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This invention relates to a directive antenna array.

It is well-known to those versed in the antenna art
that by means of broadside arrays many radiation patterns
can be generated dependent on the particular geometric
and electric configuration of the individual radiating ele-
ments,

Below for reasons of clarity of expression the terms
“to radiate” and “to feed” will be used for transmitting
antennas as well as for receiving antennas. This is ad-
missible because of the reciprocity law, without in any
way deducting from the validity of the conclusions drawn.

Especially with centimetre waves so-called slotted wave
guides offer many advantages, such slotted wave guides
consisting of a wave guide with slots arranged in the
walls thereof.,

The phase and the amplitude of the wave radiated by
these slots are dependent on the location and direction of
the slots, With centerfed slotted wave guides two generic
cases can be distinguished, i.e. the arrangement in which
" the radiating elements at both sides of the center are in
phase and the arrangement in which the radiating ele-
ments at both sides of the center are of opposite phase.
In the former case a so-called even radiation pattern is
generated, which if the array is designed correctly, con-
sists of a single main lobe without minor lobes, whilst in
the latter case a so-called odd radiation pattern is gen-
erated, giving rise to two symmetrical main lobes, between
which a sharp null in the direction at right angles to the
array occurs. In the latter case the two main lobes are
exactly 180 degrees out of phase with respect to each
other. The sharp null makes an antenna which generates
an odd radiation pattern very suitable for direction find-
~ ing purposes. If a source of radiation is to be tracked
by means of an automatic servo system the difficulty
arises that if the antenna is exactly trained at the source
no signal at all is received, whereby the information which
is contained in the signal radiated by said source is not
available,

‘It is an object of the invention to provide an antenna
array which makes it possible to accurately track a source
of radiation and which at the same time provides an out-
put signal due to the radiation received.

In order to obtain this and other desirable results
which will be more fully discussed below it is a feature
of the antenna array according to the invention when used
for reception purposes that the array is designed so as to
stimultaneously give rise to an odd pattern (for tracking
purposes) as well as an even pattern (as a source of a
reference signal and an information-carrying signal). For
transmitting purposes the antenna array is so fed, that
only an even pattern is generated, because the even pat-
tern concentrates the radiated energy more narrowly.

For that purpose both halves of the slotted wave guide
are connected to the equivalent branches of a first magic
tee, the E- and H-branch respectively of which are con-
nected to the E- and H-branch respectively of a second
magic tee, in the equivalent branches of which the inputs
of two identical amplifiers or detectors are arranged, the
lengths of the wave guides interconnecting the E- and H-
branches respectively being so chosen that the electrical
distances from points in the E- and H-branches respec-
tively of the first magic tee where an incoming planar wave
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front generates signals of equal phase to any of the inputs
in the equivalent branches of the second magic tee differ
by a straight multiple of A/2, zero included.

Based on the same principle it also i$ possible to take
bearings in spherical co-ordinates. To this end an an-
tenna array which is rotatable about two axes at right
angles to each other comprises two slotted wave guides
having a fixed position with respect to each other, these
slotted wave guides being so suspended that the first and
second slotted wave guide respectively are always at right
angles to the first and second rotation axis respectively,
both halves of the first and second slotted wave guide
respectively being connected to opposite branches of a
first and second turnstile junction respectively, the central
(round) branches of said turnstile junctions being con-
nected to each other, a second and first pair of identical
amplifiers or detectors respectively being connected to
the remaining opposite branches of said first and second
turnstile junction respectively.

These and other features and advantages of the antenna
array according to the invention will be more apparent
after a perusal of the following specification, taken in
connection with the drawings, wherein

FIGURE 1 is an isometric view.of an antenna accord-
ing to the invention,

FIGURE 2 is a diagram of the radiation patterns ap-
pertaining to the antenna shown in FIGURE 1, :

FIGURE 3 is an isometric view of a simplified' embodi-
ment of a radar set having an antenna according to
FIGURE 1,

FIGURE 4 is an isometric view of an antenna for tak-
ing bearings in spherical co-ordinates.

FIGURE 5 is a block diagram of a servo system and
information deriving means for use with the embodi-
ments of FIGURES 1, 3 or 4, in which a separate ampli-
fier is provided in each channel.

FIGURE 6 is a fragmentary diagram illustrating micro-
wave switches included in the arms of the antenna to
limit the electrical length of such arms,

Referring to FIGURE 1 the halves of a slotted wave
guide are shown at 1 and 2. These halves are connected
to a magic tee having an E-branch 3 and a H-branch 4.
These branches are connected to the corresponding
branches 5 and 6 respectively of a second magic tee, the
equivalent arms 7 and 8 respectively of which contain

- probes or detector crystals 9 and 16 respectively:
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The operation of a device as shown in FIGURE 1 is
discussed with reference to the diagram of FIGURE 2,
which shows both radiation patterns which can be ob-
tained by means of the slotted radiator 1, 2 of FIGURE

- 1. The field strength has been. plotted along the vertical
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axis as a function of the angle included between the direc-
tion of radiation and a line which is at right angles to the
array, said angle being plotted along the horizontal axis.
If both halves of the slotted wave guide, which are as-
sumed to be symmetric, are fed in phase, a correct design
results in a single main lobe 11 without any side lobes.
This can be attained by means of resonant arrays in
which standing waves are generated in the slotted wave
guide as well as by means of non-resonant arrays, in which

. travelling waves are generated in the slotted wave guide.

65

If, however, both halves of the slotted wave guide are
fed 180 degrees out of phase a double main lobe 12
results, having a sharp null in the direction at right
angles to the slotted wave guide. ‘At both sides of said

" null waves of opposite phase are radiated, which has been

70

symbolized by drawing the left hand half of the odd
pattern below the horizontal axis.

The former conditon will ensue if energy is fed to
the slotted wave guide through the H-branch 4 and the

. latter condition will ensue if energy is fed to the slotted
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wave gulde through the E branch #3. If the slotted wave -

guide is correctly matched to the branches: of the magic

tee it is further to-be observed that theoreticaly the H-

branch is perfectly isolated from the E-branch, Several
practical difficulties make it 1mposs1ble to attain this
ideal, but an isolation of 30 decibels is easily attainable
and reproducible, -~
" The possibility of locatmg and automat1cally trackmg
a radiating target by means of an antenna as shown in
" FIGURE 1 is discussed below with reference to a few
examples. It is assumed that both probes or detectors 9
and 10 have substantially equal sensitivities.

‘If the target is located. in a direction ¢; no energy
will be induced in the H-branch 4, since the target is
outside the even beam. ' In the E-branch 3 a voltage E;

10

is generated; whereby the voltages-at the deteetors 9 and -

10 respectively amount to 7
, _
—}—Eléﬁ and E'1;/2
respectively. After detection the sign of these voltages is

no longer significant, so that the output signals of-the
detectors are equal. These output signals.are supplied

in-a subtracting. fashion to-the input of a servo.system -

which rotates the antenna around an axis which is_ at
right angles to the slotted wave guide. : In the above ex-

20 -
- lies ‘within the even pattern, the. target is caught, where- - -

25

ample the resulting input sig”nal for the servo system is -

zero, so that the servo system is not energized. - .

. However; if the target is located within the even lobe,
as indicated at ., energy will be induced in the H-branch
as well as in the E-branch. The odd pattern generates
a voltage E; in the E-branch and the even pattern gen-
erates a voltage BE,' in the H-branch.: At the direction
shown in the drawing these voltages are of equal magni-
tude, but this is not essential.. Equal magnitudes have

- been chosen merely for ease of computation. The energy .
in the E-branch is again divided between the detectors 9 o

and 10, giving rise to a voltage

E,+/2
=5

- at the detector 9 and a voltage -

_E/2
, 2
at the detector 10.
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" The energy in:the H-branch, which is caused by the :

even radiation pattern and-which results in a voltage Ey’
is also divided between the detectors 9-and 10, however,
without. giving rise to a phase difference between the
voltages generated at these detectors. Therefore the en-
ergy in the H-branch gives rise to voltage

Ey 2
T
at the detector 9 and an identical voltaoe

Ey A2
+—3

50 -
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If the servo system is comected in the appropnate sense
it will rotate the antenna so.as to decrease the angle. ¢,.
This will proceed- until the radiating: target is situated
immediately in front of the antenna, which in the draw-
ing has been shown as ¢3. A target.in the diréction ¢3
is situated exactly in the null of the odd radiation pattern
and the maximum- of the even. radiation pattern. - There-. .
fore no energy: is. fed into the E-branch, whereas a volt-~
age By’ is set up in the H-branch. .
The  energy .in the H-branch -is - divided. between the
detectors 9 and 18, whereby a voltage

Es’.'\/é )
2 f

is set up at each detector. The ountput ‘voltages- of the.
detectors will therefore be'equal, so that-the resulting
drive signal for the servo system. is zero and the servo
system does not rotate the antenna any more.  From the
above it appears that if a target is situated in a-direction:
which is.not at right angles to the: antenna, but which:

after the antenna is-automatically rotated so as to keep
the target in-the direction at right angles to the. antenna. -
That this also applies for targets which are situated at
the other side of the null appears from the situation’ indi- .
cated by s In. this case”also-the received emergy is
divided between the H- and E-branches.. ¢, has ‘again
been chesén: such that the voltages set up.in the H-'and
E-branches have equal magnitudes. However, these volt-

.ages will mclude a phase angle of 180 degrees, so

Eg= —E

The energy whlch results from the odd. rad1at10n pattern k
is equally.divided between the detectors' 9 and 10 respec-.
tively, voltages e :

E4.1/§ E4.\/§ ,
)
v 5 and 7 ‘ i
being set up at these detectors respectively. - The energy

" in the H-branch, which results from the even radiation

pattern, - is-also equally divided between: the detectors 9
and 10 respectwely, g1vmg rise to a voltage i,

ESNZ
} 2
at each’ of these detectors. ’
Therefore the total voltage across the deteetor 9 will be

1/2 (E4+E4 )

Whereas the ‘total voltage across ‘the detector 10 will

1/

amount tO

2 (CE4ED

Since Es;—=—E, the voltage across the detector 9 w1ll be ;

* zero, whereas the voltage-across the detector 10-will be.

60

at the detector. 10. - Therefore the total voltage at the de- -

tector 9 will be
2
\/ (B:+Er')

whereas the total voltage at the detector 10 will amount to

V2

2( B+ EY)

Since in the assumed -conditions. E;=FEj’ the total volt-
age-at the detector 9 is equal to E;n/2, whereas the total
voltage at the detector. 10 is zero. - Therefore the detector
9 will provide an outpuf voltage, whereas the output volt-
age of the detector 18 will be zero, so that the resulting
drive signal for the servo system will differ from zero.
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E4 /2. - Therefore the “outpiit. voltage of the -detector 9

will be zero, whereas the output voltage of ‘the-detector. =
10 will differ from zero. . This again results’ in an ‘input

signal to the servo system which differs from zero; how=". -~

ever, with oppos1te polarity -as: the- 51gnal generated -at-
@, SO- that in’ this case too - the target-is tracked auto-

: matlcally

So far no particulars have been given about the type :
of the teceived signal. ' This can be either a continuous
wave, a pulsed wave,- a phase modulated wave, a fre-

quency modulated wave or an amplitude modulated wave. -

-Also the target to be- tracked need not necessanly be an
active target.” It is possible to track passive targets, pro-
vided that these be illuminated by wave energy, the track-

"ing being made- possible by that part of the ﬁlummatmg

energy which is reflected by the target.
. Therefore an-antenna based on. the prmc1ple descnbed :
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above makes it possible to track a moving or stationary
target from a moving or stationary location. In contra-
distinction to known direction finder antennas, which
reduce the received signal to zero in the bearing direction
the possibility of communication is maintained by an
antenna according to the invention, since in the exact
direction of bearing the sensitivity of the even radiation
pattern is maximum.

The same detectors 9 and 10 which serve for generat-
ing the input signal for the tracking servo system, which
of course should be nearly zero while the antenna is track-
ing correctly, may also be employed for handling the
information carrying signal, by adding their output volt-
ages in a separate part of the receiver, thus deriving a
signal which is a maximum if the antenna is tracking
accurately. From this signal the information can be
derived. If for instance the antenna is employed as a
receiving antenna of a fire control radar (a transmitting
antenna, which is mechanically coupled to the receiving
antenna, radiating a beam of high frequency pulses in the
direction at right angles to the receiving antenna) the
range of the target can be derived from the time delay
of the received pulses, the direction in which the target
is located being indicated by the direction of the antenna.

By means of an antenna as described it is also possible
to set up a point-to-point beam link between two vehicles
or vessels, each of which may be moving, which especially
in war time can be very important, since it is then often
necessary to group vessels to convoys. The antenna de-
scribed not only improves the safety as regards inter-
ception of the transmitted messages, since these can be
intercepted only over a very restricted area, but moreover
at each of the vehicles or vessels provided with antennas
according to the invention continuous information about
the location and course of the other vehicle or vessel is
available.

If moreover the vehicles or vessels are provided with
transponders it is also possible to obtain information about
the distance between the vehicles or vessels, whereby both
of the vessels are continuously informed about the posi-
tion, course and - speed of the other vessel. By suitably
choosing the way-of operation of these transponders, em-
ploying for instance a pulse code, an automatic identifi-
cation is also possible. By means of a system as described
it is therefore possible to automatically transmit or derive
data on the identity, position, course and speed, whilst at
the same time a beam communication between the vessels
can be maintained. With pulsed signals it is possible to
employ one single antenna for transmitting purposes as
well as for receiving purposes. An embodiment of such a
duplex-antenna is shown in FIGURE 3.

Referring to FIGURE 3, both halves of the slotfted
wave guide are connected to a magic tee having an E-
branch 15 and an H-branch 16. The E-branch 15 via a
microwave switch 17, the purpose of which will be ex-
plained below, is connected to the E-branch 18 of a
second magic tee, the equivalent branches of which con-
tain detectors or probes 19 and 2§ respectively. The H-
branch 16 of the first magic tee is connected to the H-
branch of the second magic tee via means to be explained
in detail below.

A magnetron 21 or another source of high frequency
pulses is connected to one channel of a short slot hybrid
22, said channel being terminated by a TR cell 23 at its
other extremity. As is well-known to those versed in
the art a short slot hybrid comprises two parallel wave
guide sections, the small walls of which are adjacent each
other and are interrupted over a given distance. The
second channel of the short slot hybrid 22 is connected to
the H-branch 16 at one extremity and is connected to a
TR cell 24 at its other extremity. If the magnetron 21
generates a pulse this pulse will reach the TR cell 23
and ignite it, whereby a total reflection occurs at the TR
cell 23, The pulse will pass through the gap in the short
slot hybrid 22 and reach the TR cell 24, which will be
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ignited too, whereby at that extremity as well a total re-
flection occurs. Therefore all enmergy leaves the short
slot hybrid through the H-branch 16 and is equally divided
between both halves 13 and 14 of the slotted wave guide.
Since these are excited via the H-branch and consequently
are in phase only the even pattern is generated. A small
fraction of the energy (approximately —30 decibels)
will pass into the E-branch 15, but this fraction is
rendered harmless, as will be described below. During
reception the energy received by the halves 13 and 14
of the slotted wave guide will be divided between the E-
branch and the H-branch. The energy in the E-branch
15 is fed to the detectors 19 and 20 via the microwave
switch 17. The energy in the H-branch 16 will divide in
the short slot hybrid 22 and will reach the second short
slot hybrid 25 via the TR cells 23 and 24, which do not
ignite at this low energy level. The channel of the short
slot hybrid 25 to which the TR cell 24 is connected is
terminated at its other end by a matching impedance 26,
which in the embodiment shown is a damping wedge.
The channel of the short slot hybrid 25 which is connected
to the TR cell 23 is connected to the H-branch of the
second magic tee at its other extremity. It can be shown
vectorially that all energy from the H-branch 16 ultimate-
ly reaches the H-branch 27 of the lower magic tee. Theo-
retically no received energy at all is absorbed by the
magnetron 21 or the matching impedance 26. If the
electric difference of path length between the E-branches
and H-branches respectively, as measured from points in
the E- and H-branches of the upper magic tee where an
incoming planar wave front generates signals in phase is
substantially equal to a whole multiple of A/2, zero in-
cluded, the same operation as in FIGURE 1 results,

So far the nature of the members 19 and 20 has not
been described. In general these members can consist
of probes, detectors or heterodyning crystals. * Usually
the input of a radar receiver consists of a heterodyning
crystal. For that reasin the device as shown in FIGURE
3 comprises a klystron 28 (or a similar source of hetero-
dyning oscillations), which is coupled to the H-branch of
the lower magic tee through a directional coupler 29. The
coupling direction of the directional coupler is. so chosen
that the energy from the klystron 28 is transmitted only
in the direction of the heterodyning crystals 19, 20, in
which consequently the received signals are subjected to
heterodyning with the oscillation generated by the
klystron. ‘ :

Conventional intermediate frequency amplifiers can be
connected to the outputs of the heterodyning crystals, but
a reasonable phase stability of these amplifiers is desir-
able. It can be shown that all energy from the magne-
tron which might leak through the TR cells 23 and 24
is fed to the matching impedance 26, whereby the crys-
tals 19, 20 are protected from overloading due to leakage
energy. If energy which passes into the E-branch 15
due to insufficient isolation would be permitted to reach
the E-branch 18 this energy could possibly damage the
crystals 19 and 20 or at least overload them. This can
be prevented by connecting an externally controlled mi-
crowave switch between the E-branches 15 and 18, such
as the microwave switch 17. The microwave switch 17
can be controiled by a modulator circuit 62 which also
controls the magnetron 21 in such a way that the micro-
wave switch 17 is closed at least as long as the magnetron
21 is generating high frequency energy.

In the modulator circuit of the magnetron 21 from the
triggering pulse a pulse can be derived which closes
the microwave switch 17 during the period in which leak-
age energy could be transmitted through the E-branch
18 to the crystals 19 and 29,

As compared with those tracking radars employing
a spinning dipole a radar apparatus according to FIGURE
3 has numerous advantages. First of all the available
energy is put to greater use. If a spinning dipole an-
tenna is correctly trained the tracked target is located
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on the axis of the cone generated by the radiated beain,

so that the target is never situated in the -direction of -

maximum transmitted energy.  This is due to. the fact

that no pattern. which could be compared to the even pat-

tern’ according to the invention is employed.

Further the system according to'the invention provides
a continuous flow of information, in contradistinction to
systems relying on spinning dipoles or other types of
beam switching. Whereas beam switching systems rely on
a comparison of two discrete intervals during: which the
radiated beam is pointed in two- extreme. directions,-the
radar apparatus according to FIGURE 3 enables a con-
tinuous -comparison during the entiré reception period.
Therefore random fluctuations of the strength of the te-
ceived ‘signal, such as those caused by aspect.variations
of the tracked target, propellor fading and-the like, inter-

fere with the. attainable tracking accuracy to -a’ much

smaller extent.

In systems employing beam sw1tchmg it 'is” usual to
' employ an amplifier which is switched over in the rhythm
of the beam switching action. The system according to
the invention enables a far higher switching rate to be
employed with a single amplifier than would be possibie

8

‘equal phase and agnitude are fed to the branches 33

and 34 by the turnstile junction 32, in which branches

- signals  of equal phase and ‘amplitude are set up. These -

o

10

15

: 51gnals ¢an be . considered as signals-resuliing from the

even pattern of the slotted wave guide 30, 31. Slmllarly,
the even pattern of the slotted wave gu1de 36 37 gener- -
ates signals of equal phase and amplitude in the branches
38 and 39. Signals due to the odd pattern of the slotted

" wave ‘guide 30, 31 are transmitted to the -tarnstile junc-

tion 35 and, are there divided between the. detector
branches 38 and 39, setting up signals of equal- amphtude
but opposite phase;

Consequently the branches 38 and 39 receive mgnals’

- (of opposite phase) 'due to the odd. pattern of the hori-

zontal slotted wave guide 30; 3% and signals (in phase)
due to the even pattern-of the vertical slotted wave guide
36, 37.  ‘Therefore just as in FIGURES 1 and -3’a servo =

" system can be connected to.the outputs-of the detector

20

branches 38 and 39. . If in the detector branches 38 and- :

39 signals. due to the even pattern’ of the slotted wave
guide 36, 37 as well assignals due-to the odd. pattern of
the slotted wave guide 30, 31 are set up, the servo system -

~will rotate the: anténna: in- a horizontal plane until ‘the

with beam switching apparatus, the switching rate of the

amplifier being limited to the beam switching rate in the
latter case. In the system according to- the invention

25

switching- over ‘the amplifier at a rate which corresponds -

to the pulse repetition frequency  is- perfectly feasible,
which implies an increase in swiiching rate by a ‘factor
of the order of 50. The more frequent sampling.afforded
thereby makes for a lower sensitivity to random fluctua-
tions, which greatly enhances the tracking accuracy: It
is" also possible to employ two identical amplifier chan-
nels, in which case switching over of the -amplifiers is
superfluous. In the latter case random signal fluctuations
have no influence whatsoever on the tracking accuracy. .
Besides the slope of the radiation pattern of the odd
beam near the null is substantially twice as steep -as the

30

signals due to the odd: pattern-of the horizontal slotted

Wave guide 38, 31 are reduced to. zero.

lhf-reby an azimuth, bearing is taken. A special ad-
Vantage is that the acquisition sector is br oader than with
the: arrangement of FIGURES:1 and 3, becanse the even

- pattern, which is essential to the. functioning of the servo

system rotating the antenna in' the "horizontal plane is

- supplied by the vertical slotted wave guide 36, 37, which

has'a small ‘directivity and" consequently a large beam

. 'width in the horizontal plane.

35

Since 51gnals due to the odd pattern of the slotted wave

guide 36, 37 generafe- sxgnals (of opposite phase) in-the - /

: branches 33,.34 a servo-system which rotates the antenna
in a vert1ca1 ‘plane can be connected to’ these. branches.

slope of the characteristic of a single beam, as employed - .

in beam switching apparatus, which also 1ncreases the
tracking accuracy.

The acquisition sector of the antenna is limited to
the width of the even pattern. - If ‘in special cases this

40

acquisition sector is insufficient the even pattern can be

broadened while searching- for a target by providing mi- .

crowave" switches in each of the halves of the slotted
wave guide. By switching off the outer parts of the slotted
~ wave guide by means of these switches the beam patiern

is broadened artificially, whereby the acquisition sector is.

broadened too. As'scon as a target has beén perceived

“the outer parts of the slofted wave guide are again con- -

nected, thus increasing the-tracking accuracy.-

43

The operation of- this servo system . is analogous: to the:
operation of the servo system already descrlbed and there-
fore need not be discussed .in detail. )

For illustrative  purposes: only a recelver for use’ w1th

‘the embodiments. of FIGURES 1,3 or 41s shown in FIG- :

URE 5.
In FIGURE 5 the sxgnal p1ck~off or detector means are

shown at” 44° and 45 respectively. These components

~'correspond to the components 9. and 10 in FIGURE 1,

50

The embodiments described above enable to take bear- -

ings .in one co-ordinate -direction only For- instance,
if ‘a horizontal slotted wave ‘guide is employed azxmuth
bearings can be taken. .

““For -tracking airborne -targets beanngs in- spherical
co- ordmates should be taken. This is possible if an an-
tenna as shown in FIGURE 4 is employed. The antenna
according to FIGURE 4 comprises two halves of a slotted
- wave guide 30, 31 which-are connected to opposite
" branches of a turnstile junction-32.

The two remaining opposite branches 33 and 34 of
this turnstile junction contain probes or detectors 42, 43.
The central (round) branch. of the turnstile junction 32

*'is connected to the central branch of a second turnstile

55
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. junction 35. The branches 36 and 37 of the turnstile

junction 35 which. are parallel to the detector branches

33 and 34 are connected to halves of another slotted wave’

guide, whereas the remaining branches 38 and 3% of the
turnstile junction contain detectors 40, 41. )

For ease of explanatlon it is assumed that the slotted'

wave guide 30, 31 is arranoed horizontally, whereas the
slotted wave guide 36, 37 is arranged in a vertical plane.

Signals which reach both branches 30 and 31 with ;

70

--that posxtion is .reached  the comparator 48 no longer S

the components 19 and 20.in FIGURE-3 and-either. 40
and 41 or 42°and 43 in FIGURE 4.- As explained ‘befora

“these pick-off mearis can either be heterodyning crystals
‘or any other convenient means, such as pick-up loops.”

The signals generated by the plck-oﬂ" means 44 and: 45
respectively are.supplied to separate amplifiers 46 and 47
respectively, which. can be of any. convenient construcs -

“tion and which may incorporate heterodyning stages, de- -

tectors and any other known devices. 'The amplification
factors of the ampliﬁers 46 and 47 ‘Tespectively ‘should
differ as little as is possible, for any gain differences occur-

_ring in the channels will be 1ndlst1ngu1shab1e from s1gnal

differences at-the pick-off means 44 and 45.

The outputs of the amplifiers:46 and 47 are passed to
a comparator circuit 48 which gives no output. if the-sig-
nals are.equal, that is if the source of radiation islocated
right in front of the antenna array, but will give an out-
put if ‘the signals ‘are unequal; that is if the radiation
source is located in a different direction, In that case
the :polarity or the phase of the comparator output will
depend on" the. direction ‘of -deviation: of the radiation "
source. The output of “the:-comparator is passed to a
servo. amplifier 49, which delivers its output to.a servo-.
motor. 59, 'which rotates the antenna array:udtil the radi-
ation source ‘is' right: in front of the array. ' As soon as

gives an output and: the servo.system-is arrested. " The

servomotor 50, as shown in FIGURES 1 and 3, rotates, -

the antenna around the ax1s 52.
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If the pick-off means 44 and 45 correspond to the com-
ponents 40 and 41 respectively in FIGURE 4, the servo-
motor 50 of FIGURE 5 corresponds to the servomotor
55 in FIGURE 4, which rotates the antenna array around
the axis 56. If, however, the pick-off means 44 and 45
correspond to the components 42 and 43 in FIGURE 4,
the servomotor 5¢ of FIGURE 5 corresponds to the
servomotor 57 of FIGURE 4, which rotates the antenna
array around the axis 58. It will thus be appreciated
that an antenna array as shown in FIGURE 4 which can
be rotated around two axes, requires two separate servo
systems, each constructed as shown in FIGURE 3.

Since it is not easy to maintain the gains of the ampli-
fiers 46 and 47 of FIGURE 5 exactly equal it may be
preferable to employ instead a single amplifier that is
rapidly switched from one to the other pick-off means.

If tracking the target is not sufficient, but the informa-
tion contained in the radiataion from the target should
also be made available, this can be effected as indicated
in FIGURE 5, by adding the output signals of the am-
plifiers 46 and 47 respectively in an adding circuit 59,
which delivers the combined signal in a lead 60. If two
servo systems are employed, as in the embodiment of
FIGURE 4, the adding circuit 59 should add the output
signals of both pairs of amplifiers 46 and 47 of the servo
systems.

The way in which the acquisition sector can be broad-
ened while searching for a target is shown in FIGURE 6.
In FIGURE 6 the slotted waveguides 63, 64 and 65, 66
correspond with the waveguide halves 1 and 2 of FIG-
URE 1 or the waveguide halves 13 and 14 of FIGURE
3. Microwave switches 67 and 68 respectively are con-
nected between the waveguide sections 63, 64 and 65, 66
respectively. The switches 67 and 68 are simultaneously
controlled by a switch unit 69. As long as these micro-
wave switches are in a condition in which they transmit
wave energy the entire linear array, consisting of the
waveguide sections 63, 64, 65 and 66 is operative and the
directivity is maximum. If, however, the switch unit 69
renders the switches 67 and 68 in a condition in which
they do not transmit wave energy, the outer waveguide
sections 64 and 66 are isolated and the linear array, which
then consists of only the sections 63 and 65, exhibits a
far smaller directivity. This may be a great asset in
searching for a target, since the beam coverage is larger
and a target is less easily overlooked. With the embodi-
ment of FIGURE 4 there is no need for artificially broad-
ening the beam while searching for a target, for the even
pattern, the width of which is decisive for the possibility
of picking up a target, is in this embodiment supplied by
a slotted waveguide which has but little directivity in the
plane in which the slotted waveguide supplying the odd
pattern has its greatest directivity.

Although in the above description only slotted wave
guides have been mentioned other types of linear arrays
are suitable as well. Also modifications of the described
hybrid types are feasible.

It is intended that all matter contained in the above
description or shown in the accompanying drawings shall
be interpreted as illustrative and not in a limiting sense.

What I claim is:

1. An antenna array, comprising a centerfed linear
array, the halves of which are connected to the equiva-
lent branches of a first magic tee, the E- and H-branch
respectively of which are connected to the E- and H-
branch respectively of a second magic tee, in the equiv-
alent branches of which the inputs of two identical sig-
nal handling means are arranged, the lengths of the wave
guides interconnecting the E- and H-branches respective-
ly of the magic tees being so chosen that the electrical
distances are such that signals from an external wave
field, traveling along the waveguides interconnecting - the
E- and H-branches respectively on arrival at the signal
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handling means have a phase difference of a whole mul-
tiple of \/2, zero included.

2. An antenna array, comprising a centerfed linear
array, rotatable about an axis at right angles to the di-
rection along which the linear array extends and the
main radiating plane of said array, the halves of which
are connected to the equivalent branches of a first magic
tee, the E- and H-branch respectively of which are con-
nected to the E- and H-branch respectively of a second
magic tee, in the equivalent branches of which the inputs
of two identical signal handling means are arranged, the
lengths of the wave guides interconnecting the E- and H-
branches respectively of the magic tee being so chosen
that the electrical distances are such that signals from
an external wave field, traveling along the wavegunides
interconnecting the E- and H-branches respectively, on
arrival at the signal handling means have a phase differ-
ence of a whole multiple of A/2, zero included, a com-
parator circuit to which the outputs of said signal han-
dling means are connected, and a servo system that is
connected to the comparator circuit and that is adapted
for rotating the antenna around said axis.

3. An antenna array, comprising a centerfed linear
array, the halves of which are connected to the equiv-
alent branches of a first magic tee, the B- and H-branch
respectively of which are connected to the E- and H-
branch respectively of a second magic tee, in the equiv-
alent branches of which the inputs of two identical sig-
nal handling means are arranged, the lengths of the wave
guides interconnecting the E- and H-branches respective-
ly of the magic tees being so chosen that the electrical
distances are such that signals from an external wave
field, traveling along the waveguides interconnecting the
E- and H-branches respectively, on arrival at the signal
handling means have a phase difference of a whole mul-
tiple of A\/2, zero included, the wave guide connected
to the H-branch of the first magic tee comprising in
the order cited: a first channel of a first short slot
bybrid, a first TR cell, a first channel of a second short
slot hybrid and a matched terminating impedance, the
wave guide connected to the H-branch of the second
magic tee comprising in the order cited: a second chan-
nel of said second short slot hybrid, a second TR cell,
a second channel of said first short slot hybrid and a
source of high frequency pulses.

4. An antenna array, comprising’ a centerfed linear
array, rotatable about an axis at right angles to the di-
rection along which the linear array extends and the main
radiating plane of said array, the halves of which are con-
nected to the equivalent branches of a first magic tee, the

- and H-branch respectively of which are connected to
the E- and H- branch respectively of a second magic
tee, in the equivalent branches of which the inputs of two
identical signal handling means are arranged, the lengths
of the wave guides interconnecting the E- and H-branches
respectively of the magic tees being so chosen that the
electrical distances are such that signals from an external
wave field, traveling along the waveguides interconnect-
ing the E- and H-branches respectively, on arrival at the
signal handling means have a phase difference of a whole
multiple of \/2, zero included, a comparator circuit
having inputs to which the outputs of said signal handling
mmeans ar¢ connected, a servo system that is controlled
by the comparator circuit and that is adapted for rotat-
ing the antenna around said axis, the wave guide con-
nected to the H-branch of the first magic tee comprising
in the order cited: a first channel of a first short slot
hybrid, a first TR cell, a first channel of a second short
slot hybrid and a matched terminating impedance, the
wave guide connected to the H-branch of the second
magic tee comprising in the order cited: a second chan-
nel of said second short slot hybrid, a second TR cell,
a second channel of said first short slot hybrid and a
source of high frequency pulses.
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" 5. An antenna array, comprising a- centerfed linear

array, the halves of which are connected to the equiv-:
‘alent branches of a first magic tee, the E- and H-branch’

respectively of which are connected to-the E- and H-
branch respectively of a second magic tee, in the equiv-

alent branches of which the inputs of two identical signal .

handling means are arranged,.the lengths of the wave

guides interconnecting the E- and H-branches respective-

ly of the magic tees being so chosen that the electrical -

distances are such that signals from an external wave
field, traveling along the waveguides interconnecting the
E- and H-branches respectively, on arrival at the signal
handlmg means have a phase difference of a whole mul-
tiple of A/2, zero included; the wave guide connected to
the H-branch of the first magic tee comprising in the
order cited: a first channel of a first short slot hybrid,
a first TR cell, a first channel of a second short slot hy-
brid and a matched terminating impedance, the wave
guide corinected to the H-branch of the second magic tee
comprising in the order cited: a second channel of said

second - short- slot hybrid, ‘a second TR cell, a second.

channel of said first short slot hybrid and a source of

high frequency pulses, a heterodyning oscillator bemg

coupled to one of the branches of the second magic tee
through a directional coupler.

6. An antenna  array, comprising a centerfed linear
array, rotatable about an axis at right angles to the di-

rection along which the linear array extends and the -~

main radiating plane of ‘said afray, the halves of which
are connected to the equivalent branches of a first magic
tee, the E~ and H-branch respectively of which are con-

nected to the E- and -H-branch respectively of a second
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tee comprising in the order cited: a second channel of

said second short slot hybrid, a second TR cell, a sec-

‘ond chanmel of said first short slot hybrid and a source’

of hxgh frequency pulses, a microwave switch being pro-

vided in the wave guide joining the E-branches of both. -

magic tee’s, and means synchronizing the closing rhythm
of said: microwave switch- with the source of high fre-
quency: pulses such that said E- branches are isolated from
each other as long as a high frequency pulse is present in
the system.

8. An. antenna " array, co’mpriSing a centerfed linear
array, rotatable about” an axis at right. angles to the.di-

Tection: along which the linear array extends and the main : - o

radiating ‘plane of said array, the halves of which are

connected to the equivalent branches of a: first magic tee; -
the E- and H-branch respectively of which are connected‘

. to the E- and H-branch respectively of a second magic

20

tee, in. the equivalent branches of ‘which the inputs of
two -identical signal- handling-means are arranged, “the
lengths of the: wave guides imerconnecting the E-"and
H- branches respectively of the magic tees being so chosen

. that the electrical distances are such that:signals from an

25

30

magic tee, in the equivalent branches of which the inputs

of two identical signal handling means are.arranged, the
lengths of -the wave gmdes interconnecting -the. E- and
H-branches of the magic tees respectively being so‘chosen
that the electrical distances are such that signals from an

35

external wave field; traveling along the waveguide inter- '

connecting the E- and H-branches respectively, on ar--

rival at the signal handling means have a phase difference
of a whole multiple of A/2; zero included,” a. compara-
“tor. circuit having inputs to which the outputs of said
51gna1 handlinig means are connected, a servo system that
is controlled by said circuit and that is-adapted for ro-
tating the antenna around said axis, the wave: guide con-
siected to the H-branch of the first magic tee comprising
in the order cited: a. first channel of a first short slot
hybrid, a first TR cell, a first channel of a second short
slot ‘hybrid -and a matched terminating impedance, the
wave guide connected to the H-branch of. the second
magic tée comprising in the order cited: a second chan-
nel of said second short slot hybrid, a second TR cell, a
second channel of said first short slot hybrid and a source
of hlgh frequency pulses, and a heterodyning oscillator
that is coupled to one of the branches of the second magic
tee through a diréctional coupler..
7. -An antenna array, comprising a centerfed linear
array, the halves of which are connected to the equivalent

branches of a first magic tee, the E--and H-branch re-:

spectively of which are connected to the E- and H-branch
respectively -of a second magic: tee, in. the equivalent

branches of ‘which the inputs of two identical signal
handling means are arranged,” the lengths of the wave

guides mterconnectmg the. B~ and H- branches respec-
tively of the magic tees being so chosen that the elec-
trical distances are such: that signals from an external
wave field, traveling along the waveguide interconnect-
ing the E- and H-branches respectively, on arrival at.the

signal handling means have a phase difference of a whole

multiple of A/2, zero included, the wave gulde connected,
* to the H-branch of the first magic tee comprising in the -

order cited: a first channel of a first short slot hybrid,.

a first TR ceil, a first channel of a second short slot
hybrid ‘and a matched términating impedance, the wave
guide connected to the H-branch of the second magic

40

external wave field, ‘traveling: along the waveguides inter-
connecting ‘the H- and E-branches respectively, -on ar-

rival ‘at the signal handling means have a phase differ-

ence .of a: whole multiple of A/2, zero. included, ‘a

comparator. circuit having inputs to which the outputs:
of said SIgnal handling  means -are connected, a servo-.
) Vsystem that is controlled by the comparator circuit and
that is ‘adapted for rotating the antenna around said. .
axis; the wave guide connected to the H-branch of the-
- first magic tee comprising in the order cited: a first chan-

nel of a first short slot-hybrid, a first- TR cell, a first
chanuel .of a second short ‘slot hybrid and a matched
terminating. impedance, the wave ‘guide connected to the

H-branch of the second .magic -tee comprising ‘in ‘the. -

order cited: a.- second channel of said second short slot
hybrid, a-second TR cell, a second channel of said first

short slot-hybrid and a source of hlgh frequency pulses,”

‘a microwave switch being provided in the wave guide

joining the 'E-branches of both magic tee’s, and means-
synchronizing.the closing rhythm of said microwave switch -

with' the source of ‘high frequency pulses such that said

- E-branches- are isclated from each other as long as a
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“high frequency pulse-is present in the systemi:

/9. An. antenna array, comprising-a centerfed hnear
array, the halves of which are connected to the equivalent
branches of ‘a first magic tee, the E- and H-branch re-
spectively of: Wthh are connected to the E- and H-branch
respectively ‘of a second magic tee; in the equivalent
branches .of which the inputs of two: identical .signal
handling means -are arranged, the lengths of the wave

-guides 1nterconnectmg the E-and H-branches-respectively

of the ‘magic tees being so chosen- that the-electrical
distances, are such that the signal from an external wave

field; traveling ‘along the waveguides interconnecting the’
H- and E- branches respectively, on-arrival at the signal -
handling means have a phase difference of a whole mul-
- tiple-of A/2, zero included, the wave guide. connected to

the H-branch of the first ‘magic tee comprising in the

order. cited: a. first channel of a first short slot hybrid, .

a first TR cell, a first channel of a second short slot hy-:

brid ‘and. a matched ' terminating impedance, the wave
guide.connected to the H-branch of the second magic tee: .

comprising in the order cited: a second channel of said
second short slot hybrid, a second TR cell, a second chan-

‘nel of said first short slot hybrid and a-source of high

70
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_frequency pulses, a heterodyning -oscillator that ‘is cou-

pled to the one of the branches of the second magic tee

“:through a dlrecuonal coupler a microwave switch being
provided -in the wave gmde joining the E-branches of

both magic tee’s, and means- synchronizing the closing
thythm of said microwave-switch with the source of high
frequency pulses such_that E-branches-are isolated from
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" each other as long as a high frequency pulse is present

in the system.

10. An antenna array, comprising a centerfed linear
array, rotatable about an axis at right angles to the di-
rection along which the linear array extends and the main
radiating plane of said array, the halves of which are
connected to the equivalent branches of a first magic tee,
the E- and H-branch respectively of which are connected
to the E- and H-branch respectively of a second magic
tee, in the equivalent branches of which the inputs of
two identical signal handling means are arranged, the
lengths of the wave guides interconnecting the E- and
H-branches respectively of the magic tee being so chosen
that the electrical distances are such that signals from an

. external wave field, traveling along the waveguides in-

terconnecting the H- and E-branches respectively, on ar-
rival at the signal handiing means have a phase difference
of a whole multiple of A/2, zero included, a comparator
circuit having inputs to which the cutputs of said signal
handling means are connected, a servo system that is
connected to the comparator circuit and that is adapted for
rotating the antenna around said axis, the wave guide
connected to the H-branch of the first magic tee com-
prising in the order cited: a first channel of a first short
slot hybrid, a first TR cell, a first channel of a second
short slot hybrid and a matched terminating impedance,
the wave guide connected to the H-branch of the second
magic tee comprising in the order cited: a second channel
of said second short slot hybrid, a second TR cell, a
second channel of said first short slot hybrid and a source
of high frequency pulses, a heterodyning oscillator that
is coupled to the one of the branches of the second magic
tee through a directional coupler, a microwave switch
being provided in the wave guide joining the E-branches
of both magic tee’s, and means synchronizing the closing
rhythm of said microwave switch with the source of high
frequency pulses such that said E-branches are isolated
from each other as long as a high frequency pulse is
present in the system.

11. An antenna array which is rotatable about two
axes at right angles to each other, comprising two center-
fed linear arrays having a fixed position with respect to
each other, these linear arrays being so suspended that the
first and second linear array are always at right angles to
the first and second rotation axis respectively, both
halves of the first and second linear array respectively
being connected to opposite branches of a first and second
turnstile junction respectively, the central (round) branch-
es of said turnstile junctions being connected to each
other, a second and first pair of identical signal handling
means respectively being connected to the remaining op-
posite branches of said first and second turnstile junction
respectively.

12, An antenna array which is rotatable about two axes
at right angles to each other, comprising two centerfed
linear arrays having a fixed position with respect to each
other, these linear arrays being so suspended that the
first and second linear array are always at right angles to
the first and second rotation axis respectively, both halves
of the first and second linear array respectively being
connected to opposite branches of a first and second
turnstile junction respectively, the central {round) branch-
es of said turnstile junctions being connected to each
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other, a second and first pair of identical signal handling
means respectively being connected to the remaining op-
posite branches of said first and second turnstile junction
respectively, a first comparator circuit being connected to
the outputs of said first pair of signal handling means,
the output of said first comparator circuit being connected
to the control input of a servo system adapted for rotat-
ing the antenna array about said first axis, a second com-
parator circuit being connected to the outputs of said
second pair of signal handling means, the output of said
second comparator circuit being connected to the input
of a servo system adapted for rotating the antenna array
about said second axis.

13. An antenna array comprising at least one center-
fed linear array, the halves of which are connected to a
pair of signal handling means through two hybrid junc-
tions, in such a way, that signals corresponding to the
even pattern of the linear array reach the signal handling
means in phase, while signals corresponding to the odd
pattern of the linear array reach the signal handling
means in counterphase.

14. An antenna array as claimed in claim 1 compris-
ing microwave switches in intermediate parts of each
half of the linear array.

15. An antenna array
ing microwave switches
half of the linear array.

16. An antenna array
ing microwave switches
half of the linear array.

17. An antenna array
ing microwave swiiches
half of the linear array.

18. An antenna array
ing microwave switches
half of the linear array.

19. An antenna array
ing microwave switches
half of the linear array.

20. An antenna array
ing microwave switches
half of the linear array.

21. An antenna array
ing microwave switches
half of the linear array.

22. An antenna array
ing microwave switches
half of the linear array.

23. An antenna array as claimed in claim 10 compris-
ing microwave switches in intermediate parts of each
half of the linear array.

24, An antenna array as claimed in claim 11 compris-
ing microwave switches in intermediate parts of each
half of at least one of the linear arrays.

25. An antenna array as claimed in claim 12 compris-
ing microwave switches in intermediate parts of each
half of at least one of the linear arrays.

as claimed in claim 2 compris-
in intermediate paris of each

as claimed in claim 3 compris-
in intermediate parts of each

as claimed in claim 4 compris-
in intermediate parts of each

as claimed in claim 5 compris-
in intermediate parts of each

as claimed in claim 6 compris-
in intermediate parts of each

as claimed in claim 7 compris-
in intermediate parts of each

as claimed in claim 8 compris-
in intermediate parts of each

as claimed in claim 9 compris-
in intermediate parts of each
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