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This invention relates to antennas which utilize lobing
operation, and particularly to planar antennas for lobing
with linearly polarized microwave energy.

A number of applications exist in which antennas are
utilized to provide directional as well as distance infor-
mation from wave energy upon which they operate. In
contrast to conventional single horn and reflector an-
tenna combinations, these antennas point along a given
axis and derive error information as to the variation in
azimuth and elevation from the given axis. To do this
they may, for example, use the amplitude difference en-
ergy received at two or more different lobe positions from
off-axis objects. These antennas may be referred to =as
lobing antennas because they utilize actual or synthesized
lobing patterns to derive pointing error information.

Lobing antennas can operate with directed lobes dur-
ing transmission and reception, or by utilizing a single
beam transmitted along the axis and by deriving the di-
rectional information on receiving the energy. This latter
type of lobing is usually referred to as monopulse or
silent lobing operation.

The systems heretofore available for lobing operation
have usually required a number of features which are not
always practical or convenient to utilize in combina-
tion. Thus one commonly employed system utilizes a
parabolic reflector, with four different source points close
to the focus point of the reflector. For monopulse opera-
tion, this antenna utilizes the energy received at the four
different transducer points, combining this energy in a
waveguide coupling and mixing system which provides
the desired error signals. Such a system requires first
an extensive amount of microwave circuitry, and sec-
ondly requires a large and complicated antenna feed ar-
rangement which causes aperture blocking. Other mono-
pulse antennas employ rectangular waveguides coupled
together with a phasing or switching system by which
pointing error information can be derived. The radiating
waveguide arrangements, however, tend to be heavy and
difficult to manufacture,

With the systems heretofore available it has been diffi-
cult to combine the antenna system with the feed system
in a simple and lightweight arrangement. The problems
of providing a gimbaled support for a dish type an-
tenna are well known. Similarly, the inconvenjence and
unsuitability of protruding feeds for many installations
will be recognized by those familiar with the art. Par-
ticularly has it been difficult to provide an arrangement
suitable for mobile applications which can at the same
time be flush mounted with a streamlined surface and
which has desirable radiation characteristics. * It is de-
sirable for many applications, for example, to provide
linearly polarized beams of circular cross section having
low side lobes. When these requirements are added to
the useful constructional features mentioned above, some
compromises have heretofore had to be made.

It is therefore an object of this invention to provide
an improved lobing antenna which is simpler to con-
struct and operate than the antennas heretofore available.

Another object of this invention is to provide an im-
proved lobing antenna of small size and relatively simple
construction which operates to provide a linearly polar-
ized beam.
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Yet another object of this invention is to provide an
imiproved monopulse antenna which can provide point-
ing error information with an extremely simple wave
energy feed structure.

A further object of this invention is to provide an im-
proved form of lobing antenna, which is small in size,
light in weight and which can be flush mounted with a
planar surface.

These and other objects of this invention are achieved
by an arrangement in accordance with the invention
which utilizes an apertured radial waveguide which is
divided into like angular segments. The radiating aper-
tures are included in one planar surface of the radial
waveguide and the radial waveguide is internally divided,
as into quadrants, by radial conductive septa. The di-
mensions and mode of operation of the radial waveguide
are selected such that partial modes may be established:
within each of the quadrants. The conductive septa per-
mit confrol of the instantaneous directions of the cur-.
rents induced in the surface which contains the radiating
apertures. With this arrangement, the excitations of the
radiating apertures in the quadrants may be individually
paired and also combined by quadrants to provide sum
signals or azimuth or elevation error signals which utilize
linearly polarized radiation patterns. .

In one form of the invention the radial waveguide may
be used to establish a magnetic field mode, such as the
Hy; mode. With this arrangement the radiating aper-
tures are arranged in concentric circles about the central
axis of the radial waveguide. The apertures within each
of the quadrants have like inclinations with respect to the
concentric circle on which they e, The attitudes of the
radiating apertures vary between quadrants, however, so
that opposed pairs of oppositely inclined apertures exist
in adjacent quadrants. By controlling the direction of the
current excitation in adjacent quadrants through the use
of the conductive septa, the quadrants may be matched
together in selected pairs to provide a single lobe along
the axis, or azimuth lobing or elevation lobing. This
arrangement is such that cross polarization components
in the principal lobe are canceled by the matching of the
opposed pairs of apertures.

The novel features of this invention, as well as the
invention itself, both as to its organization and method
of operation, may best be understood when considered
in the light of the following description, taken in con-
nection with the accompanying drawings, in which like
reference numerals refer to like parts, and in which:

FIG. 1 is a perspective view, partially broken away,
of a lobing antenna and feed system in accordance with
the present invention;

FIG. 2 is a sectional plan view of the arrangement of
FIG. 1;

FIG. 3 is a side sectional view of the arrangement of
FIG. 1, taken along the line 3—3 in FIG. 2 and looking
in the direction of the arrows;

FIG. 4 is a simplified plan view of the arrangement of
FIG. 1, showing the vectorial components of radiation
therein for different operation modes;

FIG. 5 is a simplified representation of the total vec-,
torial components in the selected plane of polarization

_ for different modes of operation, and
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FIG. 6 is a fragmentary perspective view of an arrange-
ment like that of FIG. 1, showing a different method of
energy coupling.

Antennas and antenna systems in accordance with
the present invention are intended to provide lobing
operation. It is specifically intended that these antennas
lobe along a given axis as well as providing off-axis lobes
from which azimuth and elevation deviations can be de-
rived. The lobing can be accomplished by generating

pairs of lobes during the transmit operation, or by opera-
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ting to provide directional information from energy. Thus
when lobing on transmit, the transmitted pattern may be
directed in the single lobe along the given axis, or may
be divided into scparate lobes on either side of an
azimuthal plane or an elevation plane.

Lobing on receive is often referred to as “silent” lobing
because the directional information is derived from the
amplitude and phase relationships of the received energy,
and because the transmitted lobe is kept uniform along
the central axis. Such an arrangement provides a full
amplitude transmitted signal but reveals liitle infoermation
to the object being tracked. Previous methods of lobing
on receive have usually required, as stated above, the use
of separate radiators to provide the separate signals from
which phase relationships and thus error information are
derived. Because of the reciprocal characteristices of
antennas the fundamental nature of the antenna trams-
ducer remains the same whether the lobing is done on
transmit or receive. It is intended by the present inven-
tion to provide a new family of lobing antennas which
can Iobe on tfansmit or receive to provide a pencil beam
which is linearly polarized.

An arrangément in accordance with the invention, re-
ferring now to FIGS. 1, 2 and 3, utilizes principally a
radial wavegnide 18. A radial waveguide, as is well
known in the art, employs a pair of parallel conductive
plates which provide a radial distribution of energy out-
wardly from the center of the waveguide. For conven-
ience, the radial waveguide 19 illustrated herein may be
said to use a conductive circular top plate 12 and bottom
plate 14 which are centrally disposed about and normal
to the antenna axis. The terms “top” and “bottom” are
of course relative, but are useful in visualizing the em-
ployment of the antenna with its top plate 12 flush with
an associated vehicle surface, such as an aircraft body or
wing section (not shown).

The top and bottom plates 12 and 14 respectively of
the radial waveguide 1$ may, in the arrangement of
FIG. 1, be separated by at least one half a working wave-
length at the operating frequency employed, so as to
support the Hy mode of the radial waveguide. In
this mode, electric field vectors are concentrically disposed
about the given axis within the radial waveguide 16. The
outer periphery of the radial waveguide 16 may terminate
in a circumferential band 16, on the inner portion of
which band 16 may be deposited or otherwise affixed a
resistive termination layer 17. The presence of the re-
sistive termination 17 in the outer periphery of the radial
waveguide 10 results in the establishment of traveling
waves within the radial waveguide 16. The device could
likewise be operated with standing waves through the
employment of a conductive short circuit termination at
the circumferential band 16. In this case the center of
the radiating slots employed should be at one quarter
wavelength, or any odd multiple thereof, from the short-
circuit termination. FEither manner of operation results
in like current distributions on the surface of the plates
12 and 14 of the radial waveguide 16.

The excitation of the plates 12 and 14 of the radial
waveguide 10 with given current distributions permits the
use of the radial waveguide 10 as a radiant energy trans-
ducer, or antenna. The coupling of energy between free
space and a confined mode is in the present instance
accomp'ished by the use of radiating slots 20, the arrange-
ment and disposition of which is more fully described be-
low. The radiating slots 28 are, however, disposed in
the top plate 12 of the radial waveguide 1¢ in at least one
annular configuration around and concentric with the
antenpa axis. In the arrangement of FIG. 1, two rings
of slots 20 are employed, these slots 20 constituting the
effective aperture of the antenna. It will be recognized
that each annular arrangement of slots contributes to the
total radiation pattern, and that the use of additional con-
centric annular dispositions of slots assists in achieving
beam collimation and the reduction of side lobes.
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The radial waveguide 10 is internally divided iato quad-
rants by four conductive septa 22, 23, 24 and 25 or plates
extending radially outward from the antenna axis to the
outer circumferential band 16, Each of these septa 22—
25 is in contact with both the top and bottom plates 12 and
14 of the radial waveguide 16. The septa 22—25 will be
spoken of as individual elements, for convenience, but
it is understood that they can be made as a unitary mem-
ber and may consist of individual elements or pairs of
clements. One pair 22 and 24 of the cepta are dis-
posed along what may be taken for reference purposes
as the elevation axis of the antenna, the other pair 23
and 25 of the septa therefore being disposed along the
azimuth axis. Consequently, the antenna may be con-
sidered to have an azimuthal plane and an elevation
plane, which are parallel to the antenna axis and which
are normal to each other.

The bottom plate 14 of the radial waveguide 10 has a
central aperture about the antenna axis, the sides of the
aperture registering with a cirenlar waveguide 28 which
is concentric with the given axis, The circular wave-
guide 28 is dimensioned to support the TBy mode of a
circular waveguide. The circular waveguide 28, like the
radial waveguide 18, is partitioned into quadrants by
portions of the septa 22—25 which extend into and along
are normal to each other.

Wave energy is coupled between the circular wave-
guide 28 and an associated monopulse system 36 by
coupling slots 29—32 in each one of the quadrants of the
waveguide 28. FEach of the coupling slots 29—32 has
its direction of elongation paralle] to the axis of the
circular waveguide 28, so as to couple energy in the TEq
circular waveguide mode. Polarization direction sensi-
tive transmission elements such as rectangular waveguides
34 may be employed in the coupling between the circular
waveguide 28 and the monopulse system 36. The mono-
pulse system 36 is here shown as an illustration of the
type of system which may be employed to operate with
the antenna. Such systems are widely known and it will
be appreciated that the functions which are to be per-
formed within the system 36 remain the same, the rela-
tionship to the antenna being confined to the provision
of the wave energy to be transmitted and the utilization
of the echo energy received.

The antenna of the present invention utilizes the rela-
tionship between the quadrants established by the con-
ductive septa 22—25 and the angle cf inclination and the
relative attitudes of the radiating slots 28 on the radial
waveguide 16. These angles of inclination and relative
aititudes are best seen in the simplified representation of
FIG. 4, to which reference is now made. In FIG. 4,
only one annular arrangement of slots 20 is illustrated.
As shown therein, the energy radiated and received by
the antenna is to be linearly polarized along a preferred
plane parallel to the azimuthal plane. Cross polariza-
tion components, those parallel to the elevation plane,
are to be minimized. Within each of the quadrants, the:
radiating slots 20 (indicated in phantom in FIG. 2)
have a like inclination with respect to the annular circum-
ference or region on which they are disposed. Although.
the angles of inclination of all the slots 26 are the same,
relative to the annular region, the attitude of the slots 20
is dependent upon the quadrant in which the slots are
found. Thus each of the slots 26 within a quadrant has.
both a like angle and attitude, relative to the annular
region in which it is located, but each group of slots 20
in a given quadrant is opposite in attitude with respect
to the group of slots 26 in the adjacent quadrants. As
shown, the angle of each slot 20 with respect to the circle
on which it lies may be 45 degrees, although other in-
clinations might be used.

The disposition of these slots 28 relative to any given
point on the radial waveguide 10 varies both in angle
and in attitude. While it may be considered that the
relative angle also determines the attitude of the slot,
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it is more convenient to speak of the slots as having like
angles but opposite attitudes with respect to the annular
region on which they are disposed. It will be easier to
visualize the slots 2¢ as being disposed in pairs which are
oppositely disposed on the different sides of the azi-
muthal and elevation planes. Another way this may be
stated is to say that, relative to the annulus, the slots 20
have angles of like absolute magnitude but opposite sense.
The opposite attitudes of the opposed ones of each pair
make possible the lobing action in the simple manner
provided by the present invention.

As described above, an antenna system in accordance
with this invention may lobe while transmitting or while
receiving but in general is used only on receiving. It is
intended to provide a pencil beam which is broadside with
the antenna apertures, and which thus lies along the
antenna axis. If lobing on transmission, the antenna
generates individual lobes on opposite sides of elevation
or azimuthal planes. The elevation and azimuthal planes,
illustrated in FIG. 4, are parallel to and include the
antenna axis, and normal to each other. When receiving
signals, the antenna additively combines the components
from all quadrants.

The converse operation applies when the antenna is
operated so as to lobe on reception. The transmitted
pattern in each case is a pencil beam transmitted broad-
side to the antenna and along the antenna axis. On
reception, however, the signals from the quadrants may
be combined selectively in well known fashion so as to
provide signal mixing which is the equivalent of full
signal operation, or azimuthal or elevation lobing.

Thus with either method of operation the monopulse
system 36 operates in substantially the same fashion. For
the detection of range a single lobe is directed along the
antenna axis and all the components of the received
signal are additively combined. The antenna may then
be operated successively to generate the separate azi-
muth and elevation error signals, by lobing either on
transmit or on receive, and by setting up first the rela-
tionships needed for transmission and then by switching
these relationships before the echo is received so that the
error signals are generated on reception.

Control of the antenna is accomplished, in the present
system, by control of the four different inputs provided
through the circular waveguide 28 which feed the radial
waveguide 18. Each of the four coupling slots 29-32 is
excited in a selected phase so as to couple to the TEy
mode of a given instantaneous direction within the cir-
cular waveguide 28. On receive, the signals are ex-
tracted in a. selected phase to give sum, elevation differ-
ence and azimuth difference returns. In summary, then,
the function which the monopulse system 36 performs is
to set up the four modes used for feeding a desired
transmitted signal, and then to switch, before an echo
is received, to the desired reception modes. In typical
monopulse operation, range information would appear at
one terminal pair, and azimuth error and elevation error
information at other terminal pairs.

The arrangement will be considered for operation in
the lobing-while-transmit manner. This manner of oper-
ation permits somewhat easier visualization of the manner
in which the antenna elements are excited. By reciproc-
ity, all results described are obtainable on receive.

‘When it is desired to provide a single pencil beam
along the antenna axis, the coupling slots 29—32 are
excited in like relation through the rectangular wave-
guides 34 from the monopulse circuit network 36. Ac-
cordingly, the TEy mode is established in the circular
waveguide 28, The conductive septa 22—25 do nct dis-
turb this mode and permits clockwise or counterclock-
wise fields simultaneously. The portions of the septa
22—25 within the circular waveguide 28 are everywhere
normal to the electric field lines of the TEy; mode,
whose electric field lines may be considered to be circular
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6
and concentric with the waveguide 28 axis. Instead, the
electric field is uniformly terminated in each quadrant.

The significance of the septa 22—325, therefore, is that
they do not disturb the establishment of the TEy; mode
of the circular waveguide 28, but that they instead sup-
port partial modes which are quadrantally related. Re-
tween associated septa, such as septa 22 and 25, the elec-
tric field may have a selected direction of gradation
which is different from the direction between other
adjacent septa. Accordingly, the partial TEy modes
established within the circular waveguide 28 are coupled
into the radial waveguide 10 and provide therein like
partial Hp; modes. When the radial waveguide 10 is
viewed in plan view, the lines of electric field for the
Hy mode may be considered as concentric circles about
the antenna axis and symmetrical with the lines of the
electric field in the TEy; mode of the circular waveguide.

ccordingly, the same relationship between the electric
field and the septa 22—25 applies, and partial modes also
are established within the radial waveguide 19. There-
fore, the top and bottom plates 12 and 14 of the radial
waveguide 10 have currents induced in them which are
dependent in circumferential direction upon the direc-
tion of the partial mode which is established in the
quadrant being taken for reference.

The Hy; mode in a radial waveguide provides circum-
ferential current regions, which may be thought of as
circumferential current bands in which the currents are
themselves circumferential. In the traveling wave op-
eration of the radial waveguide 16, such as is established
by the use of the resistive termination 17, these bands are
continually expanding to provide sinusoidal excitation of
the elemental areas of the top and bottom plates 12 and
14

The circumferential current regions on the top plate
12 of the radial waveguide 14 thus at any instant lie on
circles concentric with the antenna axis. The current
regions therefore also are concentric with the annular
arrangement of the radiating slots 20. Each radiating
slot 20 is excited in a direction normal to its direction of
elongation, as is well known, and this direction of excita-
tion determines the total vectorial component radiated
from an individual slot 29. Total radiation from the
antenna aperture as a whole, however, is established by
summation of the individual vectorial contributions.
This fact, in conjunction with the relationship of the
radiating slots 29 to the partial modes which are estab-
lished and the direction of currents at the slots, deter-
mines the nature of the lobing operation of the antenna.

For operation in transmitting a single lobe along the
antenna axis, the vectorial radiation component of each
radiating slot 20 in the top plate 12 of the radial wave-
guide 19 should contribute to the energy in the preferred
plane of polarization. If equally excited, the slots 28
would contribute components dependent upon the extent
to which the slot deviates from a line normal to the pre-
ferred plane. This result is accomplished by establish-
ing the desired directions for the current excitations by the
partial modes in the quadrants, as shown in FIG. 4.
FIG. 4 shows the radial waveguide 19 in plan view, with
what will be referred to as upper left, upper right, lower
left and lower right quadrants. The elevation plane lies
along the line between the upper and lower quadrants
and the azimuthal plane divides the left and right quad-
rants. The antenna axis is in the center of the radial
waveguide 10 and extends directly out of the paper. For
lobing to provide range information, the current excita-
tions established by quadrants correspond to the vectorial
components indicated by the solid line arrows. - That
Is, in the upper left hand and lower left hand quadrant
the currents are clockwise, while in the upper right
hand and lower right hand quadrants the currents
are counterclockwise. Because of the direct relation-
ship between the circular waveguide 28 modes and the
radial waveguide 1% modes, these desired current di-
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rections may be established simply by proper use of the
desired instantaneous direction of polarization in each
of the four signals from the monopulse system 36. As
may be seen from FIG. 4, all of the solid line arrows
have 2 like component (in rotational sense) in the pre-
ferred plane of polarization. This like component is es-
tablished by the like inclination of the radiating slots 2&
with respect to the circumference on which they lie.
A further significant feature, however, is found in the
fact that the opposite attitudes of the radiating slots 1%
between adjacent quadrants minimizes the cross polariza-
tion components which are present, the cross polariza-
tion becoming zero on the axis. The radiating slots Z8
are grouped in opposed pairs which have cross polariza-
tion components of opposite direction. Thus, with re-
spect to radiating slots 20 in the upper and lower right
hand quadrants, one may see that each radiating slot 26
in the upper right quadrant which has a cross polariza-~
tion component to the right has a paired opposed radiat-

ing slot 20 in the lower right hand quadrant, and that 2

this slot has an opposing cross polarization component
(to the left).

For ranging information (a single on-axis lobe) the
vectorial contributions in the preferred plane of polariza-
tion are all in the same direction, as shown by the solid
line arrows in FiG. 5A. To operate with elevation lob-
ing, and thus to provide elevation error signals, the cir-
cumferential currents induced in the top plate 12 should
have the direction needed to establish the dotted line
vectorial components shown in FIG. 4. Specifically, the
partial modes used establish clockwise currents in the
upper left hand quadrant and in the Jower right hand
quadrant and establish counterclockwise currents in the
upper right hand and lower left hand quadrants. The
total vectorial components for each quadrant in the pre-
ferred plane of polarization are thus shown diagram-
matically at 5C in FIG. 5. Again, it may be seen in FIG.
4 that the cross polarization components, between the left
and right hand quadrants in this instance, effectively can-
cel in pairs. In the preferred plane of polarization, there
is a null along the elevation plane, so that the desired
two beams spaced oppositely from the elevation plane are
provided.

For lobing about the azimuthal plane, the current ex-
citations are such as to establish the wavy line arrows
representing vectorial components of radiation in FIG. 4.
For this type of operation, the circumferential current
regions are everywhere clockwise, with the result, as
shown in FIG. 5B, that there is a null along the azimuthal
plane in the preferred plane of polarization. Again, com-
paring the upper to the lower quadrants in each half, the
cross polarization components cancel by opposed pairs.
Again, it is emphasized that the description of lobing on
transmit is provided for purposes of visualization, and
that the reciprocal nature of antennas permits like op-
eration on receive.

The value of this arrangement in providing lobing op-
eration will now be apparent. The antenna can be made
extremely small and compart, and requires no compli-
cated machining or structural configuration. The antenna
pattern provided is broadside to the antenna surfaces,
but may be precisely controlled and does not have in-
herent limitations as to gain or side lobe characteristics,
because of the number of annular aperture arrangements
which can be employed. Sum and difference error sig-
nals can be provided very simply by mere selection of
the desired phases and mode of operation at the mono-
pulse network system 36. It will be appreciated that
any system which utilizes lobing operation is required
to provide certain characteristics for the different sig-
nals which are to be provided. The present arrange-
ment, however, eliminates extensive switching and mixing
arrangements required by the prior-art.

An alternative method of establishing the partial modes
in the radial waveguide is illustrated in the fragmentary
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view of FIG. 6. As shown in this figure, the bottom plate
14 of the radial waveguide 19 includes coupling slots
4043 each of which is in a different quadrant. With
the coupling slots 46—43 arranged with their directions
of elongation extending radially from the antenna axis,
these slots 40—43 will likewise couple to the partial Hp
mode of the radial waveguide 16.

1t will be evident to those skilled in the art that the
relationship of the currents induced by the partial modes
and the vectorial components provided by the radiating
slots may be provided in other ways. The radial wave-
guide may be dimensioned to support other magnetic
field modes which provide like circumferential current
regions and which may be divided into partial modes
through the presence of the septa. In general, it may
be considered that this result may be achieved in the
general case with the Hoy mode, wherein # is an integer
of one or more.

Thus there has been described an improved antenna
arrangement which provides lobing operation in a direc-
tion broadside to an antenna surface which may be flush
mounted. The antenna provided is extremely simple to
feed and to operate, and is compact and easily manu-
factured while at the same time having desirable electrical
properties.

I claim:

1. An antenna comprising: a radial waveguide having
radiating slots with selected attitudes and inclinations in
a planar wall thereof, said radiating slots being disposed
concentric with a given axis which extends through and
is substantially normal to the planar walls of the radial
waveguide; conductive means within the radial wave-
guide and dividing it into equal angular segments; and
means coupled to the radial waveguide at the second
planar wall for exciting in each of the angular segments
a like enmergy mode of selected direction, such that the
radiating slots in each segment have selected vectorial

xcitation components, there being a predetermined con-

trollable relation between the instantaneous direction of
the excitations of the radiating slots in the different seg-
ments.

5. An antenna comprising: a waveguide formed by a
pair of parallel spaced plates of conductive material dis-
posed about and normal to a central axis; a plurality of
wave energy transmission devices coupled to the space
between said plates adjacent said azis for feeding elec-
tromagnetic energy into said space; and means within
said space for dividing said space into electrical separate
guadrants for controlling currents induced therein by
quadrants, a separate group of radiators for each of said
guadrants, the radiators in each of said groups being
coupled to the energy in its respective quadrant.

3. An antenna which operates to provide pointing error
information from radiant enmergy transmiited along a
given axis, said antenna comprising: a radial waveguide
having top and bottom conductive plates and lying about
and normal to the given axis, the top plate of the radial
waveguide including radiation apertures lying on at least
one circle concentric with the given axis, the angular
disposition of said apertures separately varying along
the circle in accordance with quadrants of the top plate;
conductive septa extending radially outwardly from the
given axis so as to divide the radial waveguide internally
into the quadrants of the top plate; and wave energy
feed means coupled to said radial waveguide at each of
the quadrants for establishing the Ho; mode therein, said
feed means and said septa together controlling the in-
stantaneous sense of rotation of the currents induced in
the quadrants of the radial waveguide.

4. An antenna comprising: a radial waveguide formed
by a pair of paraliel conductive plates disposed about and
normal to a central axis to form a space therebetween;
a plurality of wave energy transmission devices coupled
to the space formed by said radial waveguide for feeding
electromagnetic energy into said space at a point dis-
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posed symmetrically about said central axis; and means
within said space symmetrically disposed radially out-
wardly from the given axis in a manner corresponding
to the disposition of the wave energy transmission de-
vices, for electrically dividing said space into a plurality
of portions to thereby individually and substantially inde-
pendently control the distribution of said energy in each
portion of the radia] waveguide, a -separate group of
radiators for each of said portions, the radiators in each
of said groups being coupled to the energy in its respec-
tive portion.

5. An antenna comprising: a radial waveguide formed
by a pair of parallel conductive plates disposed about
and normal to a central axis, one of said plates being
spaced from the other plate and having groups of radia-
tion apertures disposed about the axis; means within said
radial waveguide for dividing said waveguide into a
separate segment for each of said groups, each of said
segments being capable of maintaining a like partial mode
of excitation; and means coupled to said radial wave-
guide for providing excitation in the individual segments
of selected direction within each of the segments,

6. A monopulse antenna capable of being flush mounted
with a planar surface and operating with a pattern which
is broad side to the surface, said antenna comprising:
a radial waveguide; a circumferential ring concentric
with a central axis of the radial waveguide and terminat-
ing the radial waveguide; a circular feed waveguide con-
centric with the central axis of the radial waveguide and
coupled thereto; four radial septa, extending radially out-
wardly from the central feed waveguide between the
walls of the radial waveguide to the terminating ring,
to divide the radial waveguide into four substantially like
quadrants, the plate of the radial waveguide which is
spaced apart from the feed waveguide including a plu-
rality of slots having the centers thereof equally spaced
from the central axis of the radial waveguide, the axes
of the slots being inclined to the radius through the
center thereof.

7. An antenna for transmitting a narrow beam along
a given axis and deriving angular error information from
reflected energy, said antenna comprising: a radial wave-
guide having radiating slots in one planar wall disposed
concentric with the given axis; conductive septa within
the radial waveguide and extending radially from the
given axis, to divide the radial waveguide into quadrants,
the angular inclinations of the radiating slots in each
quadrant relative to the concentric circle on which they
lie being of like degree but varying oppositely in attitude
with alternate quadrants; and means coupled to each
of the quadrants of the second planar wall of the radial
waveguide for establishing selective coupling by quad-
rants of the currents excited therein.

8. An antenna for transmitting a narrow pattern along
a given axis and deriving angular error information from
reflected energy, said antenna comprising: a radial wave-
guide having radiating slots in one planar wall, the slots
being disposed on a circle concentric with the given axis
and disposed in groups within separate quadrants, the
angular inclinations of the radiating slots in each quad-
rant relative to the concentric circle on which they lie
being of like absolute degree but varying oppositely in
sense with alternate quadrants; conductive septa within
the radial waveguide and extending radially outward from
the given axis, said conductive septa dividing the radial
waveguide into guadrants corresponding to the separate
groupings of the radiating slots; and a separate wave
energy feed means coupled to said radial waveguide at
each of the quadrants and at the second planar wall of
the radial waveguide, for establishing the dominant mag-
netic mode of the radial waveguide in partial modes with-
in each quadrant, and in selected directions for controll-
ing the current direction in each quadrant at the radiating
slots.
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9. An antenna for transmitting a narrow beam along
a given axis and deriving angular error information from
reflected energy, said antenna comprising: a radial wave-
guide having a pair of spaced apart parallel planar walls,
the planar walls being positioned about and normal to
the given axis, said radial waveguide having a terminating
band encompassing said planar walls and also including
radiating slots lying on at least one circle concentric with
the given axis and being dimensioned for propagation of
the Hyy; mode to provide circumferential current regions
in a first wall containing the radiating slots; a circular
waveguide concentric with the given axis and coupled
to the second wall of the radial waveguide, four conduc-
tive septa within the radial waveguide and extending
radially outward from the given axis to the outer band
of the radial waveguide and extending between the planar
walls thereof, said septa dividing the radial wavegunide
and the circular waveguide into quadrants, the radiating
slots being grouped within each quadrant and having
angular inclinations relative to the concentric circle on
which they lie of like absolute amount but of opposite
sense within alternate quadrants, so that the radiating
slots form pairs on opposite sides of the lines defining
the quadrants, with the different ones of the pairs having
equal but opposite inclinations with respect to a preferred
plane of polarization; and wave energy feed means
coupled to each of the quadrants of the circular wave-
guide for exciting therein a partial TEy; mode within each
of the quadrants, such that a partial Hy; mode is estab-
lished in the corresponding quadrant of the radial wave-
guide, the partial modes establishing circumferential cur-
rent regions of selected instantaneous direction within
each of the quadrants so that the radiating slots are
excited in given directions and the vectorial components
of the excitation in the oppositely disposed pairs cancel
the cross polarization components and selectively add or
cancel components in the preferred plane of polariza-
tion to provide effectively controlled lobing of the antenna
in accordance with the direction of excitation of the
radiating slots in the separate quadrants.

10. An antenna comprising a pair of parallel sidewalls
spaced to form a radial waveguide, conductive septa dis-
posed between said sidewalls and extending radially out-
wardly in said waveguide to electrically divide said wave-
guide into sectors, each of said sectors being adapted to
sustain a wave of electromagnetic energy which may have
a mode and phase differing from the waves in the other
of said sectors, one of sajd sidewalls having a separate
group of slots for each of said sectors, said slots being
disposed at a-common radius from the center of said side-
wall, all of the slots in each group being inclined to the
radius through the center of the slot by a predetermined
amount,

11. An antenna comprising a radial waveguide having
a pair of parallel spaced sidewalls, conductive septa dis-
posed between said sidewalls and extending radially out-
wardly in said waveguide and electrically dividing said
waveguide into quadrants, one of said sidewalls having a
ring of slots which includes a separate group of slots for
each of said quadrants, said slots being angularly disposed
with respect to said ring to thereby provide quadrature
related pairs of slots which provide selective addition or
opposition of vectorial excitation complements in a plane
of polarization and which cancel in the plane normal to
said first plane.
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