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[ 57] ABSTRACT 

A circular or cylindrical scanning antenna array hav 
ing circumferentially spaced radiating elements fed 
substantially in phase from a source of a carrier fre 
quency with an imposed reference signal. In addition. 
an additional energy component is coupled in dis 
cretely to each radiating element through a ?xed 
phase shifter for each such element. The ?xed phase 
shifters have values beginning at zero for an arbitrary 
predetermined element location and then increasing in 
equal steps of 6 where 0 is the angular radiating ele 
ment spacing about the perimeter. The additional en 
ergy fed through these phase shifters is modulated by 
a predetermined modulation signal. to produce a single 
sideband. The result is a scanning, or rotating, ampli 
tude modulated pattern similar to that used in the 
VCR or TACAN system. 

6 Claims, 2 Drawing Figures 
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SCANNING CYLINDRICAL ANTENNA FOR A 
PHASE COMPARISON GUIDANCE SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of The Invention 
The invention relates to antenna systems, and'more 

particularly, to circular or cylindrical array systems 
producing a scanning or rotating predetermined pat 
tern. 

2. Description of The Prior Art 
In radar and other high frequency radio system appli 

cations, it is sometimes desired to radiate a symmetrical 
continuously rotating pattern having the appearance of 
amplitude modulated energy at a distant receiving sta 
tion. Examples of such a system are the so-called VOR 
and TACAN systems for direction ?nding in air naviga 
tion. 

US. Pat. No. 3,474,446 and US. Pat. application 
Ser. No. 36,050 ?led May 11, 1970, now US. Pat. No. 
3,670,336, relate to a type of electronic scanning for a 
cylindrical array antenna referred to. In the latter of 
these in particular, the theory of excitation of the ele 
ments of a cylindrical array to produce a predeter 
mined desired audio frequency modulated carrier is 
given. In general, that type of excitation is germane to 
the type of antenna system used at air navigation 
ground stations, such as VOR or TACAN. In these sys 
tems, the modulation is applied to produce a rotating 
or apparently rotating shape pattern which is detect 
able as a straight-forward amplitude modulation com 
ponent at a distant point such as in an aircraft receiving 
the signals. By making a phase comparison against a 
reference signal or reference mark, the aircraft is able 
to determine its bearing with respect to the VOR or 
TACAN ground station. TACAN differs from VOR in 
several respects, including the fact that it makes use of 
primary and a ninth harmonic modulation components 
for greater accuracy by providing a phase comparison 
vernier effect. 
Generally speaking, the prior art antenna and scan 

ning systems for effecting these results have been rela 
tively complex and expensive. 

SUMMARY 

It may be said to be the general objective of the pres 
ent invention to produce a simpli?ed and therefore less 
expensive antenna and scanning system of the general 
type adapted to VOR, TACAN, or general cylindrical 
array scanning ground station applications. 

Basically, the present invention employs a circular or 
cylindrical array in which individual elements or col 
umns of elements are arranged in juxtaposition about 
the perimeter of a circle or cylindrical surface. These 
elements are fed by a transmission line arrangement so 
that each receives a main unmodulated carrier and the 
reference signal in phase with all of the other radiators 
or columns of radiators. A small portion of the unmod 
ulated carrier signal is tapped off by means ofa coupler 
and passed through a signal-controlled continuous 
phase shifter. The control signal for the said phase 
shifter is the modulation frequency for producing a sin 
gle sideband required pattern rotation. The output of 
the controllable phase shifter is continuously phase ad 
vanced in accordance with this modulation signal, and 
that output is supplied by a second equal phase trans 
mission line network to each of the said radiators (or 
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2 
columns of radiators acting as integral linear arrays) 
through a discrete ?xed phase shifter discretely provid 
ing a phase shift proportional to the'angular position of 
each radiator from an aribtrary initial radiator position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. l’is a block schematic diagram employing an ar 
bitrary illustrative 16 antenna elements in a basic sys 
tem according to the invention. 
FIG. 2 is a sub-combination schematic illustrating a 

variation of the invention employing basic and har 
monic modulation frequencies. ' 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the block schematic diagram of 
FIG. 1, and assuming that the array is oriented essen» 
tially for azimuth scanning or pattern rotation, the view 
of radiator and feed arrangements would be essentially 
a plan view in a horizontal plane. 
For the sake of explanation without excessive dupli- ‘ 

cation of hardware, the number of antenna elements or 
radiators distributed about the circular perimeter was 
arbitrarily shown as 16 in FIG. 1. In connection with 
the invention and system as described, it is to be under 
stood that each of these antenna elements 1 through N 
can consist of a single radiating element such as a slot 
or a dipole, or the elements such as typically identi?ed 
as l, 2 and 3, and N-l and N, could also consist of a 
linear array extending in the vertical plane, thereby 
producing a cylindrical array having certain predeter 
mined beam characteristics in the elevation plane as 
well as the typical rotating patterncommonly identi?ed 
with VOR or TACAN equipment in the azimuth plane. 
The use of linear arrays as the individual elements 
about the circular perimeter of the cylindrical array is 
shown in US. Pat. No. 3,474,446. ‘The individual verti 
cally oriented linear arrays in that event, are fed from 
a transmission line having a single input feedpoint. 
Thus, for the full cylindrical array arrangement in con 
nection with FIG. 1, each individual antenna element 
may be thought of as drive point for a corresponding 
linear array of the type aforementioned. 
A source of carrier mc is introduced at terminal 4 and 

connects through a network of radio frequency trans 
mission lines and power dividers to each antenna ele 
ment. The said carrier energy passes through a first 
power division point D, which divides it equally be 
tween feedlines F1 and F2. Similarly F2 feeds F3 and F4 
through another power division point, and F5 and F6 
are fed from F3‘through still another power division 
point. Finally, F7 and F8 receive the power in F6 
evenly as do F9 and F10 from F5. The lengths of these 
various segments of the transmission and power divi 
sion network are designed such that the carrier energy 
arriving at antenna elements 1, 2 and 3, on up through 
N — 1 and N , is all in phase. A directional coupler 6 taps 
a small amount of the carrier power from 4 and feeds 
it to the variable phase shifter 10. This continuously 
controllable RF phase shifter (radio frequency phase 
shifter) may be either an analog or digital device. For 
the sake of explanation, it will be assumed to be an ana 
log device, and the signal mm is a continuous sinusoidal 
modulation frequency. 
The suitable instrumentation for this continuous con 

trol phase shift device 10 would be provided by adapta 



3,787,859 
3 

tion of the so-called Regia-Spencer phase shifter. That 
particular phase shifter is essentially an In-Waveguide 
device providing phase shift as a function of a D€ mag 
netic ?eld through its ferrite core. The said DC ?eld is 
established by the current through a solenoid coil sur 
rounding the waveguide body along at least part of the 
length of the said ferrite core within. In the present in 
vention, the modulation frequencies contemplated are 
in the low audio frequency range, and accordingly, the 
magnetic ?eld variation can be readily achieved to pro 
duce the aforementioned function of this phase shift 
device. 
Depending upon the percentage of modulation ulti 

mately designed, the ampli?er 20 may or may not be 
necessary. Generally speaking in the VCR or TACAN 
application, the ampli?er 20 would probably be neces 
sary because it is desired that the amount of carrier en 
ergy tapped off by the coupler 6 be relatively small and 
that the phase shift device 10 operate at a relatively low 
power level for economy and ef?ciency reasons. Then 
too, there is the fact that the driving point D2 is best 
supplied by a low impedance driver in view of thevmul 
vtiple power subdivisions taking place between D2 and 
the couplers Cl through CN adjacent to the individual 
antenna elements themselves. 
Without going unnecessarily into details, it will be 

seen that a transmission and distribution line system F’ 
originating from point D2 essentially parallels the F 
network previously discussed, the same subscript num 
bers applying insofar as the power distribution among 
the various antenna elements is concerned. The point 
D2 also represents a pattern pointing or instantaneous 
position signal which can be provided to the navigation 
control equipment elsewhere and converted to a refer 
ence mark. Since the system is entirelypassive between 
the point D2 and the radiators themselves, the opportu 
nity for phase drifts or other error to affect the correla 
tion'accuracy of this reference signal is minimized. 
The actual introduction of the modulated signal from 

the point D2 takes place at the couplers C1 through CN 
and the result is addition of the modulated carrier sig 
nal and the main carrier signal essentially at the individ 
ual antenna elements themselves. The result is that the 
phase of the variable phase shift device, or continu 

‘ ously controllable phase shift device 10, is advanced at 
the modulation rate com generating a single sideband 
equal to me + mm. The coupling of this single sideband 
signal into the carrier frequency transmission line net 
work immediately adjacent to the individual antenna 
elements produces a single sideband effect insofar as 
the radiated signal is concerned. 

It will be noted that the phase of the coupled side 
band is uniquely shifted by an amount varying from 
zero (or some nominal initial amount) to 360°+ the 
said initial amount in incremental steps of one 
sixteenth of 360°. Stated otherwise, individual ?xed 
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phase shift devices provide for phase shift of the said ' 
sideband signal discretely by an amount which pro 
gresses by A0 degrees over the full 360° array perimeter 
from each antenna element to the next, going in the 
same direction around the said perimeter. This differ 
ence in the value of the ?xed phase shift between adja 
cent antenna elements that is 360°/l6 in the illustra 
tion, or in other words, -it progresses by 22 1/2° steps. 
The foregoing relationship, of course, is based on the 
use of 16 antenna elements about the said perimeter. 
In a practical system, there are likely to be considerably 

65 

4 
more antenna elements used about this perimeter and 
the progressive ?xed phase shift would be correspond 
ingly smaller between adjacent elements. The consider 
ations in respect to the number of said antenna ele 
ments about the perimeter are set forth in the prior art 
patent literature referred to hereinbefore. 
The system described in connection with FIG. 1 op 

erates to create a unique phase angle as a function of 
azimuth, and as the said continuously controllable 
phase shift device shifts the entire group of sideband 
signals together, the result is to produce a scanning pat 
tern in a phase relationship as noted at the distant re 
ceiving station which is related to the reference phase 
or marker of the system in accordance with the azimuth 
of the said receiving station in respect to the antenna 
array. 
Referring now to FIG. 2, the introduction of a second 

modulation signal will be explained. In FIG. 2, the sig 
nal (0Ml on line 14 may be presumed to be the same sig 
nal as to” in FIG. 1. If this signal is generated by a mod 
ulation frequency generator 11, a vernier tone may be 
generated synchronously in a harmonic modulation 
generator 13, synchronized to 1 1 by a signal on lead 12. 
In this way a harmonic signal mm (such as a ninth har 
monic typical of TACAN) is produced on lead 15. The 
function of w”, on line 14 into phase shifter 10 as ap 
plied to a fraction of the carrier energy extracted at 6 
supplied to 10 through a lead 8, will be recognized as 
the equivalent to the showing of FIG. 1. If a similarly 
small or perhaps even smaller fraction of the carrier en 
ergy is extracted by an additional coupler 5, and is fed 
to another continuously controllable phase shift device 
9 via lead 7, the signal on 16 will be an additional side 
bandtype signal modulated from mm via line 15. Thus 
the signal on line 16 could be identi?ed as wc + mm. 

In FIG. 2, a portion of the feed system is duplicated 
from FIG. 1 in order to show its relationship with the 
additional structure. 
An additional ampli?er 18 operating on the signal at 

16 (in the same way as ampli?er 20 operates on the sig 
nal at 17) drives a third feed system from point D3. This 
third feed network branches similarly and the corre 
sponding branches are marked with the same identify 
ing symbol with double prime marks added, such as 
F1", F2", etc. 

Typical, ?xed phase shifters S1, S2 and SN’ are illus 
trated along with the corresponding couplers C1’, C2’ 
and CA,’ which inject the harmonic single sideband sig 
nal distributed by this third feed network into the cor 
responding antenna elements, in the same way as ef 
fected for the injection of the ?rst modulation compo 
nent. The phase shifters 8,’ through 8,,’ are constructed 
to introduce a multiple of the phase shift (measured in 
harmonic degrees) as compared to that introduced by 
C1 through CN. Thus adjacent radiating elements are 
spaced by 9 times as much ?xed phase difference at 
mm 35 at win 
The coupling factors represented by couplers 5 and 

6 and the reinjection couplers C1 through CN and C1’ 
through c,,,' will govern the percentage of modulation 
at the aperture of the entire array, and these factors 
may be selected or adjusted in accordance with design 
requirements. 
Since the possibility exists for insertion phase'shift 

drift in the signal at 16 with respect to that at 17, addi 
tional structure may be added to correct for this phe 
nomenon in any of several ways well known to those of 
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skill in this art. One such way would involve the sam 
pling of the signal 16 by a phase detector‘ referenced by 
the signal on 17. Any error could be used to modify the 
signal on 15 to ensure that the two modulation signals 
remain in phase synchronization. That modi?cation 
could be introduced within 13 by a voltage controled 
phase shifter, for example. ' 
VCR and TACAN systems compatible with this in— 

vention include means for injecting F .M. reference 
data or “North mark” pulses; these subsystems operat 
ing from the 14 and 15 signals and “announcing” their 
reference data by separate carrier modulation schemes 
which are compatible but not a part of this invention. 

It will be evident from this description that‘ the pres 
ent system in using only single sideband signals requires 
a modulation signal of only one-half the power required 
by normal double sideband systems. Moreover, radio 
frequency system bandwidth is also halved as com 
pared to the normal double sideband system. 

In accordance with standard antenna theory, the 
driving function of the system of FIG. 1 may be stated 
as follows: 

VB = [1 + Aeiaieiwmt] eiwot 

A = amount of coupled modulation energy 
a, = phase displacement of modulated energy at ith 

radiating element 
Modi?cations and variations of the present invention 

will suggest themselves to those skilled in this art. Ac 
cordingly, it is not intended that this description should 
be considered as limiting the vscope of the present in 
vention, the drawings and description being typical and 
illustrative only. 
What is claimed is: 
1. An omni-directional antenna array and scanning 

system for rotating a predetermined substantially sym 
metrical pattern in a ?rst plane; comprising: 
a plurality of antenna elements spaced around a sub 

stantially circular perimeter in said plane, said ele 
ments being arranged for radiation generally radi 
ally; 

?rst feed means connected from a source of radio 
frequency carrier energy and connected to provide 
substantially equal power and phase energization 
of said elements; 

controllable phase shift means connected through a 
coupler to receive a fraction of said carrier energy, 
said controllable phase shift means being respon 
sive to a modulation frequency signal to produce a 
continuously phase shifted radio frequency signal 
as a function of said modulation frequency signal; 

second feed means for substantially equal power dis~ 
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6 
tribution of said continuously phase shifted radio 
frequency signal to said antenna elements; 

and a plurality of ?xed phase shifters, one for each of 
said antenna elements, each of said ?xed phase 
vshifters connected discretely from said second feed 
means to a corresponding one of said antenna ele 
ments, the radio frequency phase shift of a ?rst of 
said ?xed shifters being an arbitrary value and each 
other of said ?xed shifters providing an additional 
phase shift in degrees equal ‘to 0, where 6 is the 
angle in degrees, of location of the corresponding 
antenna element measured with respect to said ?rst 
?xed phase shifter through 360° about said perime 
ter. 

2. Apparatus according to claim 1 in which said an 
tenna elements are de?ned as being substantially 
equally angularly spaced about said perimeter. 

3. Apparatus according to claim 2 in which said ?rst 
plane is the azimuth plane and said antenna elements 
each comprise a linear array extending in a direction 
substantially normally to said ?rst plane to form a cylin 
drical array. 

4. Apparatus according to claim 3 including a dis‘ 
crete directional coupler for connecting each of said 
?xed phase shifters to said corresponding antenna ele 
ment, thereby to mix a predetermined phase modulated 
signal percentage into the energy radiated. 

5. Apparatus according to claim 4 including an am 
pli?er responsive to the output of said controllable 
phase shift means to permit said controllable phase 
shift means to operate at a relatively low power level 
and, at the same time, providing adequate drive power 
for said second feed means. 

6. Apparatus according to claim 5 including means 
for generating a second modulation signal which is a 
synchronous harmonic of said modulation frequency 
signal, a second controllable phase shifter coupled to 
said source of carrier and connected to be controlled 
by said second modulation signal to produce a second 
continuously phase shifted radio frequency signal as a 
function of said harmonic frequency, third feed means 
for substantially equal power distribution of said sec. 
ond continuously phase shifted radio frequency signal 
to said antenna elements, and a second plurality of 
?xed phase shifters having individual phase shifts at 
said harmonic frequency which are equal to the corre 
sponding one of said ?xed phase shifters multiplied by 
the order of said harmonic, said second ?xed phase 
shifters being also discretely connected to correspond 
ing ones of said antenna elements. 

* * * * *1 


