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5.Claims.
3 .

This invention relates to antenna systems and
particularly to: dirvective antenna systems.

My Patent 2,409,183 granfed on Cctober 15,
1846, discloses a lobe switching radar antennar
system comprising a. paraholoidal reflector hav-
ing & borizontal axis, and a pair of vertical di-
electric: guides extending partly across the re-
flector.. Each:guide has a. primary antenna aper-:
ture facing the reflector and positioned near, and:
in. the horizontal plane of, the reflector focus.
The two guides:are connected through a dielectric
guide. switch to. g transceiver.. In practice, it has

been found that, by reason of the passive or.

shadow effect.of the double guide feed,. tire direc-
tive pattern: taken in the horizontal lobe switch-
ing plane contains fairly large minor lobes: which:
produce false indications on. the cathode ray tube:
indicator associated with the transceiver. Ac-
cordingly; it appears desirable to. pravide means
for eliminating or reducing these vndesired minor
lobes. While various arrangements have: been
suggested: heretofore fer vreducing undesired
minor lobes.as, for example, the depressed or: off-
focus. feed disclosed: in Patent. 2,427,005 granted:

to:-A. B King on September 9, 1947, the prior art  g:

arrangements are not entirely suitable for use in.
the lobe switching system mentioned abeve and,.
moreover, may cause a decrease: in the antenna.
gain. Accordingly, it appears advantageous. to.
acecomplish the minor lobe reduction, in appli-
cant’s lohe: switching system, without depressing
the feed and in a; manner such as to increase, or
at Ieast not.change materially; the antenna gain..

It is:one: object of the invention to.secure, in an
antenna: system, a directive. pattern having neg-
ligible minor lobes.

It is. another object of this invention: to reduce,
in an antenna system comprising a parabolic. re-
flector and g vertical front dielectric guide feed,
the. minor lobes in the horizontal plane directive
pattern, without decreasing the antenna gain.

It is another object. of this invention. to elimi-
nate; in: a lobe-switching: antenna. system: having
a double directive pattern, overlapping of the
major lobe of one pattern with a minor Iobhe of the
other patiern, or so-called false cross-overs, dur-
ing the lobe switching operation.

In accordance with one embodiment of the in-
vention a small horizontal flat metallic defiector
is: attached to the double guide feed of the lobe
switching antenna referred. to above ab a point
immediately below: the two.guide: apertures.. The.
deflector or “window: sill” is below, and parallek
to, the. eptical axis of the paraboloidal reflector
and. extends. a. short distance towards the reflec~
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tor. The paraboloidal reflector extends approxi-;
mately twice: as far above its horizontal optical

aXis as.helow. In transmission, most of the waye:
components emitted alternately by the two. aper-
tures and propagated towards the portion of the:
reflector adjacent the lower edge; and most of the.
components propagated in. downwardly peinting.
directions which: avoid the reflector, are redi-
rected by the deflector upwards towards the:over-

. hanging upper portion of the parabolic reflector,

and are thence radiated in a general horizontal-
direction. Hence the radiation from the- lower
reflector portion mentioned above, which. portion
faces- the dual guide feed, is relatively small and;
as.compared to that produced by the lower refleg-:

tor section in the original system, greatly de-

creased; and: most of the energy is reflected or
radiated by the upper portion, including the-
overhanging section, of the reflector. Asa result,
the shadow: effect of the.guide feed is minimized
and. the minor lobes in the directive. pattern,
taken in the: herizontal lobe-switching plane, are:
substantially reduced. In reception, the converse-
operation is obtained by virtue of the reciprocity
theorem.

The- invention will be more fully understood:
from a perusual of the following specification,
taken in conjunction with the drawing on which.
like reference characters denote elements of
similar function and on which:.

‘Figs.. 1, 2 and 3 illustrate, respectively, a sec-
tional side view, a sectional front view and = tap-
:ilew of the preferred: embodiment of the inven-

on ;

Fig. 4 illustrates, fer purpose- of explanation,
the directive pattern taken in the E or horizontal
lobe-switching plane, of a prior art system con-
structed. in accordance with my copending ap-
plication mentioned above:

Fig. 5 ilustrates the E-plane. lobe-switching
directive pattern of the system of Pigs 1, 2 and
3; and:

Fig: 6 illustrates.the H or vertical plane patterm:
of the system of Figs. 1, 2 and 3:

Referring to Figs, 1, 2 and 3, reference numeral:
I denotes a. translation device, such as a radar
transceiver; and numeral 2 designates a main
metallic air-filled vertical dielectric guide con-
nected thereto. The main guide 2 is connected. fo:
a pair of metallic feed guides 8 and 4 through a.
guide: switch 5 of the “finger” type disclosed in
my copending application mentioned above, or of.
a different. type, such as, for example, the. so-
called “fin” type. At the top, each of the feed.

. guides. is: bent ninety degtees and contains; an
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gntenna aperture, the two apertures being in-
cluded in the same vertical plane. The antenna
aperture in the left feed guide 3 and the antenna
aperture in the right feed guide 4 are denoted,
respectively, by the reference numerals 6 and 1.
Numeral 8 denotes a double polystyrene window
which covers both apertures and permits passage
of radio waves.- Numeral 9 denotes a metallic
horizontal deflector or window sill which is at-
tached to the dual feed guides, by means of screws
10, at a point immediately below the apertures 6

and 1, or window 8. The deflector 9 has a circu-

lar front edge, Fig. 3, and at its widest portion

extends outwardly from the dual guides 6, 7, a

distance of approximately a half wavelength.
Reference numeral ! denotes a concave re-

flector comprising a paraboloidal: section 12 hav-

ing an ellipsoid opening and a conical underhang-
ing section (3. The section 12 has a horizontal

optical or principal geometrical axis 14 extend-.

ing dabove deflector 2, the two latus réctums 15
and 16 and a pomt—focas {1.- The focus 17 is po-
‘sitioned in the plane of, and approximately mid-
way between, apertures § and 7, and the optical
axis 14 passes through the point focus {7 and the
vertex of the reflector §{. In Fig.-1, the dot-dash
curve I8 illustrates the parabola which is re-
volved about axis {4 to secure the paraboloidal
contour of section {2, If desired, the underhang-
ing section, instead of being coniferm, may be
barrel-shape, which shape is obtained by revolv-
ing ‘the bottom edge 19 of the paraboloidal re-
flector section (2 counter-clockwise, Fig., I,
through a small angle and about the latus rectum
16.. The conical or barrel feature forms no part
of the present invention, and, if desired, the un-
derhanging section 18 may comprise merely an
extension of the paraboloidal section 12.

. Considering the vertical plane, Fig. 1, contain-
ing axis {4 and the point-focus {7, the line 20
perpendicular to axis {4 represents, for purpose of
explanation -and comparison, the diameter or
opening of a conventinal paraboloidal reflector
‘similar to that included in the system of my
above-mentioned patent. The conventional re-
flector just mentioned extends the same distance
above and helow the axis 14. In contrast, the
concave reflector 1} of the present invention ex-
tends about twice as far above as below axis 4.
In Fig. 1, the vertical heights of the portions of
reflector 11 above and below the axis 4 are des-
ignated by the reference letters B and A, respec-
‘tively. In one embodiment tested at a design
’ wavelength of about 9.8 centimeters, B and A are
11 ‘and 5-inches, respectively; and in another em-
bodlment tested at the same wavelength, B and A
are 2 feet and 1 foot, respectively. In the last-
mentioned embodiment, the horizontal width of
the reflector {1, taken along the-latus rectum 16,
is 5 feet. Hence, the concave reflector 1i of the
présent invention comprises ah ovérhanging or

canopied portion 2! having a vertical dimension-

C, and, in the vertical plane containing axis 4
and pomt focus 17, the reflector aperture 22 is
tilted forward and forms gn acute angle with the
axis 14. As will be explained in detail below, the

reflective canopy 2{ and the reflective window sill

9 mutually cooperate and function to eliminate
the shadow effect of the dual guides 3, 4, and,
consequently, to reduce the undesired minor lobes.

-Preferably, but not necessarily, the paraboloidal
section 12 is of the so-called dielectric guide grid
or grille type, as illustrated, instead of the solid
type; and the underhanging section {3 is of the
solid type. The grid reflector 12 comprises hori-
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zontal metallic strips 28, which form the guide
openings 24 and are spaced, on centers and ver-
tically, a distance V of about one inch, corre-
sponding to less than a half wavelength. The
strips have a depth D, Fig. 1, of about one inch
and are supported by the transverse members 25
and the rim member 26, the members 25 and 25
being made of conductive or non-conductwe ma-
terial. The reflector is designed for use with
waves polarized horizontally, as shown by arrow

© 21, Fig. 2. Hence, the transverse members 25,
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-which appear to be vertical as seen from the dual

feed apertures 6, 1, do not affect the operation
of the reflector. Moreover, since the dimension
V of the openings 24 is less than a half wave-
length, at the mean or design frequency, waves of
the operating frequencies arriving at the grille
reflector 12 from the feed or projector apertures
6, T, or from a remote reflective target, do not
pass through the openings 23 but are rOJected
or reflected thereby..

The general transceiving a,nd lobe sw1tchm :
operation of the system of Figs. 1, 2, and 3, is
basically the same as that of the system of my
above-mentioned patent. - Briefly, in transmis--
sion, horizontally polarized waves are supplied.
by device ! to main guide 2 and through the guidé:
switch B, alternately, to the dual feed guides 3 and
4. The waves are alternately emitted by the an-
tenna apertures 6, 7, and are reflected primarily.
in a horizontal direction by the concave reflector
i1, In PFig. 1, reference numeral 28 denoctes a’
representative direction or path followed by a
wave component emitted from one of apertures 5
or 1, towards the upper portion of refiector 1
and redirected thereby. When the waves are.
emitted by the left-hand antenna aperture 8§,
maximum action in the horizontal plane oceurs in®
the direction 28, Fig. 3, lying on the right side of;
and making an acute angle with, the optical axis;
{4; and when the waves are emitted by the right’
antenna aperture 1, the direction 3¢ of maxi-:
mum action is on the left side of optical axis i4
and forms therewith an acute angle. The direc-:

5 tions 29 and 30 of maximum action corrsspond to

the principal axes of the left and right lobe-.
switching main beams or major lobe patterns
taken in the horizontal or E-plane. In recep-:
tion, the converse operation is obtained.

In more detail, the E-plane pattern of the left:
or right main beam is relatively narrow by reason
of the parabolic contour in this plane of the con-
cave reflector; and the H-plane pattern of the
main beam is somewhat wider, so that a fan-
beam is secured. Assuming, for the moment,
that the deflector 9 is omitted; the underhanging
reflector section 3 functions to increase the radio
action at the high or sky anglés included in the
50-70 degree vertical sector. With deflector 9 in
place, in accordance with the inventicn, some of
the waves propagaied from aperture & or T in
downwardly pointing directions, such as direction
31 which avoids the reflector 11 altcgether, or di-
rection 32 which is intercepted by the bottom por-
tion of the underhanging reflector saction 128, are
redirected by the deflector 9 towards the upper
part, particularly the overhanging part 21, of the
concave reflector (1, as shown by arvows 23 and
34. The deflected waves are then propagated
horizontally as shown by arrows 35 and 36. Con-.
sequently, as compared to the prior art system
of my above-mentioned patent, the intensity of
the radiation from the bottorn reflector portion
facing the vertical dual feed guide is decreased

78 and the waves, which without deflector ¢ would:
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be radiated from this refiector portion, are in a
sense transferred to and reflected by the over-
hanging reflector portion 2i. As a result, the
passive action or shadow effect of the dual guide
structure 3, 4, which causes the beam to split into
minor lobes, is reduced. Also, the horizontal or
E-plane of maximum action is, in effect, no longer
coincident with the horizontal plane containing
the optical axis {4 of the concave reflector, and
an E-plane directive pattern with reduced or neg-
ligible minor lobes is secured. In the vertical or
H-plane, the deflector renders the high angle or
sky radiation less than that obtained in the
ahove-mentioned prior art system.

Referring to Figs. 4 and 5, reference numerals
37 and 38 denote, respectively, the alternate left
and right measured E-plane directive patterns
obtained for the lobe-switching prior art antenna
system of my patent; and numerals 3% and 40
designate, respectively, the alternate left and
right measured E-plane directive patterns ob-
tained for the lobe-switching antenna system of
Figs. 1, 2, and 3. In Fig. 4, the left pattern 37
includes a major lobe &1, first dips or nulls 42, first
minor lobes 43, and higher order minor lobes 44;
and the right pattern 38 includes a major lobe 45,
dips 486, first minor lobes 41, and high order minor
lobes 48. In Fig. 5, the left pattern 39 includes
a major lobe 49, the right first null 50, the right
first minor lobe 51, and the higher order minor
Iobes 52; and the right pattern 48 includes the
major lobe 53, the left dip 54, the left first minor
lobe 55, and the higher order minor lobes 56.
The half power width of each major lobe 41, 45,
48, and 53, is denoted by the reference numeral
5T and the real or desired cross-over points of
patterns 37 and 38, and patterns 39 and 40, are
denoted by numeral 58.

As shown in Fig. 5, the half power width 57 of
each of major lobes 49 and 53 is relatively small.
The first minor lobes 51 and 55, Fig. 5, are only
ahout 12 to 15 per cent of the major lobes 49 and
53; respectively, and therefore negligible. By
way of contrast, the first minor lobes 43 and 47,
Fig. 4, are about 35 per cent of the major lobes
41 and 45, respectively. Also, the higher order
minor lobes 52 and 56, for the system of the in-
.vention, are considerably lower than the corre-
sponding higher order minor lobes 44 and 48, for
the. prior art system. It will be noted that the
left first minor lobes 43 and 47, Fig. 4, of the two
.patterns 37 and 38 touch or cross at about the 35
.per cent power point denoted by reference nu-
‘meral 59. Hence, an indication resulting from

this; false cross-over is fairly strong. On the
other hand, the false cross-over points 60 of pat-
terns 39 and 40, Fig. 5, are at about the 12 per
cent power-point and the indications produced
thereby are therefore negligible.

Referring to Fig. 6, reference numeral 61 de-
notes the vertical plane directive pattern for the
system of Figs. 1, 2, and 3. The pattern includes
the major lobe 62, the dip 63, and the higher
angle or “sky” minor lobe 4. The half power
width 65 of the major lobe 62, it will be noted,
is greater than the corresponding width 57, of the
major lobes 49 or 53, for the system of Figs. 1, 2,
and 3. If deflector 9 were omitted, the minor
Iobe 64 would be considerably higher.

Thus, in accordance with the invention, the
minor lobes produced in a lobe switching system
are reduced. The gain of a system constructed
in accordance with the invention and comparable
in size to a system constructed in accordance with
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my patent is 19.8 decibels, whereas the gain of
the comparable system of my copending applica-~
tion is about 19 decibels so that the lobe reduc-
tion is secured with a slight increase in gain.

Although the invention has been described in
connection with a specific embodiment, it is not
to he limited to the embodiment described, inas~
much as other apparatus may be employed in
successfully practicing the invention.

What is claimed is:

1. In combination, a reflector having an optical
or principal geometrical axis and a focus said
reflector having a concave surface on one side of
said axis, a primary antenns at said focus and a
flat deflector extending parallel to and lying on
the opposite side of said axis, said deflector being
spaced from said reflector and positioned sub-
stantially between said reflector and said primary
antenna.

2. A combinsation in accordance with claim 1,
said axis being substantially horizontal, said re-
flector extending approximately twice as far
above as below said axis and said deflector being
positioned below said axis.

3. In combinaticn, a paraboloidal reflector hav-
ing a substantially horizontal optical axis, said
reflector extending farther above than below said
axis, a vertical dielectric guide extending across
the lower part of said reflector and having an an-
tenna aperture facing said reflector, and a plane
deflector attached to said guide, said deector be-
ing positioned entirely below said axis and ex-
tending towards said reflector.

4. In combination, a concave reflector having
a focus and a substantially horizontal optical or
principal geometrical axis, said reflector extend~
ing farther above than below said axis, a pair of
vertical wave guides positioned in front of said
reflector and each having an aperture facing said
reflector, the reflector focus being midway be-
tween said apertures, a horizontal plane deflector
attached to said guides and extending below said
axis and towards said reflector, a wave guide
switeh, a radar transceiver, said guides being
connected through said switech to said radar
transceiver.

5. A combination in accordance with claim 4,
said reflector comprising a plurality of wave guide
openings dimensioned to reject or reflect wave
components, the upper and greater portion of said
reflector having a paraboloidal contour and the
zmaller and lower portion having a conica] con-

our.
ALFRED C. BECK.
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