in com-
bination, a section of hollow, rectangular wave
guide, a plurality of antenna elements mounted
on a broad wall of said guide and constructed
to radiate circularly polarized waves when ex-
cited by said wave guide, means for rotating
said antenna elements at proportional but differ-
ent rates of rotation to vary the phase of radia-
tion between successive elements in a predeter-
mined manner, and a compound reflector having
the shape of a portion of a parabolic cylinder
located with its focal axis oriented parallel to
the axis of said wave guide, said reflector com-
prising "a . back surface of metallic material
adapted to reflect waves polarized such that the
electric vector lies in a plane perpendicular to
the axis of said wave guide, an intermediate layer
of dielectric material having an electrical thick-
ness of substantially one-eighth wave length and
a front surface consisting of parallel conductors
parallel to the axis of said wave guide and
adapted. to reflect waves polarized such that the
electric vector lies substantially in a plane pass-
ing through the axis of said wave guide.

41. An antenna system eomprising, in com-
bination, a section of hollow, rectangular wave
guide, a plurality of antenna elements electrically
coupled to said wave guide and adapted to radi-
ate circularly polarized waves when excited by
said wave guide, means for providing relative
rotation of said antenna elements such that for
all positions of said means said elements will be
oriented so as to radiate energy from said wave
guide with a substantially constant difference in
their respective phases, said phase difference
being progressive longitudinally of the array of
said elements, and a compound reflector having
the shape of a portion of a parabolic cylinder
located with its focal axis oriented parallel to
the axis of said wave guide, said reflector being
constructed to introduce a 90° phase shift of ver-
tically polarized waves relative to the phase of
horizontally polarized waves to produce a result-
ant radiation having plane polarization.

42. An ‘antenna system comprising, in com-
bination, a section of hollow, rectangular wave
guide, a plurality of antenna elements electri-
cally coupled to said wave guide and adapted to
radiate circularly polarized waves when excited
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by said wave guide, means for providing relative
rotation of said antenna elements such that for
all pesitions of said means said elements will be
oriented so as to radiate energy: from said wave
guide with-a substantially constant difference in
their respective phases, said phase difference
being progressive longitudinally of the array of
said elements, and-a compound reflector having
the shape of a portion of a parabolic cylinder
located with its focal axis oriented parallel to the
axis of said wave ‘guide and arranged o be
{lluminated by radiation from said antenna ele-
ments, said reflector ‘comprising a back -surface
of metallic: - material, an intermediate layer of
dielectric material having an electrical thickness
of substantially one-eighth wave length at the
frequency of operation and.a front surface con-
sisting of parallel.conductors oriented parallel
to the axis of said wave guide.

43. An antenna system cpmpriSing, in cora~
bination, & section of hollow, rectangular wave
guide, a plurality of .antenna elements electri-
cally coupled. to said wave guide and adapted to
radiate ecircularly polarized waves when excited
by said wave suide, means for providing relative
rotation of said antenna elements such that for
all positions .of said means said elements will be
oriented s0 as to radiate energy from said wave
guide with a substantially constant difference in
their respective phases, said phase difference
being progressive Jlongitudinally of the array of
said elements, and a compound reflector having
the shape of a portion of a parabolic cylinder
located with its .focal axis oriented parallel to

the axis of said wave :guide :and between said :

wave guide and ‘said ‘antenna elements, said
reflector comprising. & back surface of metallic
material adapted to reflect waves polarized to
have electric vectors perpendicular to the axis of
said wave guide, .an intermediate layer of dielec-
tric material having an electrical ‘thickness of
substantially cne-eighth wave length at the fre-
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quency of .operation, and a front surface con- -

sisting of a plurality -of parallel conductors par-
allel to the axis of said wave guide adapted to
reflect waves polarized: to have electric vectors
which lie:substantially: parallel to the axis of said
wave guide. - - -

44, An antenna system comprising, in com-
bination, a plurality of uniformly spaced dipoles
spaced apart by not more than the free-space
wave length of waves.at the frequency of opera-
tion, a section of rectangular wave guide in en-
ergy-transferring relationship with ‘said dipoles,
means providing for a 180° phase shift of radia-
tion from - alternate dipoles in addition to such
shifts as arise from said wave guide, means for
varying - in- the same proportion the electrical
length of the respective portions of said wave
guide lying between said dipoles, and means for
continuously measuring the electrical length .of
said wave guide including means for comparing
the phase of waves in said guide at at least two
longitudinally spaced locations in said wave
guide, a counting device adapted to register the
number of complete ‘cycles of phase change de-
tected by said phase-comparing ‘means, and a
reversing means ‘associated with said counting
device and said means for varying the electrical
length of 'said wave guide arranged to determine
whether said counting device is adapted to add
or to subtract in accordance with whether the
electrical length .is being lengthened or being
shortened. - o

45, ‘An antenna system comprising, in com-
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bination, a section of straight, hollow, rectangular
wave guide, a plurality of uniformly spaced di-
poles mounted on a. wall of said wave guide and
electrically coupled thereto, means for varying
the electrical length of said wave guide, and
means for continuously measuring the electrical
length of said wave guide including means for
comparison of the phase of waves in said wave
guide at at. least two longitudinally spaced loca-
tions in said wave guide, a counting device
adapted to register the number of complete cycles
of phase change detected by said phase-com-
paring means, and reversing means associated
with said counting device and with said means
for varying the electrical length of said wave
guide adapted to determine whether said count-
ing device is adapted to add or to subtract, in
accordarice with whether the electrical length of
said guide is respectively being lengthened or
being shortened.

46. An antenna system with a variable, direc-
tional characteristic comprising, a section of hol-
low, rectangular wave guide, a plurality of uni-
formly spaced dipoles mounted on a wall of said
guide and electrically coupled thereto, means for
varying the electrical length of said wave guide,
means coupled to said wave guide for detecting
energy internally reflected in said wave guide
and providing a signal indicative of the intensity
of said energy, and means including a cathode
ray tube for displaying the variation of the said
energy in accordance with the operation of said
means for varying the electrical length of said
wave guide thereby to praovide information con-
cerning the direction of the radiation pattern of
said antenna system.

47. An antenna system with a variable direc-
tional characteristic including a straight rectan-~
gular hollow wave guide having means for vary-
ing the broad cross-sectional dimension thereof,
said means including a slidable plunger forming
one wall of said wave guide, said plunger being
provided with clearances and grooves adapted to
provide low radio frequency impedance across the
corners of the wave guide, the position of which
is defined by the position of the said plunger,
a series of tubular structures projecting out-
wardly on one of the walls of said wave guide,
dipoles mounted on each of said structures in a
manner providing for energy transfer between
said dipoles-and said wave guide, said structures
each having a central conductor cooperating
therewith for electrical coupling between said
dipoles and said wave guide, said structures being
distributed along the length of said wave guide
with-a spacing between centers less than the free
space wave length of oscillations for which the
said system is-adapted, and means for actuating
said plunger for varying the electrical length of
said wave guide.

48. An antenna system with a variable direc~
tional characteristic including a straight rectan-
gular hollow wave guide having means for vary-
ing the broad cross-sectional dimension thereof,
said means including g slidable plunger forming
one wall of said wave guide, a series of tubular
structures projecting outwardly on one of the
walls of said wave guide, dipoles mounted on each
of said structures in a manner providing .for
energy transfer between said dipoles and said
wave:guide, said structures each having a central
conductor cooperating therewith for electrical
coupling between said -dipoles and said wave
guide, said structures being distributed along the
length -of said wave guide with a spacing between
centers less than the free space wave length of
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oscillations for which the said system is adapted,
and means for actuating said plunger for vary-
ing the electrical length of said wave guide, which
actuating means include a plurality of toggle
links, a common driving rod, and an eccentric
drive associated with said driving rod for im-
parting a reciprocating motion thereto.

LUIS W. ALVAREZ.
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