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(Granted under the act of March 3, 1883, as

amended Aprll 30,

. This invention relates to an antenna system
and more particularly to a directive antenna
system. :

_One of the objects of this invention is to pro-
vide a directive antenna system whose proper-
ties of indicating the d1rect10n of incoming sig-
nals eannot be destroyed by undesirable signals.

Another object of this invention is to provide
a direction-finding system which w111 exclude
signals from an unwanted direction but which
will possess the direction finding properties of
a conventional direction-finding system with
respect to signals from any other direction.

A further object of this invention is to pro-
vide a direction-finding system which will facili-
tate the transmission of messages to a desired
position without permitting other positions to
intercept such messages. ,

Other objects and advantages of the inven-
tion will be apparent from the following de-
tailed description when taken in conjunction
with the accompanying drawings which illus-
trate preferred embodiments of the mventlon and
in which:

Fig. 1 is a schematic diagram of one embod1—
ment of this invention

Fig. 1A shows in general the response pattern
of the embodiment of Fig. 1,

"~ Figs. 2 and 3 are schematic diagrams of alter-
‘nate embodiments of this invention

Fig. 2A shows the response pattern of the em-
bodiments illustrated in Figs. 2 and 3, and
'Fig. 4 is a schematic diagram illustrating how
‘this invention may be used as an aid to main-

~taining a measure of secrecy in radio communi-
cation.

In ‘accordance with the present invention the
discrimination against signals from an unwanted

“direction is effected by replacing the single non-
directional antenna located at each corner of
a rhomboid in an ordinary Adcock system with
g highly directional antenna or a combination
~of antennas electrically similar to each other.
"When no sense antennas are used, the combi-

"nation at each of such corners, or collector set -
as it - will be hereafter called, consists in one’

“embodiment of the invention of an even number
-of antennas symmetrically arranged about a
‘geometric center, with the outputs of pairs of
- antennas in the collector set so combined that
‘no resultant output will be obtained from the
collector set for a signal coming from a specific
direction. For all other directions, however, a
“resultant output will be obtained from each set.

. If, then, the outputs from diagonal sets are so

1928; 370 0. G. 5%)
2

combined that the properties of an Adcock array

are preserved, the subject antenna arrays will

indicate the direction of incoming signals while
excluding interfering signals from a particular
5 direction.

An antenna system is also contemplated m
-which a sense antenna may be added at .the
geometric center of each anfenna collector set,
thus requiring that an odd number of antennas

10 comprise each set. By causing the phase of the
output from this sense antenna to he shifted
approximately 90° and then combining this out-
put with the resultant-output from the other
antennas in the set, a signal may be excluded

15 whose direction is at right angles to the direction

- of the signals excluded when an even number
of antennas comprise the set. Further -con-
templated ramifications of this system. permit
the same result to be obtained by replacing the

90 sense antenna in each collector set by one sense
antenna at the geometric center of the antenna
array and introducihg the output from this
sense antenna to the resultant output. from all
of the collector sets.

In Fig. 1, to which reference is now had a
schematic diagram is shown of an antenna array
consisting of a pair of antenhas at each corner
of a rhomboid. This embodiment comprises
antennas 10 thru 17 inclusive, transformers {8
thru 2| inclusive, and windings 3{, 32 and 33
of a goniometer 22. The antennas 18 thru {7
inclusive may be ordinary vertical antennas hav-
‘ing non-directional properties and are so. ar-
ranged that the plane containing each collector
set is parallel to the plane containing the an-
tennas of the other collector sets. Additionally,
the distances between the two antennas of each
collector set are normally equal and are small
as compared to the distances between diagonal
collector sets 10—ii and i4—i5 and between
the mid-points of collector sets 12—{3 and
16—117, both of which distances arée normally
equal. As a typical example, the distance be-
tween diagonal collector sets may be taken as
/5 or 20% of the wave length of the signal being
received, while the difference between the-two
antennas of & collector set may be taken as A/20.
Although the spacings between the antennas in
a collector set and the spacings between diagonal
collector sets are normally equal, cther spacings -
may be used to produce special results in ac-
cordance with recognized direction-finding prac-
tices. For example, in order to obtain an ex-
panded scale in certain quadrants, the spacing
~ between diagonal collector sets 180—il and 141§
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might be made much different than the spacing
between the mid-points of collector sets 12—I13
and {6—IT.

In this diagram, the primary winding of trans-
former 18 is connected between the antennas
10 and {1 and its center-tap is grounded; the
center tap of the prifdry winding of transformer
20, which connects the antennas 14 and 15,
also grounded. The secondaries of the trans—
formers 18 and 28 are cross-connected so that
terminal 23 of transformer 18 is joined to ter-
minal 26 of transformer 20 and térininal 24 of
transformer (8 is joined to terminal 25:0f trans-
former 20. Voltage is derived, across the wind-
ing 31 of the goniometer 22 by littkine the cross:
connections to the terminals of the winding 3f.

10

15

In the same manner, the centers of the primary .

windings of transformers 9 and 2I are grounded
said windings connecting axteiina - sets 12—13
and 16—17, respectively: Additionally, the sec-
ondariés of the transformers are cross~co nected
so that terminals 27 and 28 of trainsformer 19
are linked to terminals 38 and 29 of transformer
2{; respectively. From these cross-connections,
connections are made to the terminals -0f the
winding 32, which is the othér fixeéd witiding of
the goniometer 22. The winding 83 of the goni-
ométer is rotatable and combines vectorially the
voltages of windings 31 and 32 when rotated.
Consider now the signal 35 which is éoming
from such a direction that its wavefront is par-
allel to the planes containing the collector sets.
Smce the wavefront will reach the antennas i0
and f1 at the sarme time, voltages of equal am-
phtude and-the same phase will be induced in
these antennas and these voltages will appear
at the énds of the primary winding of trans-
former 18. - ‘Thus, because of the fact that no
voltage difference exists across the pnmary
winding, no voltage will be induced in the sec-
ondary winding of the transformer 18. Like-
Wwise, ho voltage will be 1nduced in the secondary
winding of the transformer 20 because of equal
voltages on the antennas 14-—=15. Thiis the wind-

mg 31 of the goniometer 22 Will not receive ex- -

c;tatmn,‘ from the signal 35. In like manne1
antenngss 12, 13, 16, and 171 will receive equal
voltages and thus the secondary Wwindings of the
transformers {9 and 21 ‘will receive no electlo-
‘motive force to be transmitted to the w1nd1ng
32 of the goniometer 22. Since neither w1nd1ng
3 nor winding 32 has voltage applied to it g5 a
result of the signal 25 being intercepted by the
‘eollector sets, the winding 33 of the gomometer
22 will réceive no excitation wheén it is rotated
‘Considér, however, the sigrial 36 Whose wave-
front is perpendicular to the planes containing
the colléctor sets. Now, thie voltage 1ntercepted
by ‘the antenia 11 will be different in phase than
‘the signal intercepted By the antenna i0. Thus
‘a resultant voltage will exist between the an-
tennas 10 and 1§ and this voltage will be irnduced
from the primary winding to the secondary W nd-
ing of transformer 8. Also since the ‘antenias
18 and 15 are in the same posmon as the an-
tennas 10 and I, réspectively, With réspect to
the wavefront of the sigrial ‘36, the same Voltage
difference will appear between the antennas 14
and 15, ahd therefore d¢ross the secondary of the

transformer 20, as will appear across the second- A

‘ary of the transformer 18. By cross connectiiig
the two secondary windings, tliérefore, the cur-
rént from one secondary Wwinditig will be eqiial in
amphtude and opposite in pliase to the c¢urrent
from thie other winding, leaving to resultaiit cir-
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rent through the winding 31. Consequently, the
total reaction of the antenna collector sets 10—/ 1
and (4—I15 to the signal 36 is the same as if the
collector sets were replaced by the single antennas
of the ordinary Adcock system.

But a response will be obtained by the wind-
ing 32 from the reaction of collector sets 12—13
and {6—17.. Considering firét the collector set
16—11, the voltage induced in antenna {1 will be
different in phase than the signal intercepted
by the antenna (6. This voltage difference will
appeal 4eross the terminals 29 and 30 of the
transformer 21.. Although the difference in phase
between the antennas 2 and I3 will be same as
the differerice between antennas (6 and 17, the
resultant output voltage from the collector set
containing antennas 12 and 13 will be differ-
ent in phase ftém -the resultant output voltage
of the colléctor set containing antennas 16 and
17. This phenomenon occurs when the distance
between the midpoints of the two colléctor sets
is différent than »; the wave length of the sig-
nal or integral mu1t1p1e thereof. Consequeritly,
the differénce vector voltage between anténnas
12 and 138 is equal in amplitude to bt differént -
in phase than the difference vector voltage he-
tween anteiinas 16 and I1. Thus 4 resultant
voltage will appear across the c¢onnectiohs be-
tween transformers 19 and 21 and this voltage
will be introduced to the w1nd1ng 32 of the goni-
ometer 22. -'The feature of phase differences bé-
tweéen antennas of a collector set and also be-
tween collector sets is ‘maintainéd for signals
from any direction except signals 35 and signal
45, which is travelling in a plane 180° differsnt
in ‘azimuth from slgnal 35. Sirice no response

-is obtained from s1gna1s havmg the d1rect1on of

signals 35 and 45 and sinée maximum response
is obtamed from a Signal havmg ‘the dn'ectlon
of s1gna1 86 and a s1gna1 180° different in azi-
muth from SIgnal 36, it may be ‘seen that the
response pattern of the antenns array of F1g 1
will be a “fisure-eight” pattern, as ‘shown i1 Fxg
1A, Thus, by rotating winding 33 a position may
be found where 1o voltage is induced therein,
permitting the indication 6f thé bearing of the
reéceived signal.

The antenna system shown ‘in F1g 2 is physi-

‘cally similar 16 that shown in Fig. 1 exeépt for

the additioni of the ariténnas 34, 37, 38 and 39
and associated phase shifters 40, 41, 42 ahq 43.
In addition to being non-d1rect10nal and verti-

‘cal, the antenna 34 is located ih the same plane

as that containing antennas 10 and 11 and is -
mid way between those antenhas. Antenna 31
ig situated in like manner with respect to an-
tennas 12 ‘and 13, anfenna 38 w1th reSpect 1o

‘antennas 14 and 15, ‘and anteénna 39 with Te-

spect 1o antennis 16 8nhd 171. The phase sh1fters
40, 41, 42 and 43 shift by approx1mately 90° the

37, 38 and 39, respectlvely, the reason for this
shlft bemg that the Vector différence of the volt-
ages between the two outer ‘anfehnas of a col-
léctor set is approx1mate1y '90° out of phase with

'the voltage vector of the ‘middle antenna “Thiis,
it can be seén that the direction of the sighal
excluded by the anteniia system w111 no longer

be in the difection of signal 35 ‘or sighal 48,
The reason for this’ hes in‘the fact that although
the Tésultant output, for a sighal having the

,'dxrectlon of signals 35 ‘or 45, of ‘the two outer
vantennas of ‘each collector set is zéro, the't

antenns will have an olithut @nd this outplit,
‘therefore, w111 e the vesultdnt oiitbut of the
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- complete collector set. "If the 90° phase shift
*-is produced in such a direction, however, that the
-- voltage from the middle antenna, for example
- antenna 34, directly opposes the difference volt-
ages between the two outer antennas, such as
antennas {0 and I, a signal having the direction
of -the signal 36 may now be excluded from the
antenna system as an undesirable signel. This
can be more easily seen by discussing the action
on the signal 36 of the collector set containing
antennas (6, iT and 39, as shown in Fig. 3. Thus
it can be seen that the voltage intercepted by
-- the antenna {1 will be different in phase than
the signal intercepted by the antenna 16. By
connecting the transformer 21 between these an-
tennas, the vector difference of the voltage be-
‘tween the antennas will be obtained. But, since
- the antenna 39 is midway between the antennas
- 16 and 11, the signal received by the antenna
~39-has a phase which is different from that of
the two antennas by the same amount and there-
fore the vector of the signal intercepted by this
> antenna will be half way between the voltage
-vectors of antennas 16 and 17. Therefore the
- vector  difference of the voltages between an-
tennas 16 and 11 will form the base.of an isos-
- -celes -triangle with -the voltage vectors of an-
-tennas 16 and IT and the vector of the voltage
- of antenna 39 will lie on the altitude of this tri-
angle. It is.a basic principle of plane geometry
that the badse and altitude of. an isosceles tri-
angle are perpendicular to each other. If the
altitude of the triangle, as represented by the
signal on the antenna 39, is shifted 90° in phase

- it will be parallel to the base, as represented:

by -the vector difference of the voltages on the
two outer antennas.. If this shift is made in such
a direction as to oppose the vector of the voltage
.difference the collector set. containing antennas
16, 1T and 389, and.each of the other collector
sets, will have a resultant response of zero to the
signal 36. Thus it will be seen that if a signaj
- having the direction of signal 36 is excluded the
- maximum sensitivity .will occur from a signal
44, which is displaced 180° in azimuth with re-
spect to signal 386, since the voltage of the middle
~antenna and the difference voltage between the
two outer antennas now add-directly in each
collector set to produce a signal of reinforced
strength in the set. Consequently a cardioid
. pattern of sensitivity, as illustrated by Fig. 2A
will be produced, with the zero sensitivity of the
“pattern occurring, for example, for a signal hav-
ing the direction of signal 36 and the maximum
- sensitivity being realized for a signal of such
direction as signal 44, which is displaced 180°
in azimuth with respect to the signal 36. As for
. the signals 35 and 45, the antenns system of
Fig. 2 will respond to them with outputs of equal
- amplitude. 0 .

The schematic diagram of Fig. 3 contemplates
the use of either sixteen or seventeen antennas,
with four collector sets arranged at the .four
corners of a rhomboid and each collector set
- comprising four antennas arranged in g conven-
tional Adcock set up. The antennas 46, 47, 48
. -and 49 comprise one collector set; another set is
- composed of antennas 50, 51, 52 and 53; a third
set consists of antennas 54, 55, 56 and 571; and
the last set, of antennas 58, 59, 60 and 6f. A
sense collector set 78 is normally located at the

- - geometric center of the four collector sets.” The

antennas of each set are cross-connected in'the
" ‘conventional manner -and the cross-connections
“:are linked to the fixed windibgs of & goniometer.

. Thus the. cross-connections of artennas 46 and
.- 48.1s connected through:a conventional Adcock
- arrangement to the winding 62 of the goniometer

68, In‘like manner, antennas 58 and 52, 54..and

56, and 58 and 60 are connected to.the fixed
windings. 66, 70 and 14 of the goniometers 69, 13

:-and T1, respectively. Likewise, antennas 47 and
-.49, 5t and 53, 55 and 57, and 59 and 6i are con-

i0

15

nected through a conventional Adcock arrange-

-ment to windings 63, 671, 71 and 15 of the goniom-~

eters 65, 69, 13 and 71, respectively. - The rotat-
able windings 64, 68, 72 and 16 of the goniometers
65, 69, 73 and 711, respectively, are so arranged
that the signal from the unwanfed direction is
excluded in each goniometer. Since the position

-of the rotating winding is the deciding factor,

it-may be seen that the corresponding. antennas
of .each. collector. set .do not have to be. located

-in'a definite pattern with respect to each other.
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-exclude the undesirable signals.

If, then, the rotatable windings of the goniom-
eters which are used in. connection with the
diagonal collector sets are connected together
and connections are made from these diagonally~
connected goniometers to the fixed windings of
a fifth goniometer, the. rotatable windings  of
this latter -goniometer will be able to give the
directions of incoming signals without any dif-
ficulty being presented by the signals from the
undesirable direction. In this application, how-
ever, the rotatable windings must remain in a
fixed position once they have heen adjusted to
Thus the rotat-
able windings 64 and 72 of goniometers 65 and
138, respectively, are connected together and the

fixed winding ‘79 of the goniometer 82 is placed
~in:parallel with these windings.

The rotatable
windings 68 and 76 of the goniometers 69 .and
11, respectively, are also connected in parallel

‘with the fixed winding 80 of the goniometer 82.

Since the: signal from the undesirable direction
has already: been excluded from the goniometers

- 65, 69, 13 and 11, the rotatable winding 81 of

50

the goniometer 82 will be free to give the direc-
tion of any other incoming signals. The response
pattern which will result is similar to the “figure
eight” pattern shown in PFig. 1A, except that
the null point of the “figure eight” may be
changed merely by varying the position of the
rotatable windings 64, 68, 72 and 16. ’

The above situation is particularly advanta-
geous when used in such a situation as is dia-
grammed in Fig. 4. Assume that the friendly
ship 83 desires to transmit a ‘message to ‘the

~-friendly- station 85 but is afraid to transmit this

55

message  openly and ‘directly because of the
danger that an unfriendly ship such as the ship

- 84 will intercept the message and thus be able
" to determine the position of the ship 83. If,
- now, the friendly station 86 sends out a con-

80

tinuous and strong signal and the ship 83 sends
out a weaker signal at the same frequency, the

signal from the ship 83 being modulated, how-

(]

ever, to -transmit the desired message, the ship
84 will not be able to intercept the message from
the :ship 83 bhecause of the interferring signal
from the station 86. But if the station 85 has an

‘antenna array similar to that shown in Fig. 3,

the rotating windings 64, 68, 72 and 16 of the
goniometers 63, 69, 13 and 77, respectively, could
be adjusted fto exclude the interferring signal
from the station 86. The rotating winding 81
of the goniometer .82 could then indicate clearly
the direction of the ship-83-and the message
from the ship could be plainly received.. . .

:.Referring again to Fig, 3, the sense.collector
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-useti18:and-the phase:shifters8l:may: be -added

wto:.the..sixteen-antenna ;array :discussed above.
“The:sense. collector:.set::should :have:such:elec-
strical properties .that. ituwill:indicate.a:null:for

ssignals.arriving:from. the same direction.as.those:;

.:signals. which: are. excluded:in: each,;:Adcockcol-
~leetor ..set. :Hor :example, ~two nonsdirectional
<antennas.arranged.such that.their;plane:is paral-
:lek.to.the.wavefront.ofithe signal.to. be excluded

zmay:be used. By.shifting.the.voltage from:the:;

-.collector. set.18..approximately. 90°,.in phase:by
:means.of.the: phase.shifter:87. and.coupling:this
=voltage to.the rotating. winding.81.of the goniom-~
s eber: 82, the directivity:of:a signal.may:now:be
sindicated: when: the:array:comprising.antennas:
.46 thru:61;.inclusive,indicates. maximum strength
for:the: signal. -:'This.ds.accomplished by -bucking
~~out:the maximum signal from the.array. with:the
wphase-shifted:signal of antenna:18. :This action
cis:somewhat:different. from: that when:.the col-:
lector-set:18. is:not.used,.since :in.the.array;com-
prising antennas:46: thru: 64, inclusive, the:direc-
‘tivity.of thesignal is indicated when the goniom-
+«etersiare so positioned that. the:strength:of the
vsignal.is.at zero.level.

Just as the:addition of:a:.third: antenna“,.to a
zcollector.set: originally. comprising: two: antennas
:will: change.the response.pattern from-a {figure
-eight” pattern to.a.cardioid pattern;so.the.addi-

. tion of za: fifth..antenna .to. each four-antenna 7

wcollector:set.will change the.response:from.a
“figure . eight” to:a..cardioid.response;pattern.
JThese:antennas should: be:so -arranged that one
=will;be:at. the:geometric center; of- each.-Adcock
=collector. set. :As.in: the:arrangement:shown -in
1Fig.!2, the' output-of-each.:center..antenna:;is
=sshifted~approximately: 90° in phase:before:being
;. applied : to..the: resultant; output- of the-collector
s.set. - However,:the: five-gntenna; collector . set: is
advantageous..over the three-antenna.;collector
rset.in:that; . in the former, the null direction of
~the cardioid patiern-may be: varied;merely by
».changing. the: position :of ;the rotatablegoniom-
. eter-winding .of:.each: collector: set.

It should .be.noted:that : each: pair:.of : non-.

- directional antennas; in.a:.collector:set ‘may-: be
~replaced- by: a single-loop, since;.a: pair:of non-
szdirectional -antennas.is electrically . similar- to, a
loop antenna. Thus, the-antennas 40:.and-if,
~12:and 13, 14.and-15,.18.and {1.in.Fig.1.may be
~replaced (by Joop .antennas; xlikewise,: pairs.of
- .antennas. in the other:arrangements shown may

.:be:-replaced by loops.
It. should be further noted-that .although the

;antenna -arrangements _.described . above - have:

“been discussed from the -viewpoint; of receiving
JAncoming signals. these same arrangements may
>also be used.as.arrangements. for; transmitting
~antennas. This may be:accomplished by intro-

ducing the output of the transmitter to.the-same~

- terminals which: would normally-connect: to.the
~receiving ‘equipment.

- While . certain preferred: embodxments of: this
~invention:have been:described; it-is reglized that

-many ‘modifications: and rvariations of :this:in--

~vention may. be-made;and:no:limitations:upon
. this. invention areintended-other:than:may:be
imposed by..the scope of:the:appended:claims.

- The invention described herein may.be:manu-

wfactured. and used: by or:for.the Government: of"

- the ! United -States of America:for. governmental
purposes-without: the: payment:of-any: royaltles
thereon or therefor.

What:is:.claimed:is:

AlaA cdirective .antenna system, havxng sub~"

1stantially: zero responsiveness.to:signals;from: a
i 3 b .

a1 .
each of sald ejs bemg adapted to prov1de an
routput;:signal ;characteristic: of-the: dlrectlon .of
samincomin gnal,smeans, 1nclud1ng a goniom-
zeter for;vectorially; combmmg the:. output; signal
vfrom.each of ;said.sefs with:that from.the.set
Jdiagonally. opposed:thereto; said.goniometer hav-
+ing $wo:fixed ;windings :and a- rotatable winding,
~one.of ssaid -fixed :windings -adapted . to: receive
15 1the zcombinedyoutput :signal; from -one-of -said
sdiagonaly pairs,:the; other-of -said- fixed wmdmgs
sadapbad tosreceive dheicombined:: -output . signal
«from:thesother. of :said; diagonal; pairs,. whereby
-rtheresissinduced-in:the rotatable -winding of said
=90 goniometer a:xesultant voltage. signal -indicative
sofrtherdivectionsofzthe-incoming signal.
©59.-A =directive: antenna : system,  having . sub-
sstantially zero;responsiveness fo signals; from: a
seertain :direction .but ‘finite - responsiveness . to

10

96 1 signals: from call. other rdirections, : said system

~cemprising; four:identical: antenna: collector:sets
;containing sa plurality.-of :non-directional :an-
-tennas:in :each :set,zsaid ssets. arranged -at :the

i four..corners.;of asthomboid, :& non-directional
30.:sense:antennailocated :at the-geometric ~center
cof each:set, means for.shifting-by:approximately
£90° i the rphase . of :the :;sense :antenna  voltage,
smeans.for-combining said: phase:shifted: voltage
_awith:the:output from. the: associated collector:set

-35+t0.produce & first:resultant voltage: characteristic

~of ;the=direction :0f : the:incoming :signal,-means
~for:vectorially:combining. the.voltages from each
- uof:saidusets swithy that:from: the: set:diagonally
~opposed : thereto, .to : thereby: produce: a: second

~40-resultant:voltage signal:indicative of:the:direc-

.ition ofithe: incoming:signal.
.~ .23, ‘A idirective zantenna system, havmg sub-
“ustantially zero responsiveness to incoming: signals
“from =a -certainitdirection:but:finite -responsive-
45+-nessito..signals from.:.all sother - direetions, .said
«<system:comprising, “four. identical :antenna..sets
ssecontaining ¢wo non-directional antennas in:each
wset, ::said-~antenna . sets: arranged - at <the :four
=gorners:of:a rhomboid; said-antennas further. ar-

. 50~ ranged -suchithatithe plane ‘through -each.- set

-is.;parallelto-the-planes, through: the.other: sets,
smeans ‘interconnecting the. antennas-of -each set
« 50-astoprovide an: output:signal therefrom: which
iiis.characteristic of the direction-of an incoming
55<signal, means forwectorially combining: the out-
sputisignal:from .each set:with that from. the set
- rdiagonally:opposed thereto;:to_produce -a.pair:of
»difference s voltages,.:and.-goniometer: means: for
" szcombining: the difference:voltages: to..produce a
g0 resultant voltage signal indicative of.the:direc-
ztjion:of ;the incoming:signal.
»4.Azdirective antenna, system; having substan-
- tlally . zero :responsiveness:to::incoming signals
~from:a.certain:direction.but-finite responsiveness
n5otossignals’ from:all :other directions,: said: system
»comprising; fouridentical antenna-sets contain-
_ing «two monsdirectional antennas.in: each: set,
+said: antenna sets: arranged-at- the- four.-corners
zof :a:rhomboid, and.located such- that-the plane
70 through:each. set is parallel fo.the planes through
~the: other: sets,. transformer means interconnect-
mg the antennas of each of said sets: o pro-

pf‘the‘,duectx.on pf the.,.mcommg_ signal, the: out-
7.5;;:;:nut; from the transformer means associated:with
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each of said sets cross connected with that asso-
ciated with the set diagonally opposed thereto,
a goniometer having a pair of fixed windings
and a rotatable winding, one of said fixed wind-
ings adapted to receive the resultant output sig-
nal from one pair of said diagonally opposed an-
tenna, sets, the other of said fixed winding
adapted to receive the resultant signal from the
other of said diagonally opposed sets, whereby
there is induced in said rotatable winding a
resultant voltage signal indicative of the direc-
tion of the incoming signal.

5. A directive antenna system, having substan-
tially zero responsiveness to incoming signals
from a certain direction but finite responsive-
ness to signals from all other directions, said
system comprising, four identical antenna sets
containing three non-directional antennas in
each set, said sets arranged at the four corners
of a rhomboid, with the antennas of each set
located in coplanar relationships, the antennas
in each set being further arranged such that one
antenna is mid way between the other two an-
tennas, means for directly combining the out-
puts from the outer antennas of each set, means
for shifting the phase of the output from the
middle antenna in each set by approximately
90°, means for combining the phase-shifted out-
put of said middle antenna with the combined
output of said outer antennas, means for pairing
the outputs of diagonal sets to produce differ-
ence voltages, and goniometer means for com-
bining the difference voltages to preduce a re-
sultant voltage signal indicative of the direction
of the incoming signal.

6. A directive antenna system having substan-
tially zero responsiveness to signals from a cer-
tain direction but finite responsiveness to signals
from all other directions, said system compris-
ing, four identical antenna collector sets con-
taining four non-directional antennas in each
set, said sets arranged at the four corners of a
rhomboid, the four antennas of each set arranged
in a conventional Adcock arrangement at the
four corners of a smaller rhomboid, a separate
goniometer associated with each of said collec-
tor sets and having two fixed windings and a
rotatable winding, means for connecting each
pair of diagonal antennas in an Adcock set to
a fixed winding of its respective goniometer, the
rotatable winding of each of said goniometers
being positioned to exclude an incoming signal
arriving from a specific direction, means for com-
bining the outputs from the goniometers of di-
agonal antenna sets to produce difference volt-
ages, a goniometer common to all collector sets
and having two fixed windings and a rotatable
winding, one of said fixed winding adapted to
receive the output signal from one pair of said
diagonally opposed collector sets, the other of
said fixed winding being adapted to receive the
output signal from the other pair of diagonally
opposed sets, whereby there is introduced in the
rotatable winding of said last named goniometer
a resultant voltage signal indicative of the direc-
tion of the incoming signal.

7. A directive antenna system having substan-
tially zero responsiveness to signals from a cer-
tain direction but finite responsiveness to signals
from unwanted directions, said system compris-
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ing, four identical antenna collector sets con-
taining four non-directional anteénnas in each
set, said antenna sets arranged at the four cor-
ners of a rhomboid, a non-directional antenna
located at the geometric center of said rhomboid,
the four antennas comprising each set arranged
in a conventional Adcock arrangement at the
four corners of a smaller rhomboid, a separate
goniometer associated with each of said collector
sets and having two fixed windings and a rotat-
able winding, means for connecting each pair
of diagonal antennas in an Adcock set to a fixed
winding of its respective goniometer the rotat-
able winding of each of said goniometers being
positioned to exclude an incoming signal arriv-
ing from a specific direction, means for combin-
ing the outputs from the goniometers of diagonial
antenna sets to produce difference voltages, a
goniometer common to all collector sets and hav-
ing two fixed windings and a rotatable winding,
one of said fixed windings adapted to receive the
output signal from one pair of said diagonally
opposed collector sets, the other of said fixed
windings being adapted to receive the output sig~
nal from the other pair of diagonally opposed
sets, means for shifting by 90° the phase of the
output from the antenna located at the center
of the four collector sets, and means for intro-
ducing said phase-shifted output to the rotat-
able winding of said last-named goniometer,
whereby there is introduced in said rotatable
winding a resultant voltage signal indicative of
the direction of the incoming signal.

8. A direction finding antenna system for nul-
lifying the effect of undesired signals from a
given direction comprising a first and second pair
of antenna elements located respectively along
two lines at right angles to each other which
cross at the geometrical center of said elements,
a goniometer transformer having a first and sec~
ond winding fixed at right angles to each other
and a third winding inductively coupled thereto,
said third winding being rotatable relative to said
first and second winding, means for differentially
coupling said first and second pair of antenna
elements respectively to said first and second
windings, said antenna elements having direc-
tional characteristics providing a minimum re-
sponse in the same given direction, a non-direc-
tional antenna means located at the geometrical
center of each of said antenna elements, phas-
ing means for displacing the phase of the voltage
in each of said non-directional antenna means
by 90 degrees, means coupling the output of said
phasing means to the said third winding of said
goniometer transformer.
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