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. It will be seen that the arrangement thus far described 
provides for transmission on four different directional 
beams making use of two different radiated frequencies. 
It will be appreciated that it is readily possible to pro 
vide two rotatable couplers on one rotating aerial as 
sembly, but it is very dificult to provide more than two 
such couplers. By the above-described arrangementit 
is thus possible to make use of one rotating aerial sys 
.tem to provide four different directional beams making 
use of two different radiated frequencies and having only 
two 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 
goverage 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 
tyo radiating elements feeding two different reflectors. In 
the particular embodiment described, the outputs of the 
two transmitters 10, 11 are combined by a 3 db coupler 
14. so that the output of each transmitter is divided 
equally between the two rotatable couplers 19, 20. In 
Some cases it may be desired, however, to divide the .poyer unequally; for example, it may be required to 
.radiate more power in a long range low elevation beam 
i 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 
for radiating signals from the transmitters and for re 
ceiving. echoes of the radiated signals from distant tar 
gets, Each of the horns 26-29 will pickup signals of 
the two reflected frequencies. It wili readily be seen, 
however, that the frequency separating device 40 will 
Serye to combine signals of frequency f, from horn 26 
and fg from horn 27 and to feed the combined signals inte the rotatable coupler 19 whilst the frequency sepa 
rating device 43 will serve to combine signais 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 
.into a further frequency separating device 50, which 
may besimilar to the frequency separating device 40, 43 
and which separates the received signals into the two 
.frequency components f, and f, Which are fed respec 
tively to separate receiving units 51, s2. 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 f, to a receiving unit 55. The receiving units 
.51, 52, 54 and 55 contain local oscillators and mixers to provide intermediate 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 required over 180° azimuth, T switching 
may be employed. That is to say the received signals 
from 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 "Sweeps through the required sector. . . 

- FIGURE 3 ilustrates a modified form of the arrange 
.ment 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. 
ting two separate horns associated with each of the re 
flectors 24, 25, the reflector 24 has a single horn 60 whilst 
`the reflector 25 has a single horn 61. No frequency sepa 
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4 
rating means are provided in the rotatable aerial system 

i 23 and the two horns 60, 61 are thus each separately 
fed with signals of both frequencies f. and f2. 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 frequency sensitive so that the 
signals of frequëncy.f. 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 received signals on two diferent 
frequencies. , - - , : - 

. The arrangement of FIGURE 4 is generally 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 offeeding 
it via the frequency separator 40 into the two horns26, 
27. Likewise switch means 71 enable the output of the 
directional coupler 20 to be fed directly into the horn 
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 receivers 51, 52'into 
an adding unit 73 or alternatively into two separate 
output circuits 74, 75 whilst the switch mëans 76 en 
*able the output from the receiving units 54, 55 to befëd - together into an adding unit 77 or to be fed separately 35. 

40 

to putput circuits 78,79. The arrangement of FIGURË 
4 thus is in effect a combination of the arrangements of 
FIGURES 1 and 3 providing alternatively a four beam 
System or a two beam system with dual-frequency diver 
sity on each beam. 
in the arrangement of FIGURE 5 thëre are three trans 

mitters 80,81, 82which operate to produce short dura 
tion microwave pulsës on three different radio frequenciës 

i fi, f. and f, respectively. The outputs from the transmit 
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ters, 80 and 81 are combined in a combining unit 83 
which is ilustrated as comprising two 3 dbibranched 
guide directional couplers 84, 85 connected together with 
two transmission lines 86, 87 of different lengths ar 
ranged so that when outputs of frequencies f1, f. are fed 
into the two inputs respectively of the directional coupler 

50 84, the whole of these two output signals are combined 
and fedinto a single output guide 88. This output guide 
is connected to one input of a-3 db directional coupler 
89 the other input of which is connected to the trans 

i mitter 82. This directional coupler thus combines the 
outputs of all three transmitters and divides them equally 
between two output guides 90, 91 which lead respectively 
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 ilustrated in FIGURE 5 is similar 

to that of FIGURE.1 and comprises two reflectors 24, 
25, the reflector 24 having two associated horns 26, 27 
whilst the reflector 25 has two horns 28, 29. The signals 

65 - - - - - - - - - - - - - - - - . Separator 96 which separates the signals of frequency 
from the rotatable coupler 94 are fed into a frequency 
f; and feeds these signals into the horn 27 whist the signals of frequencies fi and f, are fed together into the 
horn 26. “Similarly the output from the rotatable coupler 
95 is fed to a frequency separator 97 which feeds the 
signals of frequency fa into the horn 29 and the signals of 
frequencies f, and fe together into the horn 28. The re 
ceivedi signals from the horns 26, 27 are combined by 
the frequency separator 96 and fed through the rotatable 
coupler 94 and duplexer 92 to a frequency, separator 
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98 which separates the signals into the three different 
frequency components and feeds them to separate re 
ceiving units 100, 101, 102. 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 104, 
105 and 1.06. 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 103. 

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 
sent frequencies, two fixed feed systems, two rotatable 
tcouplers 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 fixed feed systems whereby signals of 
all the transmitter frequencies are radiated in two opposite 
directions. 

2. The combination as claimed in claim 1 wherein 
teach 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 apparatus 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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6 
tween said two fixed feed systems 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 aeriali 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 out 
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 
ments, and two rotatable couplers coupling said two 
fixed feed systems respectively to said two frequency 
separating means. - 

11. Radar apparatus as claimed in claim 10 wherein 5 
the frequency separating means are arranged to act as 
frequency combining means for received signals and 
wherein there are provided two duplexers arranged one 
in each of said fixed feed systems and two further fre 
'quency separating means coupled respectively to said 10 

8 
two duplexers to separate received signals passing through 
each duplexer into components of said different fre 
quencies. . ' , 
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