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[57] ABSTRACT 
An antenna system adapted to operate over relatively 

termined beam de?ection angle thereby to generate a 
broadside antenna radiation pattern, or the TM‘H 
mode when the desired beam deflection angle is 
greater than or equal to the predetermined beam dc— 
?ection angle thereby to generate an end fire antenna 
radiation pattern. The latter means includes a power 
divider having a pair of output ports, phase shifter 
means for providing either 0° or 180° phase shift be 
tween the energy passing through such pair of output 
ports selectively in accordance with the control signal, 
and a radiating aperture section including a circular 
waveguide coupled to the pair of output ports and di 
mensioned to support either the TE,I mode or the 
TM‘,l mode‘ When such phase shift is 0° the antenna 
operates in the TEl1 mode and when such phase shift 
is 180° the antenna operates in the TMll mode. 

4 Claims. 3 Drawing Figures 
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ANTENNA SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates generally to antenna systems 
and more particularly to systems of such sort which are 
adapted to operate over relatively wide scan or de?ec 
tion angles. 
As is known in the art, a collimated beam of radio 

frequency energy may be formed and steered by con 
trolling the amplitude and phase of the energy radiated 
from each one of a plurality of antenna elements in an 
array thereof. The radiation pattern of a typical array 
includes, in addition to a desired main lobe, several side 
lobes. Such side lobes generally are undesirable be 
cause they reduce the amount of energy in the main 
lobe. 
As the scan or de?ection angle of the main lobe is in 

creased from boresight, the energy in the side lobes in 
creases, with a concomitant decrease of energy in the 
main lobe. In an airborne radar system, for example, it 
is generally desirable that an antenna array system be 
operable over a relatively wide range of scan angles to 
permit operation for both terrain avoidance and colli 
sion avoidance. One known technique used to increase 
the range of scan angles is to use, in combination, a me 
chanical gimbal drive mechanism and an electronic 
phased array antenna which is mounted to the gimbal 
system. The gimbal drive mechanism is arranged to ex 
tend the scan angle range of the phased array antenna. 
The use of such combination, while adequate in some 
airborne applications, has been sometimes found to be 
inadequate because such system includes a relatively 
slow responding mechanical drive mechanism. 

SUMMARY OF THE INVENTION 

With this background of the invention in mind it is 
therefore an object of this invention to provide an im 
proved antenna system which is adapted to operate 
over relatively Wide scan angles. 
This and other objects of the invention are attained 

generally by providing an antenna system including 
means for providing a control signal indicative of the 
relationship between a desired beam deflection angle 
and a predetermined beam de?ection angle, and 
means, responsive to the control signal, for causing the 
antenna to operate in a selected one of a plurality of 
possible operating modes, such mode being selected in 
accordance with the relationship between the desired 
beam de?ection angle and the predetermined beam de 
?ection angle. 

In a preferred embodiment a phase array antenna op 
erates in a selected one of two possible modes, one 
such mode providing a broadside antenna radiation 
pattern and the other such mode providing an end ?re 
antenna radiation pattern. When the beam steering sig 
nals direct the beam of radiation to de?ection angles 
less than some predetermined angle a broadside an 
tenna radiation pattern is generated by the antenna, 
and when the beam steering signals direct the beam of 
radiation to de?ection angles greater than or equal to 
such predetermined angle an end ?re antenna radiation 
pattern is generated by the antenna. 

In such embodiment one of the plurality of antenna 
elements includes: A power divider having a pair of 
output ports, means for providing either 0° or 180° 
phase shift between the energy passing through such 
pair of output ports selectively in response to the con 
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2 
trol signal and a radiating aperture section including a 
circular waveguide coupled to the pair of output ports. 
The circular waveguide is dimensioned such that its 
cutoff frequency is lower than that of either the TE,l 
mode or the TM“, mode of the radio frequency energy 
propagating therethrough. When the relative phase 
shift between the energy passing through the pair of 
output ports is 0° the phased array antenna operates in 
the TE“ mode and a broadside radiation pattern is de 
veloped by the antenna. When the relative phase shift 
between the radio frequency energy passing through 
the pair of output ports is- 180° the phased array an 
tenna operates in the TM‘,l mode and an end ?re radia 
tion pattern is developed by the antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of this invention, as well as 
the invention itself, may be fully understood from the 
following detailed description read together with the 
accompanying drawings, in which: 
FIG. 1 is a simpli?ed sketch of an airborne phased 

array radar system according to the invention, such 
radar system being adapted to generate either a broad 
side antenna radiation pattern or an end ?re antenna 
radiation pattern selectively in accordance with the re 
lationship between a desired radiation beam de?ection 
angle and a predetermined radiation beam deflection 
angle; 
FIG. 2 is a simpli?ed sketch of the phased array radar 

system of FIG. 1 including a plurality of antenna ele 
ments to radiate a collimated beam of radio frequency 
energy and to receive echo signals from targets illumi 
nated by such radiated energy; and 
FIG. 3 is an isometric drawing, greatly simplified and 

exploded, of one of the antenna elements of the phased 
array radar system of FIG. 2 according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. I it may be seen that an air 
borne phased array radar system 10 is adapted to pro 
duce either a broadside antenna radiation pattern 6 or 
an end ?re antenna radiation pattern 8 selectively in 
accordance with the relationship between a desired ra 
diation beam de?ection angle and a predetermined ra 
diation beam de?ection angle in a manner to be de 
scribed hereinafter. The beam de?ection angle 0 is here 
de?ned as the angular deviation from the boresight axis 
7 of the antenna. As shown in FIG. 1, radiation pattern 
6 has approximately a 0° de?ection angle. 
Referring now to FIG. 2 it may be seen that the 

phased array radar system 10 according to this inven 
tion includes a number of ?xed antenna elements 11. 
The antenna elements 11 may be mounted in any con 
ventional manner (not shown in detail) to form a space 
fed planar array antenna. As is known, such an arrange— 
ment permits radio frequency energy from a feed horn 
17 to be collimated in a beam and directed as desired 
in accordance with digital signals supplied by a beam 
steering computer 15. Also, echo signals returning to 
the individual antenna elements 11 of the antenna 
array 10 are focused to the feed horn 17 in accordance 
with digital signals supplied by beam steering computer 
15. The feed horn 17 is connected in any conventional 
manner, as by waveguide (not numbered) to a trans 
mitter/receiver 19. The operation of the transmitter/ 
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receiver 19 and the beam steering computer 15 is con— 
trolled by conventional controller 21. 
As will be described in detail hereinafter, the beam 

of radiation generated by the antenna will have a 
broadside antenna radiation pattern 6 (FIG. 1) or an 
end ?re antenna radiation pattern 8 (FIG. 1 ). The radi 
ation pattern is selected in accordance with the rela 
tionship between the desired beam de?ection angle, as 
controlled by the beam steering computer 15, and a 
predetermined beam de?ection angle, here say 30° 
from boresight axis 7. Such predetermined beam de 
?ection angle, which may be varied within wide limits, 
may be selected so that the level of the antenna gain (as 
the main beam is de?ected from boresight axis 7 during 
the broadside antenna radiation pattern mode of opera 
tion) is always above a desired level as determined a 
priori. A digital storage register 16, of conventional de 

, sign, is provided to store a digital signal representative 
of the predetermined beam de?ection angle 30°. A 
comparator means 18 is provided to compare the de 
sired beam de?ection angle signal produced by beam 
steering computer 15 with the predetermined beam de 
?ection angle signal stored in storage register 16. Such 
comparator means 18 is of conventional design and 
here develops a control signal on line 20. When the de 
sired beam de?ection angle, as commanded by the 
beam steering computer 15, is greater than, or equal to, 
the predetermined de?ection angle, as stored in regis 
ter 16, the control signal on line 20 selects, in a manner 
to be described, an end ?re radiation mode for the an 
tenna. When the desired beam de?ection angle is less 
than the predetermined beam de?ection angle the con 
trol signal on line 20 selects, in a manner to be de 
scribed, 21 broadside‘antenna radiation mode for the an 
tenna. 

Referring now also to FIG. 3, an exemplary one of 
the antenna elements 11 is shown in detail to include 
a phase shifter section 23, a mode selection section 25 
and a radiating aperture section 27. The phase shifter 
section 23 in this particular embodiment has disposed 
within a rectangular waveguide 29 three serially ar 
ranged ferrimagnetic toroids 31a, 3 lb, 310, sometimes 
referred'to as ferrite phase shifters 31a, 3 lb, 31c de 
signed to operate in response to a three bit binary signal 
supplied by beam steering computer 15. Obviously, 
however, the number of toroids or phase shifters may 
be changed without departing from the inventive con 
cepts. A different bit of the three bit binary signal is 
supplied to a different one of the three identical current 
drivers collectively referred to as “current driver, 13." 
A different one of the current drivers is coupled to a 
different one of the ferrimagnetic toroids 31a to cvia 

. current drive cables 33a to c as shown. The toroids 31a 

to 310 are separated from each other and in a conven 
tional manner by insulating spacers 35a to c‘ as shown. 
Here such spacers 35a to c are magnesium titanite di‘ 
electric spacers. A conventional support structure (not 
shown) fastens such spacers and toroid 310 within 
waveguide 29. An impedance matching device 37 is 
coupled to waveguide section 29. Such impedance 
matching device 37 is shown and fully described in U.S. 
Pat. application Ser. No. 369,028, “Waveguide De 
vice,” Jerome D. Hanfling, inventor, filed June ll, 
1973 and assigned to the same assignee as the present 
invention. 
Mode selection section 25 includes a three port 

power divider 38. Such power divider 38 includes an 
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4 
input port 40 which is coupled to the phase shifter sec 
tion 23 by means of suitable mounting ?anges (not 
numbered). The power divider 38 includes a pair of 
output ports 42, 44 formed by a pair of rectangular 
waveguide sections. Such power divider 38 may be sub 
stantially a waveguide hybrid junction described in U.S. 
Pat. No. 3,281,720, S. B. Cohn, issued Oct. 25, 1966. 
Here, however, output sections 49, 51 of such hybrid 
junction extend beyond the resistive material 47, as 
shown, for reasons to be apparent. It is understood, 
however, that other power dividers may be used such 
as an E-plane forked hybrid T (as described in l.R.E. 
Transactions on Microwave Theory and Techniques, 
December 1955, by W. K. Kahn, pg. 52) with the H 
plane port thereof (designated as port 3 in such article) 
properly terminated by a suitable load material. Power 
divider 38 provides equal power division of energy en 
tering input port 40 between the two output ports 42, 
44. Disposed within the pair of waveguide sections 
forming the output sections 49, 51 are ferrimagnetic 
phase shifting rectangular toroids 46, 48. The toroids 
46, 48 are held within the rectangular waveguide form 
ing ouput sections 49, 51 by engagement with the op 
posing wide walls of such waveguide. That is, the op 
posing wide walls provide spring loading engagement 
with the toroids 46, 48. This engagement thereby re 
sults in an electrical and a mechanical contact between 
the toroids 46, 48 and the rectangular waveguides 
when the power divider 38 is assembled. A wire 50 
passes through toroid 46 and a wire 52 passes through 
toroid 48. Wires 50, 52 are connected to a current 
driver 54 here affixed to and mounted beneath mode 
selection section 25. The current driver 54 is actuated 
by the control signal on line 20. When the beam steer 
ing computer 15 (FIG. 2) commands a beam de?ection 
angle greater than or equal to 30° a control signal is de 
veloped on line 20 enabling the current driver 54 to 
supply current through the toroids 46, 48 via wires 50, 
52. The current in such wires 50, 52 flows in the direc 
tion indicated by the arrows (not numbered). It is 
noted that, as shown, such current ?ow is through to~ 
roid 46 from right to left and is through toroid 48 from 
left to right. Further, the toroids 46, 48 and the current 
driver 54 are arranged and designed such that when the 
current ?ows in the direction indicated by the arrows 
a 90° phase shift is produced in each one of the toroids 
46, 48. Therefore, because of the opposite direction in 
current ?ow in each one of the toroids 46, 48 the radio 
frequency energy passing through the output ports 42, 
44 of the power divider 38 from input port 40 will have 
a relative 180° phase shift therebetween. When the 
beam steering computer 15 produces beam steering 
signals for commanding the beam of radiation to de 
?ection angles less than 30° the control signal on line 
20 causes current driver 54 to become disabled so that 
no current is allowed to ?ow through wires 50, 52. In 
the absence of such current the relative phase shift be 
tween the radio frequency energy passing through out 
put ports 42, 44 is therefore 0°. 

Radiating aperture section 27 is a section of circular 
waveguide dimensioned such that its cutoff frequency 
is lower than either the TEll modeor the TM01 mode 
of the radio frequency energy propagating there 
through. The radiating aperture section 27 is fastened 
to the mode selection section 25 by conventional 
mounting ?anges (not numbered). In operation, when 
the electric ?elds of the radio frequency energy passing 
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through output ports 42, 44 to radiating aperture sec— 
tion 27 are equal in amplitude and phase, such ?elds 
combine in the circular waveguide of the radiating ap‘ 
erture section 27 so that the TE11 mode is supported 
therein. When the electric ?elds of the radio frequency 
energy propagating through such output ports are 
equal in amplitude but have a 180° relative phase shift 
therebetween such electric ?elds combine in the circu 
lar waveguide of the radiating aperture section 27 so 
that a TMm mode is supported within such circular 
waveguide section. Therefore, when the beam steering 
computer 15 (FIG. 1) produces signals to direct the 
beam of radiation to de?ection angles less than 30° the 
relative phase shift between the energy passing through 
the pair of output ports 42, 44 is 0° and the phased 
array antenna operates in the TEM mode, and such an~ 
tenna develops a broadside radiation pattern 6 (FIG. 
1). When the beam steering computer 15 produces 
beam'steering signals for directing the beam to de?ec 
tion angles greater than or equal to 30° the relative 
phase shift of the radio frequency energy passing 
through the pair of output ports is 180°, the phased 
array antenna operates in the TM01 mode, and such an 
tenna develops an end ?re radiation pattern, 8 (FIG. 
1). 
While the described embodiment of this invention is 

useful to an understanding thereof, it will be immedi 
ately apparent to those having skill in the art that the 
concepts of the invention may be applied to the design 
and construction of antenna systems having different 
characteristics than the illustrated embodiment. For 
example, While a space fed phased array antenna sys 
tem has been shown, a corporate feed phased array an 
tenna system may be used in place thereof. Also, the 
antenna system may be readily adapted for use in com‘ 
munication applications such as satellite communica 
tion systems. Still further, while a 30° threshold was se 
lected in the particular embodiment described herein, 
any other suitable angle could have been chosen and 
stored in register 16. While two 90° phase shifters were 
used in the mode selection section 25, it is now readily 
apparent that a single 180° phase shifter may have been 
substituted in place thereof. It is felt therefore that the 
invention should not be restricted to its disclosedem 
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6 
bodiment but rather should be limited only by the spirit 
and scope of the following claims. 
What is claimed is: 
1. An antenna system, comprising: 
a. means for providing a control signal indicative of 

the relationship between a desired beam de?ection 
angle and a predetermined beam de?ection angle; 
and I ' 

b. means, responsive to the control signal, for causing 
the antenna to operate in a selected one of a plural 
ity of possible operating modes, such mode being 
selected in accordance with the relationship be 
tween the desired beam de?ection angle and the 
predetermined beam de?ection angle including 
means for causing one mode of such plurality of 
possible operating modes to produce a broadside 
‘antenna radiation pattern and another one of such 
modes to produce an end ?re antenna radiation 
pattern. 

2. The antenna system recited in claim 1 wherein the 
operating mode producing the broadside antenna radi 
ation pattern is the TE,1 mode and the operating mode 
producing the end fire antenna radiation pattern is the 
TM01 mode. 

3. The antenna system recited in claim 1 wherein the 
control signal responding means includes: 

a. a power divider having a pair of output ports; 
b. means, responsive to the control signal, for provid 

ing either a 0° or 180° phase shift between the radio 
frequency energy passing through the pair of out 
put ports selectively in response to the control sig 
nal; and 

c. a radiating aperture section including a circular 
waveguide coupled to the output ports, such Wave 
guide being dimensioned with a cutoff frequency 
lower than that of either the TE“ mode or the TM01 
mode of the radio frequency energy propagating 
therethrough. 

4. The antenna system recited in claim 3 wherein the 
power divider is dimensioned to divide the radio fre 
quency energy passing therethrough equally between 
the pair of output ports. 
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