Oct. 29, 1968 J. BLASS 3,408,653

ANTENNA SYSTEM COMPENSATING FOR PRISM EFFECT UTILIZING

CONTROL MEANS AT THE SIGNAL FEED
Filed Nov. 12, 1964 5 Sheets-Sheet 1

—rT =2

CONTROL
NETWO RS

TRANSAMYT 748
RECEIVER

F |

INVENTOR.
VDO BL 2SS

BY
O 7ol £k, HEER. Gaw s £ SDrrsy

ATITENEYS




Oct. 29, 1968 J BLASS ' 3,408,653

ANTENNA SYSTEM COMPENSATING FOR PRISM EFFECT UTILIZING
CONTROL MEANS AT THE SIGNAL FEED '
“iled Nov. 12, 1964 5 Sheets~Sheet 2

2 A 'y
R 754 - -/,'{
72
&
oz 4z
s L — B
&7,
74/( '
96 74; i1
[
el
Fr =5_ A Fr =Ll
] ‘ ' » :
(%4
LT .
O P Sy
BESNT
gz
g2
o P
F
e % db
g3
g5
TN
= 4
73
A 7
pA *aF NIz
db|  Fo, A, %
—L T L :
oz =4 o0 "SEIOR
4 BY » |
s reoc sws, FHEER, Gres § Sorren
& 90

AT 7N E s




Oct. 29, 1968 J. BLASS 3,408,653
ANTENNA SYSTEM COMPENSATING FOR PRISM EFFECT UTILIZING
CONTROL MEANS AT THE SIGNAL FEED
¥iled Nov. 12, 1964

5 Sheets~Sheet 3

JG

!
[

Fr= A P — TS
#. 4 //j?
I 7 I 9%
512 2
J ’
Lz :
S2
7
i i
a vy
70 40
[
' e T e 2L
4: iy
VA oo R
Il f BY
i zo

! &vawzzmwnA&a&;q}zfqiéﬁﬁﬁor

BT TOCNESS



Oct. 29, 1968

J. BLASS

3,408,653

. ’
ANTENNA SYSTEM COMPENSATING FOR PRISM EFFECT UTILIZING

Filed Nov. 12, 1964

Y SGE
AL SYSTATEN T

Nd N

.y —

N |

Ve ™~

CONTROL MEANS AT THE SIGNAL FEED

5 Sheets-~Sheet 4

_ N
|

AL

/\U/\\L , ‘}/ -

V2% g
Sl e e ——— W P
BANI /077 ——!
725
" . _TTr A
2 A7
- 2
A%EV 1% 50
] N § =
AQ;D——-QQ °
#7 O E§ -
N
A5z 88N o
A '
z INVENTOR
JYDDO LrLA4Ss
J “éi L BY
THRANIN 7758
PECE e 6&%7%25245A&gﬁgé&wzgiibzav

A7 7oNETS




Oct. 29, 1968

Filed Nov.

T == 1T

J. BLASS
ANTENNA SYSTEM COMFENSATING FOR PRISM EFFECT UTILIZING
CONTROL MEANS AT THE SIGNAL FEED

3,408,653

5 Sheets-Sheet 5

% 3
™ 2
= IR
N
O/ : .
|
|
»—r"_"a%
Eﬂ®®§
=t
~ N
/WI l:lk &\
|
(
|
I
-
| S|
NN
Y > N
M NI
I N E§
. B A
N N
N l R N
o/ :_'l: ®|
A : g?
—_ ®§‘_
N ®§‘
N — ®§
ANEEINGNE
~ ®°‘§\\/\
N
SN
AR 5 N
W ¥
— N
2N T
N
L%
—— &
N A : N INVENTOR.
N N = X WoH Fiiss
N
o SN
) N O
Q E} Osreoens, foser,
GRE § S pmrmn

AT TORNETS




United States Patent Of

3,408,653
Patented Oct. 29, 1968

cc

1

3,408,653
ANTENNA SYSTEM COMPENSATING FOR PRISM
EFFECT UTILIZING CONTROL MEANS AT THE
SIGNAL FEED
Judd Blass, Bayside, N.Y., assignor to Blass Antenna Elec-
tronics Corporation, Long Isiand City, N.Y., a corpora-
tion of Delaware ‘
Filed Nov. 12, 1964, Ser. No. 499,905
31 Claims, (CL. 343—754)

“ABSTRACT OF THE DISCLOSURE

An antenna system is provided which includes an energy
impinging surface and a feed surface spaced therefrom.
In systems of this type non-broadside scanning produces
path length variations for the various frequency compo-
nents comprising the desired bandwidth. By utilizing a
plurality of feed points within the focal plane of the energy
impinging surface, with the location of each of these feed
points determined by the scan angle and associated fre-
quency component, the variations in path length can be
compensated for such that bandwidth is materially in-
creased. Because of physical limitations, the required feed
point spacing becomes a physical limitations, the required
feed point spacing becomes a physical impossibility. How-
ever, by the implementation of Huygens’ principle, a plu-
rality of feed members can be spaced outside of the focal
plane and controlled to produce the necessary feed points
within the focal plane of the energy impinging surface.

m—— T S At

My invention relates to antenna systems of increased
bandwidth capabilities, and more particularly to a novel
feed system for maintaining the proper antenna beam scan
direction and phase coordination of the various frequency
components which combinedly comprise the desired band-
width of operation. ’

An antenna may basically be considered as a connect-
ing link between free space and a transmitter or receiver.
The -antenna surface is designed to direct electromagnetic
energy between a desired direction in space and a receiver
or transmitter located at its focus. This linking intercon-
nection may, in many cases, be reciprocal; that is, the trans-
mitter located at the focus of the antenna system directs
its energy to the antenna surface, with such energy then
being formed into an antenna beam of the desired charac-
teristics and having the desired angular orientation, or scan
angle, in space. Conversely, the antenna surface may be
directed such that a signal source originating within the
antenna beam pattern of desired scan angle will be re-
ceived by that surface and re-directed towards a receiver
located at the focus. During the course of the ensuing ex-
planation, certain aspects of the invention will be dis-
cussed in conjunction with either a transmit or receiver
mode of operation. This, however, will merely be for
purposes of simplifying the particular analysis. It is to_be
understood that analogous conditions prevail for both the
transmit and receive mode of operation and my invention
is equally adaptable for both of such modes.

In some system applications, it is desired that the direc-
tion of the antenna beam be varied in space. Means must,
therefore, be -provided within the antenna system for
changing the antenna scan angle. One well known method
for obtaining such antenna beam scanning is to move the
reflector mount structure itself to appropriately direct its
antenna beam in the desired direction. As the antenna
structure is re-orientated corresponding to the desired
scan angle, broadside operation is usually maintained.
Thus, the path lengths of the signal rays illuminating var-
ious portions of the antenna surface will be maintained
corresponding to variations of scan angle, and such an-

10

2

tenna systems will not be subject to prism effect signal
degradation. Such systems have, however, been severely
limited in scanning rates and accuracy because of system
inertia and other mechanical difficulties encountered with
movement of the reflector or feed.

Various electronic scanning techniques are also known
for varying the scan angle of the antenna beam without
physically moving either the reflector or feed. Some typi-
oal prior art systems are more fully discussed in my co-
pending U.S. patent applications Ser. No. 230,358 filed
Oct. 15, 1962 now U.S. Patent No. 3,316,553 and Ser.
No. 244,089 filed Dec. 12, 1962, now U.S. Patent No.
3,274,601, to which reference is herewith made. As is
the subject of my U.S. patent application Ser. No. 244,089,
a stationary reflecting surface may be formed of an ar-
ray of individual, phase control radiating elements. The
relative phase of the individual wave signals formed at
the reflecting surface may be individually and rapidly
controlled (in the order of a few nano-seconds) to elec-
trically form an antenna beam of desired scan angle di-
rection. Further, the phase control circnitry associated with
the individual radiating elements forming the array may
be modified to reposition its axis of directivity, such that
the antenna beam associated with such an array antenna
will change its angle of scan in space, without the need
to physically move the antenna surface.

Such directive arrays have been previously limited in

- frequency capabilities because of the variations of path
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lengths over the surface of the antenna array, correspond-
ing to variations of scan angle. More specifically, as the
angle of scan varies in space, the path length traversed
by energy incident at the edge of the antenna will vary
from the path length of energy incident on the center of
the antenna, with such path length variation being pro-
portional to the cosine of the scan angle. Such an actual
path length differential, or true time. delay, corresponds
to a different phase delay at the various frequencies form-
ing the desired bandwidth of operation. This variation of
phase with frequency will therefore narrow the bandwidth
over which a well defined antenna beam may be main-
tained. This problem had been recognized in the prior art,
and is termed the “prism” effect, because it may be broadly
analogized to the dispersive effect of polychromatic light
passing through a prism. That is, since the actual path
length variation over the surface of the array will cor-
respond to a different number of wavelengths of each of
the individual frequency components forming the band-
width of operation, different ones of the signal compo-
nents will experience a different phase variation at the
antenna surface. The result is analogous to the manner
in which a ray of polychromatic light incident on one
surface of a prism emerges from the opposite surface of
the prism as a fan-shaped beam, separated into its indi-
vidual monochromatic components.

In the past the solution to the prism effect problem
has usually been to provide modifications of the antenna
surface to compensate for the path length differential as
the angle of scan varies. For example, in a phase back
scatter array wherein the signal enters the surface of the
antenna, penetrating it to a desired depth and is then
reflected out of the surface in the proper phase relation-
ship to establish the requisite beam orientation, additional
compensating delay may be introduced about the array
surface by varying the depth of signal penetration. This
d:lay will be of an amount which compensates for the
additional path lengths resulting from the variation of
antenna scan angle. However, the introduction of such
delay is extremely complex, difficult to accurately con-
trol and would require excessive antenna depths.

A somewhat simplified solution has been to introduce
0° to 360° phase shifters over the surface of the an-
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tenna to compensate for the path length variation which
exceeds an integral number of full wave lengths. Since
this solution does not actually compensate for the true
time delay of the prism effect, will only pfovide comi-
pensation over a narrow band of frequencies. Thus, while
it will broaden the bandwidth of operation to some ex-
tent, it will fail to achieve significantly increased band-
width of operation, in the order of at least 10% about
the mean operating frequency, as is the objective of the
instant invention,

My invention avoids the limitations of the prior art
systems by the utilization of a novel feed structure where-
in the individual signal components comprising the de-
sired bandwidth of operation are phase and frequency
coordinated at the feed fo compensate for the antenna
surface prism effect resulting from scan angle variations.
I have found that such compensation may be accurately
obtained by establishing a plurality of signal feed points
within the focal plane of the antenna systems, which each
of the signal feed points corresponding to a different fre-
quency source within the desired bandwidih of system
operation. The phase and location of the individual sig-
nal feed points are properly coordinated so as to com-
pletely eliminate or effectively reduce the prism effect,
and its attendant bandwidth limitations. The establish-
ment of such signal feed points may be broadly consid-
ered as analogous to an additional prism which disper-
sively presents the multi-frequency components to the
antenna surface in a manner which will compensate for
the dispersive effect that is introduced by the antenna
surface. The combined effect of the two prisms serves
to cancel out the frequency dependent dispersion, there-
by resulting in the orientation of the antenna beam pat-
tern in the desired direction in space. i

I have, however, determined that the requisite dis-
placement between the individual signal feed points which
are to be established within the focal plane may be less

than the minimum dimensions of practically realizable -

elements. Specifically, the feed is usually constructed of
horn radiators. As is well known, such feed horns must
usually have an aperture dimension in the order of at
least a half wavelength, in order to achieve efficient sig-
nal transmission and propagation. However, the solution
presented by the instant invention may oftentimes re-
quire the establishment of individual signal feed points
closer together than this half ‘wavelength displacement.

~This is solved in an extremely advantageous manner
by the utilization of what I term Huygens principle
sources. According to this well established principle (see,
for example, Optics, Francis Weston Sears; Principles
of Physics Series, Addison-Wesley Press, Inc., Cam-
bridge, Mass., Third Edition, 1949, pages 5-6), a point
source of wave energy may be considered as a source
of small secondary wavelets. Thus, just as Huygens prin-
ciple permits the construction of the secondary wave
front by generating an envelope of wavelets emanating out
from the point source, I propose to conversely establish a
point source by the proper phase and frequency coordina-
tion of a plurality of secondary feed members. Hence, it is
seen that the actual feed meémbers which I use to estab-
lish the equivalent Huygens sources may be practical
members, being displaced by at least a half wavelength
from each other, while their equivalent feed points at
the focal point may have a considerably closer effective
placement. As, for example, such equivalent feed points
may be as close as ¥4 of a wavelength apart.

The feed system includes a coordinated array of indi-
vidual - feed members displaced from the focal plane of
the antenna systenr. Considering one of the frequency
components associated with the feed system, the phase
of that frequency component at each of the feed mem-
bers is properly adjusted such that the feed members
additively correspond to the wave front of a feed point
of that frequency located at the desired point within the
focal plane of the antenna system. Likewise, the phase
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of the other frequency components, which comprise the
desired bandwidth of operation of the antenna system,
are similarly adjusted such that they collectively define
a plurality of feed points, within the focal plane. The
location of these feed points is predetermined to com-
pensate for the prism effects of the antenna surface when
operating at a non-broadside condition, in satisfaction
of the objectives of my invention. As; for example, the
location of the individual frequency point sources is de-
termined to properly coordinate their respective antenna
beams, with the antenna scan angle. It is still also Te-
quired that these phase of the individual frequency com-
ponents be properly coordinated. This may be achieved
by adding or subtracting phase simultaneously to the
feed member signals corresponding to the establishment
of a particular signal feed point within the focal plane.
This will serve to effectively change the phase of the
signal emanating from the feed point, with respect to the
other feed points, while still maintaining the proper loca-
tion of that feed point within the local plane. '

The establishment of Huygens sources, in accordance
with the preferred objectives of my invention advan-
tageously permits a considerable degree of flexibility as
to the relative location and phase of such sources. As the
angle of antenna scan varies, the required location of the
signal feed points within the focal plane must corre-
spondingly be relocated to properly compensate for the
antenna prism effect. The instant invention permits this
by changing the phase of the signals associated with each
of the Huygens source feed members, That is, the loca-
tions of the established feed points, as well as their rela-
tive phase, may be changed without necessitating actual
physical relocation of the feed members, or any of the
other components combinedly defining the antenna system.

In the particular embodiment selected to illustrate the
basic concepts. of my invention, individual filter-phase
networks are provided for each of the Huygen source feed
members. The filter-phase network includes a number of
branches corresponding to the separation of the desired
signal bandwidth into its constituent frequency compo-
nents. Each of the branches includes a filter, and a phase
shifter. The filter-phase networks serve to separate the
overall signal frequency bandwidth into individual fre-
quency sub-bands, adjust the relative frequency of each
of these sub-bands, and then recombine the signal. The
phase adjusted signals will then effectively establish a
plurality of feed points within the focal plane. The phase
shifters are properly coordinated, in conjunction with the
positioning of their associated feed horn members, to
effectively establish the focal plane point sources in ac-
cordance with Huygens’ principle. The position and phase
relationship of the feed members are predeterminedly
controlled to establish the feed points in a manner which
will compensate for the signal narrowing prism effect of
the antenna array. ‘

It is therefore seen that the basic concept of my inven-
tion resides in providing a novel feed system for improv-
ing the bandwidth capabilities, with such improvement
being provided by the establishment of a plurality of in-
dividual feed points within the antenna focal plane, lo-
cated to compensate for the bandwidth reducing prism
effect resulting from angle of antenna scan path length
deviations. ’

It is therefore a primary object of this invention to
provide broad band antenna systems of increased capa-
bilities. -

A further object of this invention is to provide an an-
tenna system wherein the prism effect resulting from non-
broadside operation thereof is compensated for by an
adjustment within the signal feed for introducing an
equivalent real time delay. .

~ Another object of this invention is to establish, within
an antenna system, a plurality of signal feed points, each
associated with different frequencies within the desired
bandwidth of operation.
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An additional object of- this invention is to provide
such a feed system, wherein the phase and location of the
respective signal feed points corresponding to various ones
of the frequency components is adjustably controlled.

Still a further object of this invention is to provide a
feed means within such an antenna system, wherein the
phase and frequency adjustments are coordinated to com-
pensate and correct for the prism effect of the antenna
surface corresponding to non-broadside operation.

Still another object of this invention is to provide signal
feed means for establishing a signal feedpoint, with such
signal feed means being located remote from the signal
feed point and being established in accordance with the
Huygens’ principle distribution of electromagnetic energy
at said signal feed point.

Still an additional object of this invention is to pro-
vide, within an antenna system, a plurality of signal feed
points at the focal plane thereof, with such feed points
being established by a plurality of feed horn radiators dis-
placed from the focal plane and being phase coordinated
to establish the equivalent of said feed points within the
focal plane in satisfaction of Huygens’ principle.

These as well as other objects of the instant invention
will readily become apparent after reading the following
description of the accompanying drawings, in which:

FIGURE 1 is a perspective view of an antenna system
constructed in accordance with the teachings of my in-
vention and shown in conjunction with the phased array
antenna surface of my aforementioned U.S. patent appli-
cation Ser. No. 244,089,

FIGURE 2 is an end view of the novel feed system of
the instant invention, shown looking in the direction of
the lines 2—2 of FIGURE 1.

FIGURE 3 is a simplified schematic representation
showing the manner in which a variation of frequency will
change the beam pattern of an antenna system operating
at broadside.

FIGURE 4 graphically shows the antenna beam pattern
corresponding to FIGURE 3.

FIGURE 5 is a simplified schematic representation,
similar to FIGURE 2, but showing the non-broadside op-
eration of the antenna system corresponding to a scan
angle 4.

FIGURE 6 graphically shows the beam pattern of the
antenna system of FIGURE 5, and illustrates the adverse
prism affect on beam directivity.

FIGURE 7 schematically illustrates the manner in
which path length differentials corresponding to non-
broadside operation of the antenna system array gives rise

to the effective frequency narrowing of the antenna beam &

pattern. ‘

FIGURE 38 schematically shows, in a somewhat sim-
plified manner, the variation of scan angle with frequency,
corresponding to a feed located at the antenna focus point.

FIGURE 9 schematically shows the variation of scan
angle with the location of the feed source within the focal
plane, the frequency of operation remaining constant.

FIGURE 10 schematically shows how the deviations of
FIGURES 8 and 9 may be combined in accordance with
basic conceptual contribution of the instant invention, to
compensate for the antenna prism effect.

FIGURE 11 is an extremely simplified representation,
showing the analogy of the instant invention to the dis-
persion of polychromatic light by a prism, and illustrating
the manner in which the instant invention serves to com-
pensate for the prism effect.

FIGURE 12 is a schematic representation illustrating
the Huygens’ principle establishment of a plurality of feed
points within the focal plane of the antenna system, by
a plurality of feed horns displaced from the focal plane.

FIGURE 13 is a block schematic indicating the manner
in which the individual Huygen’s source feed members of
the instant invention may be interconnected and coordi-
nated.

3,408,653
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FIGURE 14 illustrates the phase relationship between
the signal components associated with each of the Huygens’
source feed members comprising the movel feed system
of the instant invention. .

Referring to FIGURE 1, antenna system 20 comprises
a reflecting surface 30 and a signal feed 40. Feed 46 is
typically shown secured to the reflecting surface 30 by
side supports 42.

Considering antenna system 20 in the transmit mode of
operation, the wave signal rays.emanating from feed 40
will illuminate the entire antenna surface 30, and will be
reflected therefrom as a beam of electromagnetic energy
60 directed in the desired angular orientation, 6, in space.
The individual rays of the feed signal over the surface of
antenna 30 are properly phase controlled such that the
additive phase effect of the signals emerging from each
of the individual channels 32 will provide a uniform phase
front directed in space, in the desired scan angle. .

Reflecting surface 30 may be formed of a plurality of
adjacently positioned radiating elements 32 mechanically
supported by a platform 48. An electrical antenna surface
is combinedly formed by adjusting the phase of the signals
associated with the radiating elements 32, to additively
direct the antenna beam in space along the scan angle 6,
as is the subject of and is fully described in my afore-
mentioned U.S. patent application 244,089. It should be
recognized, however, that the application of the instant
invention is not limited to such an antenna array, and may
be practiced in conjunction with numerous other antenna
systems.

In accordance with the instant invention, antenna feed
40 is formed of a coordinated array of individual radiating
members such as horns, shown as HS;, HS,, HS;, . . .
HS,, as shown in the end view FIGURE 2. These in-
dividual horns or feed members are then interconnected
by feed lines, generally shown as 44, to a coordinated
control network 46. The coordinated control network
properly adjusts the signal components associated with
each of the individual feed member sources HS; through
HS, to remotely establish individual signal feed points,
shown as P; through Py. The feed points established by
feed 40 are electrically located in the focal plane of the
antenna system 28, shown by line 5¢, with the focus
thereof 52 shown at the intersection of focal plane 50 and
principal axis 55 of the antenna system. The control net-
work 46 is in turn interconnected to transmitter/receiver
56, to provide operation of the antenna system 29 in either
of the transmit or receive modes, or in combined trans-
mit-receive mode. In the latter case, routing of the signals
being transmitted and received between the antenna, trans-
mitter and receiver is obtained by comventional devices,
including circulators, duplexers, etc. (not shown).

Antenna system 20 is of a type which has the capabilities
of electrically re-orientating the direction of its associated
antenna beam 60 in space, such that the scan angle ¢ varies
without physically repositioning the reflecting surface 30.
This is to be contrasted to the well known scanning
antenna system, wherein the reflective surface, typically
being a parabola, is physically moved in accordance with
the required direction of beam orientation. In antenna
systems which physically re-direct the antenna surface, the
bandwidth of the system is ideally unlimited, and in prac-
tice limited essentially by the bandwidth of the associated
signal processing components (e.g., receiver, transmitter, -

5 circulators, etc.). Such systems, however, are severely

limited in application. Considerably more stringent oper-
ating conditions may be met by electrical scanning tech-
niques. In such antenna systems the re-orientation of the
scan angle results in non-broadside operation. This causes
variations of traversed path lengths of the signal rays over
the extremes of the antenna surface, which in turn limits
the bandwidth of operation.

To understand the manner in which my invention com-
pensates for this previous bandwidth limitation, and serves
to effectively increase the broad band capabilities of an
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antenna array, reference is now made to FIGURES 3-11
which will be used in developing the theoretical basis for
the operation of the instant invention.

Referring initially to FIGURE 3, consider a signal feed
located at the focal point 52 of the antenna surface 30,
and shown in the broadside condition. Signal feed 52 will
be typically transmitting a signal over a band of fre-
quencies centered at mean frequency F, and including
higher and lower frequency components F, and Fj respec-
tively. The wave energy emanating from source 52 will
illuminate the entire surface of the antenna 30, as typically
shown by incident 62, 64, 66. These waves will be reflected
from the antenna surface 3@ as waves 72, 74, 76, respec-
tively, which will additively determine an anteana beam
pattern in the broadside direction. This antenna beam
pattern will exhibit a uniform phase fromt in space, in
the desired direction. For example, a zero phase relation-
ship is shown by line 80, corresponding to this condition
at the mean frequency Fg. At frequencies slightly higher
and slightly lower than this mean frequency, the beam
pattern and its direction will be maintained, with the only
tesult being a variation of the distance along the beam
pattern at which zero phase front will be periodically
located. Lines 82 and 84 show a typical interrelation of
the zero phase front for the frequencies F; and F, respec-
tively. FIGURE 4 shows the beam paitern of an antenna
beam in the broadside direction, as shown in FIGURE 3.
The horizontal axis 90 represents angle of scan and the
vertical axis 92 represents relative signal strength. It is to
be noted that the beam patterns for the individual signal
components F,, F; and F, are effectively superimposed
and shown as curve 94.

Turning now to FIGURE 35, let us now censider the
situation corresponding to non-broadside operation of the
antenna array 30. The signal feed is still shown located
at the focal point 52. The antenna surface 38 is now, how-
ever, adjusted such that the angle of beam orientation will
be 6. The plurality of individual rays which illuminate the
antenna surface 3¢ and are reflected therefrom to com-
binedly form the fransmit antenna beam pattern are
typically shown as 92, 94, 96 and 98. These rays are, in
turn, reflected by the antenna surface 39, as 93, 95, 97 and
99 respectively. Note, however, that the overall path
traversed by signal ray 92-93 is substantially greater than
the path traversed by a ray such as 94-95 which is in-
cident at the center of the antenna array 30. Similarly, the
path lengths 26-97 and 98-99 are progressively shorter.
Thus, a path length variation will be effected along the
surface of the antenna array, corresponding fo a non-

broadside condition of operation. This path length varia- |

tion will serve to introduce a definite time delay to signals
which are incident over various portions of the antenna
surface. Considering such a time delay with respect to the
band of frequencies over which the antenna system is in-
tended to operate, it is recognized that such an actual
time delay corresponds to a variation of wavelengths, or
phase delay at each of the operating frequencies. This, in
turn, will result in a deviation of the angular orientation
of the antenna beam corresponding to deviations from the
mean frequency Fo. Typically, the antenna beam at the
mean frequency F, will have a uniform phase front in
the direction shown by line 101. At a frequency slightly
differing from the mean frequency Fy by an amount AF,
the uniform phase front will be orientated in a slightly
different direction as shown by the line 103. At a substan-
tially higher frequency, as for example, F;, the angular
orientation of the beam pattern will be significantly varied
as shown by the uniform phase front represented by line
105. :

Reference is now made to FIGURE 6, which shows
the beam patterns corresponding to that shown in FIG-
URE 5. The beam pattern for the mean frequency Fo
is shown by curve 197. 1t is noted that this curve is cen-
tered about the antenna scan angle ¢ shown as abscissa
point 108. The beam pattern for the somewhat higher
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2 .
frequency Fo-+AF is shown by the curve 129, and is dis-
placed along the X axis a slight amount from the de-
sired scan angle 6. The beam pattern of frequency F,
which substantjally differs from the mean frequency Fo
will be considerably displaced from the scan angle 6, as
shown by curve 111. The composite beam characteristics
of all the individual frequency components which com-
prise the intended bandwidth of antenna system opera-
tion, and includes such end extreme frequencies as Fy,
is shown by a curve 113. This curve does not have a well
defined shape, as is required for accurate antenna opera-
tion, and therefor corresponds to an unacceptable con-
dition of signal propagation and target analysis. It is this
dispersing out of the beam patterns associated with the
individual frequency components, comprising the signal
bandwidth, that is known as the prism effect, and has here-
tofore resulted in a substantial narrowing of the band-
width capabilities of such antenna systems. -

Considering now the magnitude of the prism- effect,
reference is made to FIGURE 7, wherein the antenna
array 30 is shown as extending a length L from the cen-
tral point 51, along its principal axis 55. Although a
linear array 30 is shown, this is merely to simplify the
ensuing analysis. It should be recognized that the ana-
logous situation will result upon a full consideration of
the planar array, as is shown in FIGURE 1. For pur-
poses of the present analysis of FIGURE 7, it is assumed
that the antenna array 30 is directed along the scan angle
o, and is receiving a pulse of energy having a bandwidth
T. The propagation of electromagnetic emergy in free
space is such that one microsecond of pulse widih corre-
sponds to 500 feet of radar range. Hence, the narrower
the pulse width which may be received and properly
processed by the antenna system, the greater the degree
of resolution is provided. However, it is also known that
the required bandwidth for properly reproducing the pulse
is inversely proportional to the pulse duration. At the
scan angle ¢, corresponding to the non-broadside opera-
tion of the antenna system, the difference in distance tra-
velled between a ray directed to the center of the antenna
51, and that directed to an end extreme 56 of the an-
tenna, is given by the relationship

¢))

This variation in distance A1 in turn introduces a real time
delay in the signal rays incident at the end extremes of
the antenna. The antenna bandwidth had to be limited
such that the pulse width T is greater than Al. If this
condition were not satisfied, the pulse signal received at
the center of the antenna 51 will be terminated prior to
the signal being received at the end extreme 56.

One way in which the prior art has suggested remedy-
ing this problem is to judiciously change the depth of
penetration about the antenna surface 30, and hence pro-
vide compensating delay. As, for example, the array ele-
ment at central point 55 can be modified such that the
ray energy incident thereat will be entered an additional
amount into the antenna array 30 and reflected therefrom
equal to the length Al. Similarly, the additional length
introduced by the antenna array intermediate central point
51 and end extremes 56, 57 progressively decreases, sO
as to maintain the same effective path length for incident
energy over the entire surface of array 30. The modifica-
tion of the surface 30 to achieve this compensation is ex-
tremely difficult, costly and quite space-consuming. Con-
sidering a typical antenna system wherein length L cor-
responds to 10 feet, Al for a scan angle of 45° will cor-

Al=L sine ¢

-respond to approximately 7 feet. It is to be further rec-

ognized that the required path length differential of the
antenna array to introduce the requisite amount of real
time delay will be dependent on the particular angle of
scan. .

As a somewhat simplified and less space-consuming
arrangement, it has also been suggested by the prior art
that the additional amount of delay introduced in the re-
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flective surface be provided by phase shifters, which com-
pensate for the amount that the path length deviates from
an integral number of wave lengths. Such a compensating
arrangement, however, will only operate at a particular
frequency or narrow band of frequencies, inasmuch as
the correlation of path length to wave length is propor-
tional to the frequency of operation.

I have found, however, that the effect of a compensat-
ing real time delay may be introduced in a much more
simplified, and easily controllable manner, by varying
the feed, rather than the antenna array.

It may be mathematically shown that a result of such
signal path differentials, the impulse of energy received
by the feed located at focal plane 52, corresponding to
illumination of the antenna array 30 by a pulse of band-
width T and of unity amplitude will be reduced in ampli-
tude by the factor and will be spread out in frequency

_r
L, .
T+6 (sin 6) @)

to include a bandwidth as represented by

L, .
T4 el (sin 6) (3)
where: C is the velocity of propagation of the electro-
magnetic wave.

If, however, additional receiving channels are located
along the focal plane of the antenna, as shown at points
58 and 59, and these channels are properly filtered and
phase coordinated, it is possible to restore the signal
bandwidth and pulse shape even under those conditions
where

L

CXsin ¢

is much greater than the pulse width T. Considering the
source at 59, lying along the focal plane and angularly
separated from the principal axis 55 by the angle p.s.i.,
its received signal will correspond to that received at
focal point 52, except that the frequency of this pulse
will be centered at

Fo/(14-sin 4/sin 8) 4)

This frequency, being a lower frequency than the mean

frequency F, of the signal impulse received at 52, may
be simplified and represented by the expression

Fy—B/2 (where B is the signal bandwidth)  (5)

Similarly, if a receiver at point 58 equally displaced from
focal point 52 as is receiver 59, the output is a rectangu-
lar pulse about the center frequency

Fo+B/2 (6)

It can be proven that if sufficient receiving channels
are placed along the focal plane 50 and properly fre-
quency and phase coordinated, the entire pulse spectrum

will be recaptured. In particular, I have determined that
the manner of such channels should preferably be equal to

(z4gemo)/T %)

and the bandwidth of each channel is given approxi-

mately by :
T / (T+§ in a)B
¢ St (8)

By proper spatial and frequency filtering, such a feed
system will provide the equivalent of a true time delay,
to compensate for the prism effect at the array surface
30. Hence, the pulse energy, pulse shape, noise band
width and antenna directivity will be preserved, with the
bandwidth now being theoretically determined by the as-
sociated signal processing components (receiver, trans-
mitter, directional couplers, circulators, etc.). :
FIGURES 8-10 represent.a simplified analysis of the
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solution proposed by my invention, and are herein pre-
sented to facilitate the theoretical discussion of the man-
ner in which I achieve prism effect compensation. Re-
ferring first to FIGURE 8, a feed located at focal point
52-is shown emitting signal rays corresponding to the
mean frequency Fy and an end frequency F,; within the
bandwidth of desired antenna system operation. Accord-
ing to the prism effect, as theoretically discussed above,
the signal at the mean frequency F, will be directed out .
into space in the desired scan angle direction 4, as shown
by ray 112. The antenna beam corresponding to fre-
quency Fj, however, will be directed out into space at
a’ somewhat differing scan angle as shown by the ray
112, with the difference in angular direction of their asso-
ciated antenna beams being given by the relationship

_ F1—'Fo> -
AFB—(————FO tan 6 (9) ‘

Referring now to FIGURE 9, consider what happens
when ‘a signal source 52’ displaced from the focal point
52 by an amount E emits a signal at the mean frequency
Fy. The antenna beam pattern will now be in the direc-
tion shown by ray 118, with its angular deviation from
ray 112 (corresponding to a similar frequency source at
the focal point 52) being given by the relationship

AE9=E sec ¢ (10)

In accordance with my invention, it is proposed that
the deviation in frequency as shown in FIGURE 8 be
compensated for by an appropriate movement of the
source corresponding to frequency Fj, in the focal point,
to provide a readjustment of angular direction, as shown
by FIGURE 9. That is, referring to FIGURE 10, the
source of frequency F; shown located at 120 is displaced
within the focal plane a distance equal to EF;, with EF,
being obtained by setting Equation 9 equal to Equation
10, resulting in the solution that .

s Fo—F,
Be,=sin 0 (7. ) n
Thus, it is seen for a particular change in frequency from
the mean frequency F,, the compensating displacement
of its associated feed 120 from the focal point 52 is re-
lated to both the angle of antenna scan ¢ and the devia-
tion from the mean frequency (F1—Fy).

In accordance with the subject invention, the individual
signal components of the antenna system bandwidth of
operation are separated into individual sources located
along the focal plane 50 of the antenna system, with each
of the sources satisfying the relationship expressed by
Equation 11. This will serve to insure that all the fre-
quency components are directed in the proper scan angle,
and accordingly satisfying the conservation of energy re-
quirements. In addition to satisfying this requirement, it
is also necessary that there be a proper phase relation-
ship of the beam pattern associated with each of the indi-
vidual frequency components. By so insuring proper fre-
quency and phase coordination along the focal plane 50
to compensate for the prism effect of antenna array sur-
face 30, the proposed solution may be analogized to com-
pensating prisms, as shown in FIGURE 11. The prism
30’ may be analogized to antenna array surface 30, and
the prism 50’ to the novel feed means of my invention.
Should a ray of multi-frequency signals, as characterized
by the pulse shown in FIGURE 7 and represented by the
arrow 130, strike the prism side 301, it will be separated
into individual frequency components and dispersed out-
ward at opposite side 30-2, as shown my rays 132-138.
The dispersed rays which are received along surface 50-1
of compensating prism 50’ are recombined within that
prism and emerge as a singly directed ray 140 at surface
50-2. In effect, the manner in which the plurality of phase
and frequency coordinated feed points of the instant in-
vention are located within the focal plane of the antenna
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system may be broadly analogized to the compensating
effect. of prism 50’ shown in FIGURE 11.

It has been found, however, that these signal feed points,
in order to satisfy the requirements imposed by my solu-
tion to the problem of antenna surface prism effect,
oftentimes necessitate a placement of one-tenth of a wave-
length or even closer between the adjacent signal feed
points. As is well known, efficient horn radiators, which
will be typically used at the antenna feed, must be at least
in the order of a half wavelength across their aperture
end. In order to solve this dilemma of having a closer
displacement of signal feed points than is feasible with
practically realizable components, I have proposed a net-
work of horn radiators displaced from the focal plane
and phase and frequency coordinated to establish effective
feed point at the focal plane in accordance with a Huygens’
principle distribution of their associated frequency com-
ponents. FIGURE 12 shows the manner in which the
plurality of signal feed points P;, Py . .. Py may be
established within the focal plane 50 by remotely located
Huygens source horns HS;-HS,.

In accordance with Huygens’ principle a point source
such as P, of energy located within the focal plane 50
may be considered as a source of secondary wave-
lengths, spreading out from that point and having a
velocity equal to the velocity of wave propagation. To
find the wave front at a later instant, the surface of sec-
ondary wave lengths may be constructed lying along the
surface defined by the line 150, with this wave con-
stituting the envelope of the wavelets so established by
an effective point source P;. 1 now propose that con-
versely the equivalent phase distribution of such a source
at P, may be determined and established by individual
‘horn radiators HS; HS, . . . HS, lying along surface
150, and having a phase coordination corresponding to
that which would have been established by a point source
at P,. As far as the antenna array 3@ is concerned, the
energy associated with such secondary sources HS; HS;
. . . HS, serves to effectively establish a point source at
P,. Similarly, each of these secondary sources (HS; HS,
. . . HS,), which I term Huygens’ sources, are fed the
proper phase coordinated frequency components of the
individual feed points (P;, Py Ps . . . Py), which are
to be established along the focal point 50, with such
phase control being properly coordinated to the desired
antenna scan angle ¢ by control network 46, which in
turn is connected to transmitter receiver 56.

Reference is now made to FIGURES 13 and 14,
which illustrate the intercomnection and control of the
Huygens’ sources, as well as the frequency phase rela-
tionship of the signals associated with each of the Huygen
feed source horns. Considering the transmit mode of op-
eration, common transmitter 150 presents an output sig-
nal to branch junction 151. Branch junction 151 is in
turn connected to the control network 46, comprising
filter-phase networks 160-1 169-2 . . . 160-« with one
such network being provided for each of the Huygen
source horns HS; HS, . . . HS, respectively. The filter
‘phase network includes a number of branch arms, cor-
responding to the frequency division of the signal band-
width, and shown equal to the desired number of point
sources to be established within the antenna focal plane.
Each of the branch arms includes a narrow pass band
filter Fy, Fo, F3 . .. Fy, as well as a phase adjustor
PH,, PH,, PH; . . . PHy. The phase adjustments of the
individual phase controls are interconnected to a phase
control unit 170, which provides the necessary phase ad-
justment, in accordance with the scan angle prism effect
compensation, with the phase adjustments being graphi-
cally shown in FIGURE 14.

Considering the operation of filter phase network
160-1, its input terminal 162 is connected to branch junc-
tion 151. The antenna signal enters input terminal 162.
The signal component corresponding to the frequency
F, will be circuit directed across the branch arm F,~PH,,
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with phase .adjustment PH; being controlled to provide
the relative phase adjustment indicated by point 17¢ of
FIGURE 14. Similarly, the component of frequency F,
will be circuit directed across the branch arm Fo—PH,
and receive a relative phase adjustment indicated by
point 172 of FIGURE 14. The frequency components Fy
and F, of the signal bandwidth are similarly transmitted
via their respective branch arms and receive the desired
phase adjustments as shown by points 174, 17¢ of FiG-
URE 14. The individual signal components travel across
their respective branches from input terminal 162 to out-
put terminal 196¢ in the manner of a travelling wave ar-
ray, such that all of the signal components will traverse
an equal path length within their respective filter-phase
networks. Dummy loads 18¢ and 184 are preferably pro-
vided in the filter phase network to dissipate portions of
the signal which are not transmitted to output terminal
190 of the filter phase network.

It is understood that the common junction 151 feeds
the other filter phaser networks 168-2, 160-3 . ..
160-u corresponding to their respective Huygen sources,
with the relative phase adjustments of each of the fre-
quency components of the signals associated with the in-
dividual Huygen sources being typically represented by
the curves of FIGURE 14. In the establishment of the
relative phases, it should be again noted that the phase
between respective ones of the same frequency com-
ponents (e.g. Fy) of the various Huygen sources (as
shown by points 176, 170-2, 178-3, 1704 . . . 170-u)
serve to locate its associated feed point (P;) within the
focal plane 50. Once so located, equal phase o may be
added to or subtracted from all of the phase shifters of
that frequency (as shown by points 190-1, 190-2, 190-3,
190-4 . . . 190-u), thereby serving to change the rela-
tive phase of its frequency source P; with respect to the
other frequency sources, while still maintaining the loca-
tion of the frequency source within the focal plane 50.

There is a loss of energy resulting from the coupling
components and also from the phase shifters and filters
of the system which is used to individually adjust the
frequencies to each of the feed radiators. This loss of
energy should preferably be compensated for by individ-
ual transmitter amplifiers 195 associated with each of the
feed horns. These transmitter amplifiers 195 naturally
will be of the frequency band required of the overall
system, as shown by the end extremes 196, 198 of FIG-
URE 14.

1t is therefore seen that by proper phase adjustments
of the signal frequency components separated out by
filter-phase networks 160, a plurality of signal feed points
will be effectively established within the focal plane S0
in a manner which will provide proper direction of the
associated antenna beam, as well as maintaining proper

" phase relationship between the individual signal fre-

quency components. Although I have described one form
of my novel invention, it should be naturally understood
that many variations and modifications will now be ob-
vious to those skilled in the art. For example, although
the embodiment shown has demonstrated significant ap-
plication in the microwave frequency range, its novel
concepts may be practiced in other frequency ranges, and
in conjunction with reflection, refraction and transmis-
sion type systems. Accordingly, I prefer to be limited not
by the specific disclosure herein but only by the ap-
pended claims.

_The embodiments of the invention in which an ex-
clusive privilege or property is claimed are defined as
follows.

1. An antenna system characterized as having the prop-
erty of selectively directing the orientation of its associ-
ated antenna beam in space, the antenna beam formed
of a plurality of frequency-separated signal components
additively defining a desired bandwidth of antenna sys-
tem operation; said antenna system comprising: a signal
impinging surface; a signal feed operatively positioned
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such that the signal components of the antenna beam
traverse a path intermediate said signal impinging sur-
face and feed, said signal impinging surface, and the
selected direction of space orientation; said signal im-
pinging surface defining an aperture plane, said aperture
plane forming an angle with the direction of antenna
beam orientation, said angle varying in accordance with
the selected beam orientation, the variation of said angle
affecting a variation of the paths traversed by individual
ones of the frequency-separated signal components, with
said path variation serving to narrow the effective band-
width of the antenna beam, said signal feed including con-
trol means for compensating for said path variations.

2. The antenna system as set forth in claim 1, wherein
said control means includes means for establishing a plu-
rality of feed points, each associated with different ones
of said signal components, and for selectively locating
said feed points to compensate for the path variation of
its respective signal component.

3. The antenna system as set forth in claim 2, further
including means for adjusting the relative phase of the
signal components associated with respective ones of said
feed points.

4. An antenna system characterized as having the prop-
erty of selectively directing the orientation of its associ-
ated antenna beam in space, the antenna beam formed
of a plurality of frequency-separated signal components,
additively defining a desired bandwidth of antenna sys-
tem operation; said antenna system comprising: a signal
impinging surface; a signal feed operatively positioned
such that the signal components of the antenna beam
traverse a path intermediate said signal impinging surface
and feed, said signal impinging surface, and the selected
direction of space orientation; said signal feed located
within a focal plane relative to the beam directing sur-
face formed by said signal impinging surface; said signal
impinging surface defining an aperture plane, said aper-
ture plane forming an angle with the direction of antenna
beam orientation; said angle varying in accordance with
the selected beam orientation; the variation of said angle
affecting a variation of the paths traversed by individual
ones of the frequency-separated signal components, with
said path variation serving to narrow the effective band-
width of the antenna beam; said signal feed including con-
trol means to compensate for said path variations; said
control means including means for establishing a plural-
ity of feed points within said focal plane, each associated
with different ones of said signal components, and for se-
lectively locating said feed points within said focal plane
to compensate for the path variation of its respective sig-
nal components; said signal feed means including a plural-
ity of feed members displaced from said focal plane,
and operatively associated to combinedly establish said
feed points at the focal plane.

5. An‘antenna system as set forth in claim 4, said signal
feed points having a minimum spaced separation corre-
sponding to a first distance, said feed members having a
minimum spaced separation corresponding to a second
distance, said second distance substantially greater than
said first distance.

6. An antenna system, as set forth in claim 4, said
signal feed means including phase control means for ad-
justing the relative phase of the individual ones of said
signal components associated with respective ones of said
feed members, the relative phase adjustment of said feed
members serving to combinedly establish the equivalent of
said feed points within said focal plane, in satisfaction
of Huygen’s principle. i
. 7. An antenna system as set forth in claim 6, wherein
the adjustment of the relative phase associated with a par-
ticular one of said signal components at each of said
signal feeds, establishing a particular location within said
focal plane of the signal feed point for said particular
component, the adjustment by an equal amount of the
phase associated with said particular component, at each
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of said signal feeds, maintaining said particular location
of its feed point, while varying the phase of said feed
point relative to the other feed points corresponding to
the others of said signal component, whereby said phase
control means provides both proper orientation in space
of each of said signal component, and the proper relative
phase relationship between said signal components to pre-
serve the characteristics of an antenna beam pattern over
said desired bandwidth.

8. An antenna system as set forth in claim 6, wherein
said phase control means includes a filter-phase network
for each of said feed members; said filter phase network
including circuit means to separate said bandwidth into
said signal components, and independently adjust the rel-
ative phase of its associated signal components,

9. An antenna system as set forth in claim 7, wherein
said phase control means includes a filter-phase network
for each of said feed members; said filter phase network
including circuit means to separate said bandwidth into
said signal components, and independently adjust the
relative phase of its associated signal components.

16. An antenna system as set forth in claim 8, wherein
said filter-phase network including a plurality of parallel
branch circuits, each including a filter means for limiting
its operation to a particular one of said signal components,
and phase adjust means for introducing a predetermined
phase variation within the individual branch circuits.

11. An antenna system as set forth in claim 19, further
including circuit means coupling first ends of said branch
circuits to a first common junction, and second ends of
said branch circuits to a second common junction, said
first common junction circuit connected to its respective
feed member, and said second common junctions of a
plurality of said filter-phase networks circuit connected to
a signal feed junction,

12. An antenna system characterized as having the
property of selectively directing the orientation of its
associated antenna beam in space, the antenna beam
formed of a plurality of frequency-separated signal com- -
ponents, additively defining a desired bandwidth of an-
tenna system operation, said system including: a signal
feed and a signal impinging surface for directing the
orientation of the antenna beam, said signal feed located
within a focal plane relative to the beam directing surface
formed by said signal impinging surface, means for estab-
lishing a plurality of feed points within said focal plane,
cach associated with different ones of said signal com-
ponents, and for selectively locating said feed points with-
in said focal plane, said signal means including a plurality
of feed members displaced from said focal plane, and
operatively associated to combinedly establish said feed
points at the focal plane.

13. An antenna system as set forth in claim 12, where-
in said signal feed points having a minimum spaced sep-
aration corresponding to a first distance, said feed mem-
bers having a minimum spaced separation corresponding

- to a second distance, said second distance in the order of

a half-wave length at the mean operating frequency of
said bandwidth, said second distance substantially great-
er than said first distance.

14. An antenna system characterized as having the
property of selectively directing the orientation of its
associated antenna beam in space, the antenna beam
formed of a plurality of frequency-separated signal com-
ponents, additively defining a desired bandwidth of an-
tenna system operation, said system including: a signal
feed and a signal impinging surface for directing the
orientation of the antenna beam, said signal feed located
within a focal plane relative to the beam directing sur-
face formed by said signal impinging surface; means
for establishing a plurality of feed points within said
focal plane, each associated with different ones of said
signal components, and for selectively locating said feed
points within said focal.plane; said signal means including
a plurality of feed members displaced from said focal
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plane; phase control means for adjusting the relative phase
of the individual ones of said signal components associated
with respective ones of said feed members, the relative
phase adjustment of said feed members serving to com-
binedly establish the equivalent of said feed points within
said focal plane, in satisfaction of Huygens’ principle.

15. An antenna system as set forth in claim 13, the
adjustment of the relative phase associated with a par-
ticular one of said signal components at each of said
signal components at each of said signal feeds, establish-
ing a particular location within said focal plane of the
signal feed point for said particular component, the ad-
justment by an equal amount of the phase associated with
said particular component, at each of said signal feeds,
maintaining said particular Jocation of its feed point, while
varying the phase of said feed point relative to the other
feed points corresponding to the others of said signal
component, whereby said phase control means provides
both proper orientation in space of each of said signal
component, and the proper relative phase relationship be-
tween said signal components to preserve the characteris-
tics of an antenna beam pattern over said desired band-
width.

16. An antenna system including, a signal feed means
for establishing at least first and second signal feed points,
said first and second signal feed points associated with first
and second signal frequencies, respectively; said feed
means comprising a plurality of feed members displaced
from the location of said signal feed points; means for
simultaneously feeding said first and second signals to
said plurality of said feed members; phase control means
for selectively adjusting the relative phase of said first
and second frequencies fed to individual ones of said
feed members, the relative phase distribution of the com-
ponents of said first frequency fed to said plurality of feed
members, characterized as combinedly defining the Huy-
gens principle distribution of a source of said first fre-
quency located at said first signal feed point, the relative
phase distribution of the components of said second fre-
quency fed to said plurality of feed members characterized
as combindly defining the Huygens principle distribution
of a source of said second frequency located at said second
signal feed point; a signal impinging surface for direct-
ing an antenna beam in space, said signal feed points lo-
cated within a focal plane relative to the beam directing
surface formed by said signal impinging surface, the
adjustment of the relative phase of said first and second
frequency components at each of said feed members, estab-
lishing a particular location within said focal plane of
the signal feed point for said frequencies.

17. An antenna system as set forth in claim 16, the
adjustment by an equal amount of the phase associated
with one of said frequency components, at each of said
feed members, maintaining said particular location of its
feed point, while varying the signal phase of said feed
point relative to the other feed. points corresponding to
another of said frequencies.

18. An antenna system as set forth in claim 17, said
phase control means includes a filter-phase network for
each of said feed members; said filter phase network in-
cluding circuit means to separate said first and second
frequency comporents, and independently adjust the
relative phase of its associated signal components.

19. An antenna system as sct forth in claim 18, said
filter-phase network including a plurality of parallel
branch circuits, each including a filter means for limiting
its operation to a particular one of said signal com-
ponents, and phase adjust means for introducing a pre-
determined phase variation within the individual branch
circuits.
~ 20. An antenna system as set forth in claim 19, circuit
means coupling first ends of said branch circuits to a
first common junction, and second ends of said branch
circuits to a second common junction, said first common
junction circuit connected to its respective feed member,
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and said second commcn junctions of a plurality of said
filter-phase networks circuit connected to a signal feed
junction.

21. An antenna systen, including a stationary array of
signal radiating means, combinedly defining an antenna
surface; a signal feed remotely positioned from said
antenna surface; scanpming means for predeterminedly
varying the electrical characteristics of said antenna sur-
face, as presented to a siginal source associated wih said
signal feed; a focal plane defined by the electrical charac-
teristics of said antenna surface; said antenna surface
operatively directing said signal source between said
signal feed and an antenna beam having a predetermined
angular orientation in space; said scanning means serving
to change said angular orientation; said signal source
having a desired bandwidth, about a mean frequency;
said antenna surface, while adjusted for a particular
angular orientation at said mean frequency, presenting
different electrical characteristics to other of its fre-
quency components within said desired bandwidth where-
by the effective angular orientation of said antenna surface
for said other frequencies differs from said particular
angular orientation corresponding to said mean frequency,
with said difference tending to reduce the effective band-
width capabilities of the antenna system; the improve-
ment comprising control means within said sgnal feed
for compensating for said difference such that an antenna
beam in said particular direction effectively includes all
of the frequency components within said desired band-
width; said control means including means for establishing
a plurality of feed points within said focal plane, each
associated with different ones of the frequency com-
ponents defining said desired bandwidth of signal source
operation.

22. An antenna system as set forth in claim 21, said
signal feed means including a plurality of feed members
displaced from said focal plane, and operatively asso-
ciated to combinedly establish said feed points at the
focal plane.

23. An antenna system as set forth in claim 21, said
signal feed means including a plurality of feed members
displaced from said focal plane, phase control means for
adjusting the relative phase of the individual ones of said
signal components associated with respective cnes of said
feed members; the relative phase adjustment of said feed
member serving to combinedly establish the equivalent of
said feed points within said focal plane in satisfaction of
Huygens® principle.

24. An antenna system as set forth in claim 21, said
signal feed points having a minimum spaced separation
corresponding to a first distance, said feed members hav-
ing a minimum spaced separation corresponding to a sec-
ond distance, said second distance substantially greater
than said first distance.

25. An antenna system, as set forth in claim 21, said
bandwidth including upper and lower end frequencies;
said focal plane having a focal point; said feed points
including at least a first, second, and third feed point,
corresponding to said mean, lower end and upper end
frequencies respectively; said first feed point located at
said focal point; said second feed point located within
said focal plane, displaced from said focal point a first
distance operatively related to said particular angle of
antenna orientation and its frequency displacement from
said mean frequency; said third feed point located within
said focal plane, displaced from said focal point a second
distance operatively related to said particular angle of
antenna orientation and its frequency displacement from
said mean frequency.

26. An antenna system as set forth in claim 25, said
first and second distances extending in opposite directions
from said focal point, and being of equal magnitude cor-
responding to equal frequency separation of said upper
and lower end frequencies from said mean frequency.

27. An antenna system as set forth in claim 25, said
control means further adjusting the relative phase of the
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signal component associated with respective ones of said
feed points.

28. An antenna system as set forth in claim 25, said
signal feed means including a plurality of feed members
displaced from said focal plane, phase control means for
adjusting the relative phase of the mean frequency, upper
end, and lower end frequency component associated with
respective ones of said feed members; the relative phase
adjustment of said frequency components combinedly
establishing the equivalent of said first, second and third
feed points in satisfaction of Huygens’ principle.

29. An antenna system as set forth in claim 28, the
adjustment by an equal amount of the phase associated
with one of said frequency components, at each of said
feed members, maintaining said particular location of its
feed point, while varying the signal phase of said feed
point relative to the other feed points corresponding to
another of said frequencies, whereby said phase contirol
means provides both proper orientation in space of each
of said signal component, and the proper relative phase
relationship between said signal components to preserve
the characteristics of an antenna beam pattern over said
desired bandwidth.

30. An antenna system as set forth in claim 28, said
phase control means includes a filter-phase network for

-each of said feed members; said filter phase network
including circuit means to separate said signal source into
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said mean frequency, upper end, lower end and other
frequency components, and independently adjusting the
relative phase of each signal component associated there-
with,

31. An antenna system as set forth in claim 30, said
filter-phase network including a plurality of parallel
branch circuits, each including a filter means for limiting
its operation to a particular one of said signal com-
ponents, and phase adjust means for introducing a pre-
determined phase variation within the individual branch
circuits,
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