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The present invention relates to radio com-
munication systems and it has for its object to
provide a radio communication system for com-
munication between g central station and a plu-
rality of stationary or mobile substations.

All the requirements of 4 flexible intercom-
munication system connecting s, number of fixed
positions are fully met by 2 modern telephone
cystem employing cables. Wrere, however, ail
the points to be Interconnected are mobile, the
employment of radio as the Inter-connecting link
. becomes essential. Where the requirements are

“for the provision of a number of separate chan-
nels of communication between two main cen-
- tres, the substitution of radio transmission for
cables presents few problems as-the modulation
" frequency spectrum may readily be subdivided
as in the case of carrier telephony and only
two carrier frequencies may be required. This
method becomes Impracticable, however, in the
case where the termination of each channel is at
" a different location as, although the transmission
from the main or central station remains the
same, the return channel from each receiving
location or substation would have to be made on
separate carrier frequencies with corresponding
receiving equipment at the central station. Such
a system is therefore only slightly less compli-
cated than tre employment of self-contained
radio Hnks for each location or substation.

In the system according to this invention about

to be described radio carrier transmission is sub-

stituted for cables whilst retaining all the prin-
cipal advantages of the latter systems and in
addition the whole system may be made more
fléxible if desired, . ‘

According to one aspect of the present inven.
tion in a radio communication system for com-
munication between g central station and a plu-
rality of stationary or mobile substations, at the
central station each of a plurality of signal chan-
pels is arranged to modulate its respective sub-
carrier frequency, and all the sub-carrier fre-
quencies are combined together to modulate a
principal carrier frequency, one or both of the
side-bands of the modulated principal carrier
frequency being radiated with or without the
principal carrier frequency and at each sub-
station the said side-band or side-bands with
or without the principal carrier frequency are
received and one or more of the modulated sub-
carrier frequencies is/are obtained therefrom.

According to another aspect of the invention,
in a radio-communication system for communi-
cation between a central station and a plurality
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of mobile substations, at the central station, a
plurality of signal channels each modulates its
respective sub-carrier frequency and all the sub-
carrier frequencles are combined together to
modulate a principal carrier frequency, one or
both the side-bands of the modulated principal
carrier frequency with or without the principal
cairrler frequency being radiated and at each
substation the sald side-band or side-bands with
or without the principal carrier frequency is/are
received and one or more of sald sub-frequencies
obtained theréfrom snd also at a substation, the
sald principal carrier frequency is generated or
derived and modulated by a sub-carrier fre-
quency modulated by a signal wave for come
munication to the central station, the modulated
principal carrier frequency being radiated from
said substation, and received at the central sta-
tion and the modulated sub-carrier from the said
substation obtained from said modulated prin-
cipal carrier frequency received at said central
station. ' . .

In carrying the invention into practice a2 wave
rich in harmonics is used to modulate an oscil-
lator, and the side band frequencles so produced
are then separated so as to provide individual
sub-carriers, one for each required channel,
Means are provided for modulating each sub-
carrier and the modulated sub-carriers are then
combined and, as a whole, heterodyned up to the
required transmission frequencies by = local os-
cillator of the principal carrier frequency, say
fe or fc may be modulated and the requisite side-
bands selected. The output is therefore g num-
ber of modulated signals, rigidly related to each
other which may all be transmitted by the same
transmitter and aerial array.

“The receiving substations for the channels
consist of similar equipments comprising an am-
plifier and a local oscillator of, or means for
deriving frequency fe, which is caused to hetero-
dyne the received signals so producing the initial
series of modulated sub-carriers generated at the
transmitter and from these sub-carriers the re-
spective one is selected "and  demodulated in
known manner. ‘

For transmitting a signal in the reverse direc-
tion, namely from a substation to the central
station thereby providing a two-way communi~
cation link, an oscillator of the same sub-carrier
frequency as that providing the particular re-
ceived channel in question is incorporatéd in the
receiver, and then by suitable switching arrange-
ments this frequency is modulated by the signal
and heterodyned by or caused to modulate oscil-
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1ator fo, and the alternative side-band or derived
frequency to that selected at the central station is
used for the return transmission, suitable switch-
ing arrangements being provided for the high fre-
quency circuits, to perform this function. At the
central station means are provided for receiving
the return transmissions from all the substations
the received oscillations are heterodyned by the
same oscillation of frequency fo so producing sub-
carriers of the same frequencies as those em-
ployed for the transmission from the central sta-

tion. By suitable switching arrangements the .

same selection circuits are employed to select the
appropriate signal which is then demodulated.
It is therefore apparent that each channel can be
used independently, the selection equipment at
the central station being arranged and operated
similarly to a normal telephone exchange panel,
the operator of which has no adjustments to
make in connection with the transmission.

A radio system according to the invention is
particularly applicable where the area of opera-
tion is limited, so that comparatively high fre-
quency radio transmission can be employed, with
low power radiation, as the individual receivers
are then correspondingly simpler due to the pos-
sible dual use of high frequency sections. All the
filtering of channel sub-carrier frequencies is at
radio frequency level with corresponding saving
in size and weight of equipment as compared with
low frequency filtering.

In the event of an emergency such as might
occur should the central station be put out.of
action, means may readily be provided for per-
mitting intercommunication directly between in-
dividual sub-stations. _

The invention will be made clearer in the fol-
lowing description of some embodiments of the
invention illustrated in the accompanying draw-
ings and given by way of example. ’

In the drawings:

Figure 1 shows diagrammatically the circuit ar-
rangements of the central station and two sub-
stations; . s .

PFigure 2 is an explanatory diagram showing a
channel frequency distribution in the frequency
spectrum; ) T

Figure 3 is an explanatory diagram;

Figure 4 is an explanatory diagram showing the
channel frequency distribution in the frequency
spectrum of & second embodiment of the inven-
tion;

Figure 5 shows diagrammatically the circuit ar-
rangements of a central station of a second em-
bodiment of the invention;
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Pigure 6 shows diagrammatically the circuit -

arrangements of a substation of the second em-
bodiment; .

_Figure 7 shows diagrammadtically a modification
of the arrangements shown in Figure 6;

Figure 8 is an explanatory diagram and

Figure 9 shows diagrammatically & further
modification of the arrangements shown in Fig-
ure 6. .

Referring now to Figure 1 there is shown the
circuit arrangements for the case in-which only
one side-band of the modulated principal carrier
frequency is radiated-from the central station,
and the frequency of the other side-band or
image of the modulated principal carrier fre-
quency is transmitted from the substations.

‘Sufficient of the principal carrier: frequency
may be transmitted, so that it is not able to cause
heterodyne whistle, but from which, when re-
celved at a substation, the principal carrier fre-
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quency could be derived. . Only two substations
are shown, but it will be understood that more
than two substations may be employed.

It has so far been implied for the sake of sim-
plicity, that the principal carrler frequency em-
ployed at each substation, is the same as that
used at the central station. A further modifica-
tion of this which may be incorporated in the
case shown in Figure 1 and which does not alter
the circuit arrangements involved but only the
frequency, consists in using a different frequency
for each substation principal carrier frequency
and then using g corresponding sub-carrier fre-
quency so as to transmit a signal corresponding
to the central station alternative side band fre-
quency to that transmitted by the central station
and received by the substailon., This hag the
advantage that the selectivity of the high fre-
quency stages at the central station has only io .
be sufficient to prevent unwanted side-band break
through which would show itself as interchannel
interference, the possible low frequency beat
occurring between received and local principal

.carrier frequency being completely eliminated.

The required selectivity of the central station
high frequency circuits will depend on the ar-
rangement of aerials, and at the substations on
the possibility of a signal from another channel
appearing as an “image” signal, but this may be
completely avoided if too large a number of chan-
nels are not employed.

Referring to Figure 1, the central station con~
sists of generator { of pulses which are rich in
harmonics of the pulse repetition frequency, and
are used for modulating an oscillator 2 from the
output of which by means of selective devices are
produced the sub-carrier frequencies. For trans-
mission from the central station these frequen-
cies are selected by filter amplifiers 3, 3! and mod-
ulated at 5 and 5! by, for example, a signal from
a microphone 20, 20! and then fed to a modu-
lator unit 6 to which is also fed the output con-
sisting of the principal carrier frequency fc from
a high frequency oscillator 8. The required side-
band components are then selected in any known
manner and amplified by 7 before being fed to
aerial TAT for radiation.

It will be seen from the diagram that for this
operation all switches operating to one channel
i.e. Il, 18, 15, 17T or 12, i4, 16 and I8 are in posi-
tion T and for reception of & signal they will be
changed to position R when the operation would
be as follows: Incoming signals, which are ar-
ranged to have frequencies corresponding to “im-
ages” or opposite sidebands to those transmitted
relative to the frequency of os¢illator 8, are re-
ceived at aerial RAI0 and amplified at (0, then
heterodyned at 9 by oscillator 8 so reproducing
sub-carriers which may then be selected by filter
amplifiers 3, 3! after which they are demodulated
at 4 and 4! and fed to, for example, headphones
19, 19! after being amplified by 5, 5!, which are
now used as low frequency amplifiers..

The operations of all substation units are iden-
tical and differ only in the actual frequencies em-
ployed. So referring to substation No. 1 the sig-
nals radiated by the central station are received
by aerial RA21 and amplified by amplifier 21 after
which they are heterodyned by oscillator 23 at
22 so producing a subcarrier frequency corres-
ponding to the required channel which is selected
by amplifier filter 24, demodulated by 25 and fed
to headphones 30 via low frequency amplifier 28
for which operation switches 31, 32, 33 and 34 are
switched to position R. .
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For transmission from substation No. 1.back
to the central. station these switches are moved
to position T and & signal obtained for example
from microphone 29 is atter amplification by am-~
plifier 28 caused to modulate an oscillator 21, the
frequency of which is such that when heterodyned

. by or caused to modulate the output of oscillator
28 at 22 produces a side-bang frequency equal to
that required to be recelved by the central sta-
tion for that particular channe] allotted to sub-
station No. 1. ‘This is then selected and amplified
by amplifier 28 before transmission by aerial

" TA28. .

In -actual practice appropriste switching ar-
rangements may be included in amplifier 21 for
performing the function of 28:

If oscillator 23 is made to generate the same
{requency as the central station principel carrier
frequency then the osctilator 27 will be the same

“frequency as the corresponding central station

~ “sub-carrier -and as the frequency at which 26 is

selective so that, if desired, the outpitt of oscillat-
or 21 may be amplified by 24 prior to modulation
by output of 28 and 26.

A schematic representation of the frequencies .

involved is shown in Fig. 2 with reference to sec-
tions of Fig. 1. o
In Figure 2, fp represents the pulse repetition
frequency of the pulse generator | (Figure 1) and
2/n, 3fp ete. are the harmonic frequencies of fo:
These pulses are applied to modulate oscillator 2
(Figure 1) and produce the sub-carrier frequen-
cies fs, fu1, fu3, J1s, f25 €tc. which are modulated by
respective signals to produce the modulateq side-
bands si, s2. These modulated subcarriers si, s2
" then modulate the principa] carrier frequency fo
and each produces two side-bands of modulation
products fe--si and fe—s1; fo+s2 and fo—s2. Only
one each of these pairs of side-bands of each
signal, for example, fo+si and fec+4-32, is transmit.
ted from the central station, and are received at
the substations No. 1 and No. 2 as Indicated in
-Figure 2. One of the side-bands fe4sf is then
selected at substation No. 1 ang fc+32 is selected
at substation No. 2. For transmission of signals
from' the substations to the central station. the
“Image” side-bands of (fo+sl) and (fe+s2) or
other frequencies below f¢ are employed. In or-
der to-utilise the same apparatus for transmitting
and receiving, the “image” frequencies are pref-
erably employed. For example, substation No. 1
receives - and selects (fe+s!) and transmits
(fe—s!1) whilst substation No. 2 receives and se-
lects (fe-+s2)  and transmits (fe—s2). Then
assuming that the local oscillator 23 at sub-

station No. 1 has a frequency fr1 the intermediate

frequency on reception will be fe+sf—fu1 and
the sub-carrier frequency at substation No. 1 will
be fui—fet+si. At substation No. 2, if the local
oscillator 23 has a frequency fia, the intermedi-
ate frequency on reception will be fe-+s2—fra. In
order to keep the possibility of a second chan-
nel interference at a minimum, it is advisable
to ‘arrange that the signal transmitted back to
the central station from any substation does not
coincide with the image frequency of any other

3
80 producing a series of frequencies as its side-

bands separated by 15 ke./s. two of which, 1. e.
the 445 and 460 ke./s. components were selected

. &8 sub-carriers and after modulation caused to
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substation while receiving, for which, in the ar- -

rangement shown it is necessary to arrange that
Jin—(fe—sn) does not become equal to (fe-+sni) —
finl where 7 and n/ represents any channel.

The actual frequencies employed would be dic-~
tated by design and requirements, but in an actual
experimental rig up, the pulse repetition fre-
quency was 15 ke./s. so giving a channel separa-
tion of this amount of 16 kc./s. These pulses
were then used to modulate & 445 ke./s. oscillator
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modulate a 29.555 me./s. oscillator so producing a
side-band of 30.0 and 30.015 me./s. for transmis-
slon. At a substation receiver buflt for a sub-
carrier frequency of 472 ke./s. the local oscillator
had to be 30-—.472=-29.528 me./s. The transmis-
sion back from the substation to the central sta-
tion had to be 29.555—.445=29.110 mec./s. so that
the local sub-carrier oscillator 27 at the substa-
tion was 29.528-29.110 mc./s,=418 ke./s. . -

In the arrangement now to be described and
shown in Pigures 5 and 6 the sub-carriers modu~
late a high frequency principal carrler frequency
oscillator as before, but both side-bands are trans-
mitted together with the principal carrier fre-
quency. At each substation this modulated prin-
cipal carrier frequency when received is rectifled
s0 as to give the whole series of sub-carriers, the
required one of which is then selected. At each
substation means are provided for filtering out
the principal carrier frequency for use as the fre-
quency to be modulated by a locally produced
sub-carrier for communication back to the cen-
tral station where it is received and mixes with
the modulated principal carrier being transmitted
from the central station in the aerial eircuit,
Provision {s made for preventing carrier frequency
phasing trouble on both reception and transmis-
slon at substations.

The principle of operation of this embodiment
may be explained briefly by considering the case
of an oscillator whose output is connecied to &
ring main. Now, 1t will be apparent that the
output of this oscillator may be amplitude modu-
lated by means of the requisite modulation unit
connected to any section of the ring main pro-
vided that the modulation unit is capable of cor-
rectly varying the voltage existing in the main, .
an operation which would be equivalent to intro-
ducing sadditional side-band frequency compo-
nents. If the modulation frequency or frequen-
cies of each modulating unit are different then
there will be no mutual interference, and any
particular modulating frequency may be obtained
at any position on the ring main by connecting
thereto an appropriate demodulator and selecting
the required frequency from its output. Such an
arrangement might be illustrated as shown in
Figure 3 where 41 is an oscillator, 42 and 43 modti~
lating units and 44 a demodulation unit, R

Similar conditions may also be accomplished
by substituting electromagnetic radiation for the
conductors forming the ring main,

‘The radiation to be modulated may be regarded
as the prineipal carrier frequency f. and is gen-
erated at the central station where, at the same
time it may be also modulated by g number of
individual groups of frequencies. The process
whereby additional modulation may be added to.
this carrier is accomplished at a substation by
receiving the signal transmitted by the' central
station, and by means of a filter separating the
carrier frequency f. or generating a similar fre-
quency and then modulating it in the usual way
by a sub-carrier before re-transmitting #. This
new modulation will therefore cause additional
Irequency components to appear in the general
radiation, and the carrier component fe will be
an addition to the existing f. their relative phases
determining whether the resultant amplitude is
greater or less than one component of f.; how-
ever, this can be arranged to have little effect on
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the remainder of the system. Demodulation of
fo at the central station may be accomplished by
normal receiver technique, and an individual sub-
carrier modulation may then be further selected
as required.
Fach sub-carrier corresponds to a separate
_ communication channel, these sub-carriers being
' generated, (at the central station) preferably by
the modulation of an oscillator with a voltage
waveform rich in harmonics, such as a short dura-
tion pulse, if -a large number of channels are
required. The separation of these harmonic side-
band frequencies will then be at a frequency
interval equivalent to the pulse repetition fre-
quency or frequency of other modulating wave-
form. .
At each sub-station the requisite channel sub-
carrier has to be generated by & local oscillator.
The complete frequency spectrum involved is

shown diagrammatically in Fig. 4 where fo repre- »

sents the fundamental frequency of the initial

waveform rich in harmonics together with its
harmonics 2fo, 3/0 etc. which are employed at the
central station for generating the required num-
ber of sub-carriers, one for each communication
channel. By modulating a frequency fs, side-
bands are generated on either side of fs as shown
and the requisite number are then separated by
filters to form the individual sub-carrier fi, f2, f3

etc. which may then be individually modulated as

desired. 'This group of frequencies is then caused
to modulate the principal carrier frequency fe
which forms the signal radiated from the main
transmitter. Where a message is being received
at the main station on any particular channel,
the sub-carrier, together with its modulation is
inserted by the sub-station concerned.

The actual value of the sub-carrier frequencies
employed depends mainly on the bandwidth of
the frequencies in the messages to be communi-
cated, and also on the final transmission fre-
quency. One probable arrangement for use with

. speech signals might have fo equal to 15 ke./s., fs
between 100 ke./s. and 500 ke./s. depending main-
1y on filter designs, and the value of fo might be

_ approximately 30 me./s. if the distance range of

communication required is limited.

One possible circuit arrangement of central-

station is shown schematically in Figure 5, where
for simplicity only two channels are shown, The
reference 45 represents a generator of pulses of
short duration which, as is well known in the art,
are electrical waves rich in harmonics of the
pulse repetition frequency and these pulses are
applied to modulate oscillator 46 of frequency /s
so generating the sub-carrier frequencies fi, fa
etc. one of which is selected by each amplifier fil-
ter 41, 411 etc.

The function of each channel is identical s0

that one channel only will be described. When it
is required to transmit a message by this chan-
nel, switches 63, 54, 55 and 58 would be in posi-
tion T so that filter-amplifier 47 is connected to
unit 46 enabling the required. sub-carrier fi for
example to be selected and amplified. The last
stage of 47 is arranged so that its output can be
modulated in a modulation amplifier 49
a microphone 5i or any other required: signal
generating -source.
output from 49 is then caused

whose output is coupled
radiation.

to aerial arrgy:TAS:Of- for
In the case Where it 1s required to receive at

the mod-
ulating input to which may be for example from.

“This- modulated sub-carrier’
r to modulate -the -
higher principal carrier frequency oscillator. ‘80

b5}
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the central station a signal on this channel
switches B3, 54, 55 and 58 are all changed to posi-
tion R which enables unit 47 to select its appro-
priate modulated sub-carrier from a well known
demodulator or detector unit 67 which is perma-
nently coupled to oscillator 50 in such a way as
to derive therefrom only a very small power, at
the same time: it must be capable of handling a
very large carrier having a very small percentage
modulation. The output from 47 is now fed into
unit 48 which is another demodulator unit, but
in this case adjusted for the sub-carrier fre-
quency so that its output is the required signal,
which after amplification by unit 498 (the latter
being converted to this use by appropriate switch-
ing arrangements, not shown) is fed to its appro-
priate interpreting apparatus, shown in this.case
as earphones §2.

The arrangement of a sub-station equipment is

‘shown schematically in Figure 6 where, when set

for receiving a signal, switches 65, 88, 61, 88, 69,
70 and 74 are in position R. The signal trans-
mitted by the central station is received on aerial
RT58 and amplified by the high frequency ampli-
fler 58, the output from which is demodulated by
58 in such a way as to give the series of sub-
carriers from which the appropriate one is se-
lected by filter amplifier 60 which together with
units 81 and 62 are similar to their corresponding
section 47, 48, 49 at the central station (¥Fig. 5).
The output irom 86 is demodulated by g1 and
after amplification by 62 is fed to a translation
device, for example, to earphones 12.

Tor transmission of & signal from the substa-
tion to the central station, switches 86, 68, 8T, 88,
89, 710 and 1! are changed to position T and the-
operation is as follows. An oscillator 83 gener-
ates oscillations of the same frequency 2s the

. sub-carrier corresponding to the channel allotted

40
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to the sub-station. This oscillation is then am-
plified by 68 and modulated, for example, by the
output of a microphone 13 (or other signal source)
after amplification in unit 82 or alternatively,
oscillator 63 may be modulated directly. This
resultant modulated sub:carrier from 82 or 63 as
the case may be, is then caused to modulate the
output of another oscillator 64, either directly, or
as shown, in unit §9 which may readily be con-
verted from s demodulator stage to a modulator
stage in known manner.: It is of course essential
that the frequency of oscillator 64 be exactly the
same as the principal carrier frequency fe. The
output from 59 is connected to the aerial RTS8
and so radiated to be received by the central sta-
tion aerial resulting in a slight modification. to
the carrier amplitude there but with the addition
of the sub-station’s side-bands so that the signal
contained thereby may be obtained by demodula-
tion, i. e. by unit 57 Figure 5. -

An alternative arrangement of obtaining the

. principal carrier fe for transmission from the

65
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substation is shown in Figure 7 where oscillator

64 and switch TI of Figure 6 are replaced by a
filter 14 and switch 15. ‘No difference is made to

‘the description for reception, but when transmit-

ting, and all switches including 15 are in position
7T, it will be seen that the output of amplifier 58
is. fed to a ‘filter 14, arranged to be selective
enough -to pass-only: the -principal carrier fre-
quency Je (1. e.'to pass no modulating frequencies)
which is then fed to unit §9 for modulation and
hence to. the ‘aerial,>and input of amplifier 58.
T4 will, therefore, be seen-that the two amplifiers
58 and 69 together with the selective filter 14
are-capable of forming an oscillator, generating



a signal of frequency determined by filter 74 and
which may be made equal to Jfo. If necessary
Pphasing correction may readily be introduced.
In an intercommunication system similar to
that hereinbefore described, employing & prin-
clpal carrier of very high frequency for trans-
mission in both directions it would be quite pos-
sible for the carrier component received by one
sub-station to be entirely cancelled out due to

the carrier from another substation being equal -

and 180° out of phase with that arriving from
the central station, an undesirable effect due to
* the distortion caused to the signal being received.
Figure 8 illustrates one possible cause where 1§
- represents the central station and 17 and 18 sub-
stations. If the fleld strengths of the radiations
from 16 and 18 are equal at 17 then the carrier
component at 17 will be reduced to zero each time
the relative transmission paths of the two signals
change by multiples of a wavelength, or if the
radiations leave 16 and 18 in phase and the dis-
tance 16—717 and 78—117 differ by an odd number
of half operating wave-lengths. :
An additional circuit arrangement which may
be added to the sub-station equipment to over-
- come this effect is shown in Figure 9 in which the
same references as in Figure 6 are used for cor-
responding units. When receiving, the output of
amplifier 58 is fed to a coupling circuit 19 and
thence to unit 89 for the first demodulation.
Unit 19 is such that it enables part of the out-

put of 68 to be fed to a filter 80, capable of pass-

ing the carrier frequency fs only. The output

from this filter is then fed to an amplifier 82 and

also to a rectifying unit 81, the output from which
is caused to back bias amplifier 82. The output
from 82 is fed through a phasing circuit 83 to

the coupling unit 79 where its output is effec--

tively coupled to unit 59 and 80. The adjustment
of unit 81 is such that when there is a strong
carrier component in the received signal the bias
applied to amplifier 82 is such as to completely
kill it. When however the carrier amplitude fallg
- below a predetermined value amplifier 82 becomes
unbiassed and its output appiied to unit 79 main-
talns the carrier component fed to demodulator
48 at the required level. This action continues
until if the carrier component is reduced to zero
.the gain of the amplifier 82 together with selec-
tive circuit 80 phasing circuit 83 and coupling
‘in eircuit 78, form an oscillatory. circuit, main-
taining required input to 59. S

When transmitting, all switches are changed
- to position T, switch 84 reduces the bias applied
to amplifier 82 so enabling unit comprising 80,
82, 83 and 19 to oscillate so as to generate the
required principal carrier amplitude to be fed to
unit §8, now modified by means of switches to
form a modulator stage. The output from 58 is
removed from circuit 18, so that other side-hand
components are not re-transmitted, causing pos-
sihle cancellation with them also.

In an intercommunication system as herein-
before described, provision may ‘readily be pro-
vided for emergency intercommunication between
substations by arranging for oscillator 63 and

2,390,641

15

20

26

30

35

40

45

50

66

@0

65

filter 60, Figure 6, to have alternative preset cor- -

- responding frequency adjustments. Also, if de-
sired arrangement might be made whereby a sub-
station. unit could be converted into a normal

" type of receiver by arranging for the H. P, ampli-
fier 58 to be converted into a variably tuned unit
with oscillator 64 ganged to form a local oscillator
for superheterodyne reception using filter 60 as

70

the intermediate frequency amplifier and in the 78

“skilled in the art and which

_ B
case of continuous wave reception oscillator 63
could readily be.adjusted to form g local beat
frequency oscillator, -

It will be appreciated that the system accord-
ing to the invention meay be extended to provide
intercommuniecation other than through the cen-
tral station but multiplication of the arrange-
ments as at the. central station in the foregoing
description would be necessary to a degree more
or less depending on requirements.

. Since the substations are distributed each is
brovided with a receiving aeria] and alse with a
local oscillator of frequency fc or alternatively
& signal or frequency fc may also be transmitted
from the central station, amplified if necessary
at the substations and utilised for heterodyning
the incoming modulated waves.

Such a provision of intercommunication
through more than one centrai station, if in-
tended for normal use may tend to complicate
unnecessarily the working of the system ag a
whole, especially if a very large number of chan- -
nels are required, ’

The adjustment of the individual receivers to
any channel is quite a simple operation thus per-
mitting all the receivers to be identical, unless
& very large number of channels are employed,
in which case it might be advisable to limit the
scope of the interchangeability of receivers into
groups. . :

Whilst several embodiments of the invention
have been described, others will oceur to those
fall within the scope
of the appended claims.

What is claimed is:

1. In a radio communication system for com-

‘munication between g _central station and a piu-

rality of sub-stations, transmitting means at the
central station including g plurality of means for
producing signal frequency waves, a plurality of
means for producing a sub-carrier frequency
wave, means for producing a prineipal carrier ire-
quency wave, means for modulating the wave
from each of the sub-carrier producing means
with the waves from a signal producing meaas,
means for modulating the principal carrier fre-
quency wave with the modulated sub-carrier fre-
quency waves and means for radiating at least

- One side-band of the modulated principa] carrier

frequency wave; at each of said sub-stations
means for producing signal frequency waves,
means for producing g sub-carrier frequency
Wave, means for producing a principal carrier
frequency wave, means for modulating the sub-
station sub-carrier frequency wave by the sub-
station signal frequency waves, means for modu-
lating the principal sub-station carrier frequency
wave by the modulated sub-station sub-carrier
frequency wave, and means for radiating at least
one side-band of the modulated principal sub-
station carrier frequency wave, frequency and
side-band of the modulated principal sub-station
carrier frequency wave being positioned so that
the side-band radiated from the ‘sub-station will
cover a frequency band on the opposite side of
the principsl central station carrier frequency to
that occupied by the side-band radiated from
said central station.

" 2. In a radio communication system according
to claim 1, receiving means at the central station
including means for heterodyning the received
wave by g sub-carrier-frequency wave, and de-
tecting means, and receiving means at a sub-sta-
tlon including means for heterodyning the re-
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celved wave by the sub-station sub-carrier fre-
quency wave, and detecting means. -

3. In & radio communication system according
to claim 1, at the central station and at a sub-
station, means for radiating alternately both
side-bands of the same principal carrier fre-
quency wave. : o ) .

4, In & radio communication system according
to claim 1, at the central station, means for
radieting the principal carrier frequency wave,
and, at a sub-station, means for producing a
principal carrier frequency wave including means
for receiving the principal central station car-
rier frequency wave, and means for deriving
therefrom the principal sub-station carrier fre-
quency wave. )

5. In a radio communication system accord-
ing to claim 1, at the central station: means
for radiating the principal carrier frequency

- wave, and at a sub-station: means for producing
a principal carrier frequency wave including
means for receiving the principal central station
carrier frequency wave and means for deriving
therefrom the principal sub-station carrier fre-
quency wave, means for deriving therefrom the
sub-station principal carrier frequency wave, and
additional means including & local oscillator for
generating a principal sub-station carrier fre-
quency wave whenever the received principal
central station carrier frequency wave drops be-
low a predetermined value.

6. In a radic communication system according
‘to claim 1, at the central station: means for
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radiating the principal carrier frequency wave,
and at s sub-station: means for producing a
principal carrier frequency wave including means,
for receiving the principal central station car--
rer frequency wave, means for deriving there~
from the principal sub-station carrier frequency
wave, and additional means including a local 0s-
cillator, and a feed back path containing ther-
mionic valve means back biased by at least a
portion of the received principal central station
carrier frequency wave to generate a principal
sub-station carrier frequency wave whenever the
received principal central station carrier fre-

quency wave drops below a predetermined value.

7. In a radio communication system according
to claim 1, at each station, filters and amplifiers
for separating and amplifying sub-carrier - fre-
quency waves, and switching arrangements for
enabling the same filters and amplifiers to be
used selectively in transmission and reception.

8. In & radio communication system according
to claim 1, means for producing  a number of
spaced sub-carrier frequency waves including
means for an electrical wave of substantially
sinusoidal wave form, means. for producing an
electrical wave having a wave form rich in har-
monics  of the fundamental frequency of said
wave, means for modulating the former wave by
the latter wave and means for separating the -
side-bands of the modulated wave to form sub-
carrier frequency waves. ‘

PRAFULLA CHATTERJEA.
LESLIE WILFRED HOUGHTON,



