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MULTI-FREQUENCY RADAR APPARATUS WITH
) ROTATABLE BACK-TO-BACK ANTENNAS - -
Maurice Henry Easy, Ronald Lawrence Burr, and Leslie

John Street, all of London, England, assignors to The

Decea Record Company Limited, London, England,

a British company

Filed Jan. 28, 1959, Ser. No. 789,621
11 Claims. (Cl. 343—75)

This invention relates to radar apparatus of the kind
having a rotatable aerial system.

According to the invention in radar apparatus having
a rotatable aerial system, the aerial system has two aerials
mounted back-to-back and two rotatable couplers for
coupling respectively the two aerials to fixed feed sys-
tems, there are provided two or more transmitters ar-
ranged to operate on different frequencies, and coupling
means for combining the outputs from the transmitters
into a single feed system and for dividing the combined
output between the two rotatable couplers for feeding re-
spectively the two aerials whereby signals of all the trans-
mitted frequencies are radiated in two opposite direc-
tions. Each aerial may comprise a single radiating ele-
ment arranged to radiate signals of two ‘or more different
frequencies. :Alternatively each aerial may comprise two
or ‘more radiating elements, e.g. horns, associated with
a single reflector, frequency separating means being pro-
vided for separating the signals from the transmitters
into different frequency components for each of the radi-
ating elements. These frequency separating means may
be mounted in the rotatable part of the aerial system so
that. each rotatable coupler may be used for signals of
two or more frequencies. .

The radiating elements may be positioned and the fre-
quencies chosen so that each aerial provides two or more
beamns in the same azimuthal direction but having dif-
ferent coverage patterns in the vertical plane. It is thus
possible to obtain different coverage patterns with only
one rotating aerial system.

The invention may be applied not only to pulse radar
apparatus but also to frequency-modulated radar ap-
paratus provided the frequencies employed are such that
the frequency separating means can separate the fre-
quency bands of the separate transmiiters.

If two frequencies are to be radiated, the frequency
separating. means may conveniently comprise a pair of
3 db directional couplers connected together by trans-
mission lines of different effective length.

As is the general practice with radar apparatus at the
present day, the aerial system may be used both for
radiating signals from the transmitters and for receiving
echoes of the radiated signals from distant targets. In
one such arrangement, duplexers are arranged between
the coupling means and each rotatable coupler and fre-
quency separating devices are provided (which may be
similar to that employed for separating the signals to be
radiated) for separating the received signals passing
through each duplexer into components of the two or
more frequencies, which received sigpals are fed into
separate receiving units. The received signals after rec-
tification may be fed to separate display units and/or may
be combined in a common display unit.

The following is a description of a number of embodi-
ments of the invention, reference being made to the ac-
companying drawings in which:

FIGURE 1 is a block diagram of a radar apparatus;

FIGURE 2 is a diagram illustrating a construction of
an aerial system for use in the radar apparatus of FIG-
URE 1; and
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FIGURES 3, 4 and 5 are block diagrams illustratin
further forms of radar apparatus. _

Referring to FIGURE 1, there are illustrated diagram-
matically two transmitters 10 and 11 which in this par-
ticular embodiment are pulse transmitters producing short
duration pulses of microwave frequency signals. The
radio frequencies of the transmitters 10 and 11 will be
referred to hereinafter as f, and fa respectively. The
outputs of these two transmitters 18, 11 are fed by means
of waveguides 12, 13 into two inputs of a 3 db branched
guide directional coupler 14 so that the signals are com-
bined and divided equally between each of two output
waveguides 15, 16 from this directional coupler 14. These
two guides 15, 16 will thus each carry signals of fre-
quencies f; and f,, the power from each of the two trans-
mitters being divided equally between the two guides.
This output power from the transmitters is fed through
duplexers 17, 18 to two rotatable couplers 19, 28 which
feed the transmitted power into waveguide feeds 21, 22
on a rotatable aerial system 23. As shown in FIGURE
2, which illustrates the aerial system diagrammatically,
this rotatable aerial system has two parabolic reflectors
24, 25 mounted back-to-back, the reflector 24 being il-
luminated by a pair of horns 26, 27, whilst the reflector
25 is illuminated by a pair of horns 28, 29. The aerial
system may be rotated in any convenient manner illus-
trated diagrammatically in FIGURE 2 as being by a
motor 30 through gearing 3%, The reflectors may. be
shaped and the horns positioned to give required direc-
tional patterns to the beams in the well known manner.

Referring again to FIGURE 1, the output through
waveguide 21 from the rotatable coupler 19 contains
transmitted signals of the frequencies f; and f; and these
signals are applied to a frequency separating device 40
which separates the two frequencies and feeds signals
only of frequency f, through a waveguide 41 to the horn
26-and feeds signals only of frequency f, through a wave-
guide 42 to the horn 27. Similarly the output from the
rotatable coupler 20 is applied to a second frequency
separating device 43 which divides signals into the com-
ponents of frequencies f; and f, which are fed respec-
tively by means of waveguides 44, 45 to the horns 28,
29. Each of the frequency separating devices 40, 43 is
illustrated diagrammatically in FIGURE 1 as compris-
ing two 3 db branched guide directional couplers 46, 47.
For each frequehcy separator, the output from the asso-
ciated rotatable coupler 19 or 20 is fed into one input
of the directional coupler 46 and the two outputs of
that directional coupler are connected by separate trans-
mission lines 48, 49 of different lengths to the two in-
puts of the second directional coupler 47. The trans-
mission line 49 preferably contains an adjustable phase
shifter (not shown) to form an adjustable line length-
ener. In such a frequency separating device, which. is
known per. se, the relative lengths of the two connections
48, 49 between the two couplers 46, 47 can be adjusted
so that an input signal containing components of the
two frequencies is separated into its two components
in the two outputs from the second directional coupler
47. In such an arrangement, at the first coupler 46,
signals of both frequencies are divided equally between
the two connecting lines and thus equal components are
fed into the two inputs of the second coupler. By a
suitable adjustment of the relative lengths of the two
connecting lines, in any one output of the second cou-
pler, signals of only one frequency are present as any
signals of the other frequency can be cancelled out owing
to the two inputs after mixing in the second coupler being
in phase opposition due to the'different lemgths of the
two lines. In the second output, only componenis: of
this other frequency would be present, components of the
first frequency being cancelled out.
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... Tt will be seen that the arrangement thus far described
provides for transmission on four different directiomial
beams making use of two different radiated frequencies.
Jt will be appreciated that it is readily possible to -pro-
Vide two rotatable couplers on one rotating aerjal as-
gembly, but it is very difficult to provide more than two
such_couplers, By the above-described arrangement it
s thus possible to make use of one rotating aerial sys-
.fem to provide four different directional beams making
.Juse of two différent radiated frequencies and having only
Awo rotatable couplers. In the particular embodiment
.described the aerial system is rotated for scanning in the
;azimuthal plane and these four beams may conveniently
be at different elevations so that a_very wide " elevation
.overage may be obtained. The two signals fed into
any one reflector are of different frequencies. Since the
reflectors are mounted back-to-back, no interference
-would arise due to the use of the same frequencies for
two radiating elements feeding two different reflectors, In
.the particular embodiment described, the outputs of the
Awo_transmitters 10, 11 are combined by a 3 db coupler
14 so that the output of each transmitfer is divided
-equally between the two rotatable couplers 19, 20. In
,Some cases it may be desired, however, to divide the
Jbower unequally; for example, it may be_required to
.radiate more power in a long rarge low _elevation beam
-than in a higher elevation beam and the coupling means
.14 in that case can be arranged to divide the power ap-
propriately. = . e
-, The aerial system of FIGURES 1 and 2 is used both
Jfor. radiating signals from the transmitters and for re-
ceiving echoes of the radiated sigrals from- distant tar-
.gets.  Each of the horns 26—29 will pick up signals of
.the two reflected frequencies. Tt will readily be seen,
JHowever, that the frequency separating device 40 will
serve to combine signals of frequency f; from horn 26
.and f; from horn 27 and to feed the ‘combined signals
.Anto the rotatable coupler 19 whilst the frequency: sepa-
JTating: device 43 will serve to combine_signals' of fre-
.quency f, from horn 28 and f, from horn 29 -and. feed
.the combined signals into the rotatable coupler 20. Con-
;sidering  the received signals passing through the -ro-
.tatable coupler 19, these are fed through the duplexer 17
Jnto a further frequency separating device 50, which
,may be similar to the frequency separating device 40, 43
.and which separates the received sigmals:into the two
_Irequency components f; and f, which are fed respec-
tively to separate receiving units 51, 52. Similarly the
“duplexer 18 feeds the received signals from horns. 28,
;29 into a frequency separator' 53, which_may be similar
“to the frequency separators 40, 43 and which feeds sig-
-nals of frequency f; to a receiving unit 54 -and-signals
_of frequency f2 to a receiving unit 55,  The receiving units
51, 52,54 and 55 contain local oscillators and mixers
fo provide intermedijate frequency output signals which
-are then fed to a display data compiler 56, where ‘the
.appropriate signals are selected and fed to various dis-
-Play units such’ as the units 57, 58, 59 as required. The
;data compiler 56 may have switching means so that such
.display units may display signals received on any single
.one or any combination of the horn 26 to 29. If cov-
erage is only tequired over 180° azimuth, r switching
‘may be employed. That is to say the .received signals
rom two different beams in directions 180° apart are
. Switched alternately to a display.as the aerial rotates so
“that signals from each beam are displayed as that beam
"‘sv,v_eeps‘through‘thg required sector. )

.. FIGURE 3 illustrates a modified form of the-arrange-
ient of FIGURE. 1 and similar reference characters are
_use to indicate similar components, In the following -de-
'scription mention will only be made of the distinctive
“features of FIGURE 3. .In FIGURE 3, instead of hav-
-ing two separate horns associated with each of the re-
“flectors 24, 25, the reflector 24 has a single horn 60 whilst
“the teflector 25 has a single horn 61. No frequency sepa-

10

15

20

25

30

4

rating means are provided in the rotatable aerial system

"23 'and the two horns 60, 61 are thus each separately

fed with signals of both frequencies f; and f,. The re-
ceived signals are separated in frequency as in the ar-
rangement of FIGURE 1 and, assuming that the aerial
system is not appreciably frequéncy sensitive so that the
'signals ‘of -frequenicy -/, and f; from a single horn give
the same directional pattern, the arrangement of FIGURE
-3 provides two beams-in opposite directions, which may
_be -at different elevations if desired, with dual frequency
diversity in each beam and the possibility of selecting
received signals of ‘either ‘one-of the frequencies in each
beam or of using the combined signals as desired. It
will be appreciated that such an arrangement offers very

“considerable advantages ‘over ‘a ‘single frequency ‘system

in conditions of interference by enabling separate dis-
plays to be given of réceived signals on two ‘different
frequencies, =~ = , ,

The arrangement of FIGURE “4 is genérally similar
to that of FIGURE 1 and similar - reference ' characters

are used 'to indicate ‘corresponding components. In ‘the
-arrangement of FIGURE 4, however, switch ‘means 70
are provided for feeding the output from the rotatable
‘coupler 19 directly ‘into the horn 26 instead ‘of feeding

it via the frequency separator 40 info the two hortis 26,
27. - Likewise switch ‘means 71 enable the ‘output of the

directional coupler 20 to be fed directly into the Hoin
28 instead of being fed via tHe frequency Separator ‘43
into the two horns 28, 29. -Switch means 72 are pro-

vided for feeding the outputs of the Teceivers 51,-52info

“an " adding_unit 73 or -alternatively into two “separate

output ‘circuits 74, 75 ‘whilst the ‘switch ‘méans 76 ‘en-

“able the output from the receiving units 54, 55 to be fed

together ‘into’ an adding unit 77 or to be fed separately

35

to-output circuits 78, 79. The ‘arrangement of FIGURE
4 thus'is in effect a combination of the arrangements of

FIGURES 1 and 3 providing ‘alternatively ‘a four béam
system or a two beam system with dual-frequency” diver-

‘sity on each beam.

In the'arrangement of FIGURE 5 thére dre thrée tiafis-

‘mitters 80, 81, 82 which operate to produce ‘short diira-
‘tion microwave pulses on three different radio frequenciés

~f1, foand f; respectively. “The otitputs from the transnit-
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ters 80 and 81 are combined ‘in a combining unit 83

which is illustrated ‘as comprising two 3 db branched

‘guide directional couplers 84, 85 connected together with
‘two " transmission lines 86, 87 of different lengths -ar-
‘ranged so-that when outputs of-frequencies f;, f5 are fed

into the two inputs respectively of the directional coupler

50 _"'2‘3:4,"11;.e5w1’1'o>1¢;9f these two output signals-are combined
‘and fed-into’ a"sirigle output ‘guide 88. This output’ guide
isconnected-to-one-input-of a-3°db-directional coiipléer

89 the other input of which-is ‘connected to- the ‘trans-

‘mitter ‘82, -‘This directional coupler : thus “corabines the

outputs ‘of all three transmitters and divides them equally

“between two output guides 90,91 which lead respéctively

via duplexers' 92, 93 to two rotatable couplers 94,-95.
‘Thus half the power of -all the three transmitters is fed
through one-of the rotatable couplers-and: the other half
of the power is fed through the-other rotatable coupler.

The aerial system illustrated in FIGURE 5 is similar

to that 'of FIGURE 1 and -comprises two reflectors 24,
25, the reflector 24 having two associated horas: 26, 27
. Wwhilst the Teflector 25 has two horns 28, 29. The signals

from the rotatable’ coupler 94 are fed into a freqiency
_separator ‘96 which separates the signals of frequency

f5-and feeds -these signals’ into’ the horn 27 ‘whilst the
signals of frequencies fr and fy are fed together into the

~horn'26. ~Similarly the ouiput from the rotitable coupler

95 is-fed to-a frequency separator-97 which feeds: the
signals of frequency f; int6 the horn 29 and the signals: 6f
frequencies f, and f, together into the horn 28. The re-
ceived “signals from the -horns 26, 27 are combined by
the frequency separator 96 and fed through the rotstable
coupler 94 and duplexer 92 to a frequency® separator
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98 which separatés the signals intd the three different
frequency components and feeds them to separate re-
ceiving units 100, 101, 202. These receiving units feed
separate intermediate frequency signals to a display data
compiler 103 similar to the compiler 56 of FIGURE 1
which . enables the required information to be selected
and displayed on display units such as the units 184,
105 and 106. Likewise the signals received by the horns
28, 29-are combined by the frequency separator 97 and
fed through the rotatable coupler 95 and duplexer 93 to
a further frequency separator 107 which separates the
signals into the three separate frequency components and
feeds them respectively to three receiving units 108, 109,
110. The outputs of these receiving units are then fed
to the aforementioned display data compiler 163.

It will be seen that the arrangement of FIGURE 5
provides a four beam system with dual frequency diver-
sity on two of the beams. This is particularly advantage-
ous since the dual frequency diversity may only be re-
quired on the lower elevation beams used for detecting
from distant targets. It will further be noted that with
the arrangement of FIGURE 5 any failure of either the
transmitter 80 or the transmitter 81 leaves the system
working without any necessity for any attention to the
equipment. Switches 111 and 112 are provided, which
switches are arranged so that, if the third transmitter 82
should fail, by the operation of these switches 111 and
112, the output of the second transmitter 81 may be fed
directly into the 3 db directional coupler 89 in place of
the output from the third transmitter 82 so immediately
restoring operation to a four beam system.

It will be immediately apparent that the system of
FIGURE 5, by the omission of the frequency separators
96, 97, might be arranged to feed signals of all three
frequencies into a single horn associated with one re-
flector as in the aerial system of FIGURE 3 thereby
giving a two beam system with triple frequency diversity
on each beam. In another modification of the arrange-
ment of FIGURE 5, three horns might be associated
with each of the reflectors 24, 25 and each of the fre-
quency separators 96, 97 of FIGURE 5 arranged to
separate the signals into the three separate frequencies
which are fed respectively to different horns so thereby
giving a six beam system.

We claim:-

1. In radar apparatus having a rotatable aerial system
with two aerials mounted back-to-back; the combination
of at least two transmitters arranged to operate on differ-
-ent frequencies, two fixed feed systems, two rotatable
couplers coupling the fixed feed systems respectively to
the two aerials, and coupling means between the trans-
mitters and said fixed feed systems combining the outputs
from the transmitters and dividing the combined output
between said two fizxed feed systems whereby signals of
all the transmitter frequencies are radiated in two opposite
directions.

2. The combination as claimed in claim 1 wherein
each aerial comprises a single radiating element arranged
to radiate signals of all the transmitted frequencies.

3. The combination as claimed in claim 1 wherein
each aerial comprises a plurality of radiating elements
not exceeding the number of transmitted frequencies and
wherein, for each aerial, frequency separating means are
provided between the rotatable coupler and the radiating
elements to separate. the signals from the transmitters
into different frequency components for each of the
radiating elements.

4. In radar apparaius having a rotatable aerial system
with two aerials mounted back-to-back; the combination
of at least two transmitters arranged to operate on dif-
ferent frequencies, two fixed feed systems, two rotatable
couplers coupling the fixed feed systems respectively to
the two aerials, coupling means between the transmitters
and said fixed feed systems combining the outputs from
the transmitters and dividing the combined output be-
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‘tween said two fixed feed systeris whereby signals of all
the transmitter frequencies are radiated in two opposite
directions, two duplexers arranged one in each of said
fixed feed systems, and two frequency separating means
coupled respectively to said two duplexers to separate re-
ceived signals passing through each duplexer into com-
ponents of the different frequencies.

5. The combination as claimed in claim 4 wherein, to
each of said two frequency separating means are coupled
a number of separate receiving units, one for each of
the separated frequencies.

6. Radar apparatus comprising a rotatable aerial sys-
tem with two aerials mounted back-to-back, each aerial
having two radiating elements, two transmitters arranged
to operate on different frequencies, two fixed feed systems,
coupling means between the transmitters and said fixed
feed systems combining the outputs of the two trans-
mitters and dividing the combined output between said
two fixed feed systems to feed signals of both said dif-
ferent frequencies into each of said fixed feed systems,
two frequency separating means mounted on said ro-
tatable aerial system and associated respectively with
the two aerials, each frequency separating means being
arranged to separate signals of said two different fre-
quencies and being coupled to the associated radiating
elements to feed signals of different frequencies to the
two elements, and two rotatable couplers coupling said
two fixed feed systems respectively to said two frequency
separating means.

7. Radar apparatus as claimed in claim 6 wherein
said coupling means are arranged to divide the combined
output of the two transmitters equally between said two
fixed feed systems.

8. Radar apparatus comprising a rotatable aerial sys-
tem with two aerials mounted back-to-back, each aerial
having two radiating elements, two transmitters arranged
to operate on different frequencies, two fixed feed sys-
tems, coupling means between the transmitters and said
fixed feed systems combining the outputs of the two
transmitters and dividing the combined output between
said two fixed feed systems to feed signals of both said
different frequencies into each of said fixed feed systems,
two frequency separating means mounted on said ro-
tatable aerial system and associated respectively with
the two aerial, each frequency separating means being
arranged to separate signals of said two different fre-
quencies and being coupled to the associated radiating
elements to feed signals of different frequencies to the
two elements, two rotatable couplers coupling said two
fixed feed systems respectively to said two frequency
separating means, the frequency separating means being
arranged to act as frequency combining means for re-
ceived signals, two duplexers arranged one in each of said
fixed feed systems and two further frequency separating
means coupled respectively to said two duplexers to sep-
arate received signals passing through each duplexer into
components of said two different frequencies.

9. Radar apparatus as claimed in claim 8 wherein the
two radiating elements of each aerial have a common
reflector, the two reflectors being mounted back-to-back.

10. Radar apparatus comprising a plurality of trans-
mitters arranged to operate on different frequencies, a
rotatable aerial system having two aerials mounted back-
to-back, each aerial having a number of radiating ele-
ments equal to the number of different frequencies, two
fixed feed systems, coupling means between the trans-
mitters and said fixed feed systems combining the oui-
puts of the transmitters and dividing the combined out-
put between said two fixed feed systems to feed signals
of all said different frequencies into each of said fixed
feed systems, two frequency separating means one for
each aerial mounted on said rotatable aerial system, each
frequency separating means being arranged to separate
signals of said different frequencies and coupled to the
associated radiating elements to feed signals of the vari-
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ous. different frequencies separately to the radiating. ele- two duplexers to separate received signals passing through
snents, and two rotatable couplers coupling said two each duplexer irto .components of sa.ld different ~fre-
fixed feed systems respectively to saud two frequency quencies. .

’separatmg means.

11. Radar apparatus as claimed in claim 10 wherem 5 References.Cited in the file of this patent

the frequency separating means are arranged to act as ‘UNITED 'STATES PATENTS

frequency combining ‘means for received signals and 2,627,069 Huber et ale o __ “Jan. 27, 1953
wherein there are provided two duplexers arranged one

ineach of said fixed feed systems and two further fre- FOREIGN PATENTS

‘queéncy separating ‘means coupled respectively to said 10 797,367 < Great Britain oo __ “July 2, 1958




