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The present invention relates to multiplex sig-

Multiplex systems are known in which g plu-
rality of . telegraph channels are obtained

6 through a single circuit. The circult may be a
land-line or a radio link for example. In the
systems 1t is usual to employ mechanical distrib-

utors to connect

the circuit in turn to each tele-

graph instrument at the transmitting and receiv-

10 ing point ‘simultaneously. The whole cycle of

connection of the line to all the receiving instru-

ments on the circuit must occupy a time less than
the time occupled by one signal dot.

The present invention deals with systems in

15 which telephone

frequency circuits may be con-

nected in multiplex manner through a cireuit
such as a radio link or high frequency cable in-
tended to cover a wide range of frequencies.

In such systems, on account of the compara-

20 tively wide band

of frequencies required for each

channel, mechanical distributors are unsuitable.

It is an object

of the present invention to pro-

vide improved distributors capable of high speed

operation.
25 - According to

the present invention, there is

provided a system of muitiplex telephony or te-
legraphy, said system comprising means for feed-
ing signals from a plurality of channels through
a single circuit, the arrangement being such that,
30 In operation, there is transmitted through said

circuit a train of

eleméntary signals interspersed

with synchronizing signals having an amplitude

outside the amplitude range of said train of sig-

nals; each elementary signal being representative

35 of the signal in one of said channels, and means

being provided for utilizing said synchronizing

signals to control switching devices for connect.
Ing said channels in turn to said circuit.

The wave transmitted through the circuit may

‘40 comprise a plurality of groups of signals, each

group comprising a plurality of trains of ele-

mentary signals

, and each elementary signal

being representative of the signal in one of the

channels. Each
45 from a set of cha,
prise the signals

train then comprises the signals
nnels and successive trains com-
from different sets of channels,

Each group of signals Includes an elementary sig-
nal from every channel; the trains within a group

are separated fro
'50 signals and the

m one another by synchronizing
groups are separated from one

another by further synchronizing signals of dif-

ferent duration o

r different amplitude, or of both

different duration and different amplitude from

the synchronizin
55 within a group,

g signgls separating the trains

. In one arrangement, according to the inven-
tion, the switching means comprise a plurality

of relays which may be thermionic in character,
the relays being adapted for connecting the
channels, in turn, to the line and being arranged &
to be operated successively by means of con-
trolling signals derived from delay networks.

- In another arrangement according to the in-
vention, the switching means comprise 3 cathode
ray tube in which an electron beam is caused to 10
scan a screen having a number of targets asso-
ciated with the incoming or outgoing channels,
the tube thereby serving as a distributor. Fur-
ther, acecording to the Invention there are pro-
vided means for feeding a part of the signal from 15
one channel into a succeeding channel at the re-
celving-end of the circuit for the purpose of neu-
tralizing or reducing cross talk which may be
Introduced due to distortion of signal wave form.

In order that the invention may be more clearly
understood, and readily carried into effect, sev-
eral embodiments thereof will now be described
with reference to the drawings wherein:

Fig. 1 shows the wave form of a multiplex sig-
nal which is obtained in one arrangement o5
according to the invention; i

Fig. 2 illustrates the wave form of a multiplex
signal which is obtained in another arrangement
according to the invention;

Fig. 3 shows one way in which thermionic 30
valves may be controlled in a multiplex distribu-
tor;

Figs. 4 and 5 shows distributor eircuits for use
at the sending and receiving ends, respectively,
of & multiplex link; ' . 35

Figs. 6 and 7 illustrate modifications of Pig. 5;

Fig. 8 shows a circuit for reducing or neutral-
izing cross-talk between channels;

Figs. 9 and 10 show arrangements employing
cathode ray tubes at the sending end and receiv- 40
Ing end, respectively; and g

Fig. 11 shows a construction of signal plate
suitable for use in the tubes of Figs. 9 and 10.

It is assumed that it is desired to transmit
signals from a plurality of channels (telegraph, 43
telephone or other signaling channels) through
a single circuit which may comprise a radio link
or a cable capable of handling signals covering a
wide range of frequencies. The circuit is asso-
clated at its two ends with distributors which are 50
adapted to operate synchronously to connect the
transmitting and receiving channels successively
to the circuit. Thus, if there are n channels, the
distributors first connect the first channel to the
circult for a short period of time, thus allowing 55
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_effect on the signals being transmitted. Thus,
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a signal to pass in this channel; the distributors
then switch over to the second channel to allow
a signal to pass in the second channel and then
to the \third, fourth, etc., up to the nth channel.
The distributors then switch back to the first
channel and the process is repeated continuously.
The frequency at which the distributors make
complete cycles must be at least as high as the
minimum frequency which causes no 'deleteriou§
i
the channels are telegraphic, the frequency at
which the distributors complete a cycle of change
must be greater than the reciprocal of the time
occupied by one signal dot.

Fig. 1 shows the wave form of & signal in the
single connecting circult in a system according to

‘the invention. The wave comprises a series of
_uniformly spaced synchronizing pulses of which

two are indicated by the references O and O’ in
the figure. The zero line of the signals is shown
by the line x, z. The signal from the first chan-
nel is indicated at {, that from the second chan-
nel at 2, that from the third channel at 3, and
so on for the remaining channels. After the
synchronizing signal O’, the channels are again
connected in turn to the circuit and the portions
of the composite signal due to the signals in the
first, second and third channels are indicated at
i’, 2’ and 3’, respectively. It will be seen that,
during the interval between the corresponding
points in these consecutive cycles of the distribu-
tors, the signal value in channel { has become less
positive, that in channel 2 has changed irom a
negative value to a positive value, whilst that in
channel 3 has remained unchanged. By em-
ploying suitable circuits to separate the pulses of
say channel | at the receiving end, and rectify-
ing these pulses, they may be caused to produce &
signal of a wave-form substantially correspond-
ing to the wave-form of the signal in channel |
at the sending end. Similarly for the other
channels. If the synchronizing pulses occur at a
frequency of 10,000 per second, then signals em-
bracing frequencies up to nearly 5,000 cycles per
second can be transmitted through the circuit on
each channel. . ’

If it is assumed that the multiplex signal of
Fig. 1 can be transmitted with sufficient sharp-
ness through a circuit capable of handling a fre-
quency range extending to one-half the number
of pulses transmitted per second (the number of
pulses per second is equal to the product of the
frequency of the synchronizing pulses and the

. piumber of channels), then a frequency range of

68
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5,000 n cycles per second will be required for n
channels each requiring the transmission of fre-
quéncies up to 5,000 cycles per second. It will be
seen that this is exactly equal to the minimum
frequency range required by a multiple carrier
signaling system radiating z single side~-band
modulated carriers, each having a side-band

width of 5.000 cycles per second, it being assumed .

that the channels are close packed and are sepa-
rated by infinitely sharp filters at the recelving
end. In practice the multiplex signal requires a
greater frequency band. than that mentioned

-above but a corresponding multiple carrier system
also requires a range greater than the theoretical

minimum value mentioned above. :

Tn the multiplex system considered above, the
synchronizing pulses O, O’ are employed for
maintaining synchronism between the distribu-
tors at the two ends of the connecting circuit.
Such an arrangement is quite satisfactory pro-
vided that the number of channels is not too

2,172,864

great, for example, not greater than 20. If the
number of channels (#) is much greater than 20,
then errors may be introduced in dividing the
intervals between successive synchronizing pulses
into n equal periods. These errors ‘will not, in
general, be of equal magnitude and in the same
sense at the two ends, and the result may be
incorrect connections to the channels. For ex-
ample, it might happen that when the 31st chan-
nel was connected to the circuit at the transmit-
ting end, the 30th channel was connected to the
circuit at the recelving end. Even if the error is
insufficient to cause & signal pulse to be wholly
fed to an Incorrect channel, the error may be
sufficient for a part of a pulse to be fed to an
incorrect channel. ' .

If s large number of channels is to be em-

15

ployed, for example 200, the signals are preferably .

divi@ed up as shown in Fig. 2. In this figure, rec-
tangles, I, M, N are employed to denote trains of
signals. The train L contains signals from chan-
nels (, 2, 8. .. p, the train M contains signals
from channels p+1, p+2, p+3 . .. 2p, and so
on. Thus if there are ¢ trains each deriving sig-
nals from different channels, a number of chan-
nels equal to the product ».g. may be represented
in the composite signal. After the end of the gth
train, a repetition of the sequence begins. The
trains I, M, N are separated from one another by
synchronizing pulses O similar to those of PFig. 1.
A sequence of ¢ trains of signals which will be
termed a group of signals is separated from the
succeeding group by & group synchronizing sig-
nal which differs from train synchronizing signals
O. Thus, the group synchronizing signal OO
shown befcre train L. differs from train synchro-
nizing signals O in that the group signal has &
longer duration than the train signal.

When the group signals are employed to oper-
ate a primary distributor and the train signals
are used to operate a secondary distributor, it is
possible to connect 400 channels in rotation with-
out dividing any interval between synchronizing
signals into more than 20 parts. Thus, if a group
comprises 10 trains (g=10), each train represent-
ing 20.channels (p=20), then the 199th channel
is selected by counting from group synchronizing
signal OO up to the 9th train and then counting
up to the 19th signal in this train. If it is desired
to transmit telephony involving frequencies up
to about 5,000 cycles per second, then the group
synchronizing signals must have a frequency of
10,000 per second; in the example considered in
which there are 10 trains per group, the train
synchronizing frequency is 100,000 per second.

It will be observed that the group synchroniz-
ing signal OO functions for group L as a train
synchronizing signal. If desired, & train syn-
chronizing signal of normal form may be in-
serted between the signal OO and the beginning
of the group L. In another arrangement, either
the leading or trailing edge of signal OO is timed
to take the place of a train synchronizing signal.
In yet another arrangement, the group syL.-
chronizing signal OO is broken into parts in the
manner known for frame sychronizing signals in
television systems, one of these parts being used
as @ train synchronizing signal. It will be seen
that the group synchronizing signals OO and the
train synchronizing signals O bear & close resem-
blance to the frame and line synchronizingsignals

- used in many televisions systems. ; )

For multiplex telephony by the method Just

discussed, group and train frequencies are much
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higher than the frame and line frequencies com-
monly used in television systems. However, by
using synchronizing frequencies comparable with
those employed in television, it is possible 'to
realize high speed multiplex telegraphy. By em-
rloying somewhat lower synchronizing frequen-
cles, multiplex telegraphy over a circuit with a
band width of the same order as that of ordinary

“telephone circuits may be obtained. Such a mul-

tiplex system may be used for remote control
purposes whereby each channel controls the op-

eration of a device such as a switch or s rheostat.

Again, the system may be used for remote meter-
ing where the impulses are proportional to the
readings of current, power or other measurable

. quantity in various circuits,
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It will be seen that for the successful handling
of signals such as are shown in Figs. 1 and 2, it is
necessary for.the transmission circuit to have a
uniform frequency reponse over .the required
range and also to be substantially free from phase
distortion. The requirements of the transmis-
sion circuit are therefore the same for the above
purpose -as for a television link. If low frequency

-components are not transmitted (these compo-
‘nents may not be fed to the transmission circuit,

or may be lost either in the transmission circuit
or at the receiving end thereof) they may be re-
established at or before the distributor at the

‘receiving end with reference to the peaks of the

synchronizing signals or with reference to some
other recurrent fixed amplitude (for example the
Zero period shown at y in Fig. 1) in a manner
well known in television systems and generally
referred to das “D. C. re-insertion”.

The possibility of reinsertion of D, C. allows
low frequency components to be neglected at the
receiving end so that noise due to induction from
power circuits etc., can be lessened in its effects.
This is particularly the case where a very high
synchronizing frequency is employed such as that
described for the transmission of 10 trains of sig-
nals with a group frequency of 10,000 per sec.
employing a train synchronizing frequency of

:100,000 per sec. Such a signal may be transmit-

ted over a concentric single core cable and the
low frequency. subject to induction, may be neg-
lected, since the lower frequencies and the D. C.
may be reinserted with reference to a signal oc-
curring 100,000 times per sec. ' At the higher fre-
quencies, the concentric cable is not subject to

Induction owing to the thickness of its sheath. .

Fig. 3 shows a circuit in which a number of
valves is operated in turn from a delay network.
The delay network consists of series inductances
d and shunt condensers a, b, ¢, and is terminated
by a resistance R. The condensers ¢ are equal
to the condenser b, less an allowance for the
input capacity of the valves 5, §. The condensers
@ are equal to half b, less an allowance for the
input capacity of the valves 7, 8. The ratio of
the inductances d to the full size condensers b
is made equal to R2. The cut-off frequency of
the filter so obtained is made well above the
highest working frequency, so that phase errors
and mismatching as cut-off frequency is ap-
proached do not prejudice its operation. Other
forms of filters may he employed such as those
having resistances shunted across the Inductances
to minimize phase or reflection errors, and simi-
larly a more accurate termination than a plain
resistance may be employed. )

At the sending end the control grids of valves
5, 6, 1, 8 are coupled to the separate channels.and
the anodes of these valves are connected in par-

3

allel and coupled to the single transmission cir-
cult. When the arrangement of Fig. 3 {5 used at
the receiving end, the grids of the valves are con-
nected in parallel and fed with the multiplex
signal from the transmission circuit and the an-
odes are coupled to the separate channels. The
grids are normally biased beyond anode current
cut-off but a suitable negative pulse on the cath-
ode of a valve renders it conductive for a period
equal to the length of the pulse.

If a pulse is fed in at the left hand end of the

filter, it will operate each valve in turn, and if the:
. duration of the pulse is approximately the time

delay between successive valves, each valve wil]
be switched on in turn and will be switched off
as the succeeding valve is switched on. A series
of valves, such as shown in Fig. 3, can therefore
be used for passing signals to a transmission cir-
cuit or accepting them from & tranmission cir-
cuit, the relative timing of the switching to the
various channels being obtained from the delay
network.

Fig. 4 shows an assemblage of hexode valves
adapted to pass signals from six telephone chan-
nels and a synchronizing pulse in succession to a
line 10. The screen connections and source of
heating current and bias potential are not shown.
Any suitable type of feed well known in the art
may be employed to obtain the feed currents
and biases for these valves ar for other valves
shown in other figures. )

The telephone channels are brought in to
transformers {1 which apply telephone frequency
potentials to the inner control grids 12 of the
hexode valves. These valves have high resist-
ances in their cathode circuits, so that the
average current of each valve is about the same.
The outer control grids 13 of the valves are blased
negatively so that no signals pass to the line, and
the anodes are connected to the line 10 through
a delay of network D. This network is not shown
In detail but is represented by & box terminated
by a resistance R., The other end of the delay
network is connected to the line 10 leading to
the receiver or to a radio transmitter through
any desired amplification or matching means.

For transmitting a signal of the type shown in
Fig. 1, having a repetition frequency of 10,000

- per second, the total delay from the point of con-

nection of the first valve to the point of con-
nection of the last valve is made just less than
Yi0.000 Second. Once every %n.o0 Second the pulse
generator (not shown) applies a positive pulse
to the outer control grid of all hexodes simul-
taneously. The extreme right hand hexode is

not connected to a telephone channel, but has -

its inner grid connected through a condenser (4
to the outer grid so as to produce a large pulse
of current in the line which represents the
synchronizing pulse O. Simultaneously, the
cther hexodes apply pulses to the delay network
representative of the voltage at that instant in
the telephone circuits, since the available cur-
rent which can be passed to the anode by the
outer control grid, depends on the potential of
the inner control grid. These signals arrive
simultaneously at the various tapping points
along the delay network. They there divide, half
of each signal flowing left to the terminating re-
sistance R, and the other half flowing right to
the line. Since the delays of the various valves
to the line are different, the signals wil arrive
in succession at the line and produce a wave-
form, as shown in Fig. 1, having, however, only
six channels. The signals flowing to the left to

.
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resistance R will not be reflected (assuming the
correct termination) and will therefore not reach
the line. )

1t will be realized that in Fig. 4 the signals have
been appled to the delay network and the
synchronizing pulse has been applied - simul-
taneously to all valves, whereas in the descrip-
tion given of Fig. 3, the synchronizing pulse was
applied to the delay network so as to make each
valve operate in turn. In the arrangement of
Pig. 4, the capacity of the varlous anodes can
form part of the network, but the drive for the
control signal must be sufficiently powerful to
charge the outer control grids of all valves simul-
taneously. In the arrangement of Fig. 4 the
synchronizing signal is transmitted ahead of the
group of signals with which it is synchronized.
By placing the synchronizing valve at the other
end of the delay network, it can be arranged that
the synchronizing signal follows the group with
which it is generated. With a reasonably steady
pulsing frequency, the two arrangements are in-
distinguishable. For a slightly irregular pulsing
frequency, the recelver can e made to operate
with either arrangement. _

Fig. 5 shows o receiving system for the signals
generated in Fig. ¢. A delay network D is con-
nected at the left to the incoming line i% and is
terminated on the right by resistance R. As
before, six hexode valves are connected to this
delay network. In this case the outer control
grids 3 go to the network. A tapping is taken
from the right hand end of the delay network
to the control grid of a valve {6, which is ar-
ranged to operate as & self-biasing separator
valve. It is arranged that the synchronizing
signal appears in the positive sense on the grid
{7 of this valve so that it passes current at each
synchronizing signal, but as is more fully ex-
plained in British Patent No. 422,906, self-biases
itself to be insulating for all other signal ampli~
tudes. The output of this valve is taken to a
further amplifier valve {8 which has sufficlent
output to charge the inner control grids 2 of all
six hexodes in the required period. As an alter-
native, the coupling condenser between the two
valves may be made very small, so that the
synchronizing signal is converted to a sharp
nezative followed by a sharp positive pulse on
the grid of the valve i8. Either the negative
pulse or the positive pulse may be utilized by
taking the connection of the hexode grids 12 from
the anode or cathode of valve (8. This or similar
means may be employed to change the syn-
chronizing pulse into a suitable pulse for actuat-
ing the hexodes. - The correct timing of the pulse
actuating the hexodes may be obtained by alter-
ing the position of-tapping 19 along the delay
network D. For example, if there is delay in
passing the signals through valves 16 and 18, or
if the tail end of the synchronizing pulse is used
to operate the hexodes, the tapping {9 may be
moved along the delay network towards the left
as far as is required to give the correct timing.

The various hexodes receive appropriate pulses
from the line, depending on the position of their
tapping points. Every time the synchronizing
signal operates valves 16 and 18, the hexodes be-
come conductive and pass a signal to the anode
circuits in accordance with the signals coming
along the line. The anode current therefore con-
sists of pulses recurring 10,000 times a second,
carrying the telephone currents as a modulation.

If desired, a filter may be put between the anodes i

v
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and the telephone circuits to eliminate the

_ pulsating carrier.

As shown in Fig. 5, the synchronizing sighab

used to operate the receiving train of valves is-

the synchronizing signal preceding the group of
impulses. By moving the tapping 19 to the other
end of the delay network, the synchronizing pulse
following the group of impulses may be employed.

It will be noted that provision is made for us-
ing a sharp or short synchronizing signal to op-
erate the receiving hexodes. It may be advanta-
geous to use a shorter pulse on receiving hex-
odes than is used on transmitting hexodes, so
that the middle portion of the elementary signal
only is used at the receiver. - Such an arrange-
ment gives less lebility to cross-talk due to slight
mis-timing, Alternatively, short signals may be
used at the transmitter so as to leave a slight
dead gap between the signals of successive ele-
mentary channels. In actual practice for econo-
mic reasons, the slgnals will never be as rectan-

guler and sharp, as shown in the drawings, but-

will consist of pulses beginning and substantially
ending within the time period defined by the
square pulses shown in the drawings. '

Fig. 6 shows a block diagram of a six-channel
recelving unit for receiving signals of the type
transmitted by the circuit of Fig. 4, but employ-
ing delay networks in both the line and pulsing
leads to the valves. The relays which may be
hexode valves and are designated as rectangles
H, have their outer control grids connected to &
delay network Di in the line eircuit. The de-
lay.of this network is not as great as that of the
network D of Fig. 5, and may, for example, be
of the order of %p.goo of & second. The syn-
chronizing pulses are collected from & tapping

*19, as shown before, & little way back along the

network, to allow for time delay in the separat-
ing mechanism S. The actuating pulses from the
separating mechanism (which may be similar to
valves 18 and {8 in Fig, 6) are passed along an-
other delay network D2 (terminated by a resist-
ance R2) which has a delay equal to the differ-
ence between the total delay required and the
delay in DI. The pulse is passed along this sec-
ond delay network in the opposite direction and
it will be seen that the signals are separated by
the relay valves H, as though the total delay had
been put either fotally in the line, or totally in
the pulsing circuit. This arrangement has the
advantage that the valve capacities are included
as part of the shunt condensers in the delay net-
work, which calls for less energy from the sepa-
rating mechanism S to actuate the six hexodes
than is required in the drrangement of Fig. 5.
Such a reduction in power Is of considerable ad-
vantage in the case of a system employing a
greater number, for example 20 hexodes. Simi-
larly, the delay network D1 in the Iine circuit
prevents the sum of the grid capacities of the
hsi:odes being bridged directly across the line cir-
cuit.

Fig. 7 shows a block diagram of a system for
receiving a wave of the type shown in Fig. 2.
There are shown at S, separators for synchroniz-
ing pulses. These separators employ the trailing
edge of the synchronizing pulse to operate the re-
lay valves H. The signals from the line 15 are
passed to & number of delay networks D having
a delay equal to the time period of one frain of
signals. The signals from the line 15 are also
passed through a group pulse separator GS. This
separates the group pulse (pulse OO in Fig. 2)
and passes a group pulse down the group delay
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network GD. ‘This has a total delay equal to the
total period of g group and has tappings along
its length at time intervals equal to the time be-
tween successive trains.. This network need not
have as good g frequency characteristic as the
delay networks in the separate trains, as it re-
quires only to pass a bulse of a width slightly
shorter than the time of one train, The DPulse
S0 obtained is caused to operate on blocking
valves B, which are Put in the leads to the syn-
chronizing separators of

relays of the appropriate
chronizing pulse, however, does not pass to that
separator because of the blocking valve. B, but
basses to the next synchronizing separator, since
the group pulse hag by this time unlocked the
appropriate blocking valve, By this means the
Separate trains of signals are separated from one
another and fed to the .
The network Di between the line and the train
separators is put in to provide the necessary de-
lay to allow time for the operation of the group
Separator GS. :

In Fig. 7 the synchronizing signals are shown
applied to all valves simultaneously, Delay net-

train. The next syn-

off at the left

lay networks from which the Synchronizing pulses
are taken is not of primary importance.

A similar arrangement can be used at the
transmitter, the synchronizing signals being pro-
vided by a suitable pulse generator and being
made to operate, in turn, on train delay networks.
In the case of g transmitter, the right hand end
of the lines shown in Fig. 7 pass to the outgoing
line and the terminations are transposed to the
left. Similarly, provision is made for mixing the
synchronizing signalg with the impulses on the
line to produce a wave of the type shown in Fig. 2,

Fig. 8 shows schematically a method of correct-
ing cross-talk due to bad pulse shaping, If the
channel does not bass very high frequenci_es, the
pulse representing the signal for any one elemen-
tary channel persists in the time allocated for the
next channel, or even in g bad case into the next
channel but one. Such persistence may take the
form of a gradual decay of the bulse, which adds
a signal in the same sense to the following chan-
nel. Alternatively, the persistence may consist of
an overshoot in the opposite direction, which adds
to the Succeeding channel,

Nections 20. To points 20 are coupled triodes 21,
Triodes 21 serve to amplify the signals for the
burpose of providing cross-talk correction, The
amplifying triodes have resistance Potentiometers
in both anode and cathode circuits ang Cross-con-
hecting leads 22 pass to the succeeding stage
and may then be connected across either the
cathode or anode potentiometers of the valves 21,
These connections feed current into the output
of the succeeding stage and can be set to neu-

" tralize the cross-talk therein by suitable Pbosition-

75

ing of the switches 23 and adjustment of the ap-
bropriate potentiometer., It will be noted that
cross-talk is to a small extent fed on to the next

S

stage but one, so that assuming g logarithmic
decay or a logarithmic decaying series of over-
shoots, cross-talk correction can be achieved for
& large number of stages. As an alternative, g
small telephone frequency coupling may be made
between the anode of one valve and the grid of
the next, which corrects cross-talk satisfactorily
enough for most burposes. The cross-talk cor-
rection circuits need not pass dot frequencies from
the line, but should be flat for the telephone fre-
quency range,

Figs. 9 and 10 show arrangements for sending
and receiving signals of the type shown in Fig. 2
by means of cathode ray tubes, The evacuated
8lass envelope is not shown in either Fig. 9 or Fig.
10. 1In both figures the lead 24 is connected to g
target 25 on the signal plate 26 which is scanned
by a beam of electrons produced by a gum assem-
bly 21. This beam is caused to scan the signal
blate 26 by means of two saw tooth oscillation
., the outputs of which are ap-
plied to electrostatic deflecting plates 30, 31, In
the case of both tubes, the target 25 is one of g

screen is held positive with respect to the gun
cathode 35. The signal plate 26 is held slightly
negative with referenice to the gun cathode 3%
and the mean Dotential of the target is held
slightly positive with respect to the gun cathode
35. When the beam is directed at & given target,
a fraction of the electrons are turned back from
the target to the grid mesh-work in front of it.
This fraction turneq back depends on the poten-

is connected to the target

A small condenser 36 is
the capacity to earth of
should be large enough tg hold its potentia]
steady during the instant of scanning. The cur-
Tents to the screen 31 are passeq through a re-
sistance 38, the voltage across which is amplified
at 39 and passed to the cable or radio link by a
lead 40. The scanning pulses are generated by
an oscillator 41 and puise generator 42 as for tele-
vision, blackout being provided to turn the cath-
ode ray beam off during return strokes. Syn-
chronizing pulses are also generated angd mixed
in with the line sighals. The wave-form obtained
is similar to that shown in Fig, 2 if an area is
Scanned, or as shown in Fig. 1 if only one line ot
targets is scanned. In the latter case only line
scanning is provided and one set of deflecting
plates may be dispensed with. -

As an alternative to taking the signalg from
the screen 31, they may be obtained from the
metal plate 26, the signals being fed from the
elements through capacities between elements
and this plate, which capacities may be the in-
evitable capacities formed in the construction;
the telephone frequency currents being fed to the
elements through a high resistance, In both the
case where the signals are taken from grid 37
or plate 26, the synchronizing signalg may be

shown as representing
the target 25, which
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‘of the targets Is

_positive

‘frequency. Thus

&

produced simply by shutting the beam off, since
a limiting signal in one
such switching of the beam.

Fig. 10 shows a circuit for use at the recelving
end, a signal plate similar to that at the-trans-
mitter being used, except that the grid in front
omitted. The line signals
coming in are passed to saw-tooth oscillation gen~
erators 28, 28 which produce saw-tooth synchro-
nizing signals as in & television receiver. Ampli-
fied line signals are passed to the control elec-
trode 43 of the cathode ray gun which modulates
the beam In accordance with the line signals.
The beam impinges on to the target which is held
) with respect to the second anode 44 to
prevent the flow of secondary emission current.
The current. in the target Is therefore propor=
tional to the beam current, and & direct coupling
is taken from the target to the telephone circuit
45, with the interposition, if necessary, of o fllter
As before, for waves of
the form shown in Fig. 2, a complete area is
scenned: for those of the form of Fig. 1, only &
line is scanned. In both the transmitting and
receiving tubes the scanning accuracy requires to
be better than one part in the number of elements
in a train or a number of trains in a group.

The cathode ray transmitting and receiving
apparatus may be used
delay network type as shown in the earlier draw-
ings; thus a cathode ray transmitting tube may
be used with a delay nefwork receiver and vice
Verse.

The transmission of signals here described re-
quires & transmission link suitable for facsimile
or television signals, in that substantially no phase
distortion is tolerabie within the working ire-
quency range. On the other hand, curvature dis-
tortion due to amplifying tubes, etc., does not
give cross-talk in the channels as in a multiple
carried transmission system.

Tt will be understood that the scope of the in-
vention is not limited to the arrangements shown
in the drawings, and that these are by way of
{llustration only. Thus, for example, in circuits
employing a row of valves as in Fig. 4, it is not
essential that hexode valves should be used. In-
stead of such valves, rectifiers may be employed,
the sighal pulses being applied to the line as
shown in Fig. 4 through rectifiers so arranged
that only the peak of the pulse rises to sufficient
voltage to pass through the rectiflers. Second-
ary windings of the telephone transformers are
shunted by suitable small condensers and are
connected in series with the source of the pulses
and each rectifier, so that the E. M. F. from the
telephone circuit affects the amplitude of the
pulse passed through the rectifier. The rectifiers
employed may be of the copper oxide or contact
type, end the number of valves may in this way
pe considerably reduced. :

Again, bridge circuits of known type, including
contact rectiflers, may be used, the signal ampli-
tude modulating the pulse amplitude passed
through the bridge circuit. Tests have shown
that it is possible to
quency range which extends up to half the cycle
if a pulse representing. the
message of one particular channel is sent 7,000
times per second, then frequencies up to 3,500
can be transmitted on this channel.
tempt to transmit higher frequencies than 3,600
leads to the production of unwanted difference
frequencies. If
telephone channel, it is necessary to insert a

Any at-.

direction is produced by -

~

interchangeably with a

transmit a telephone fre- .

such frequencies exist in the -

9,172,354

simple filter to cut out frequencies  above haif
the pulsing frequency.

The systems here described are very suitable
for operation over cables which are built to con-
stant attenuation and velocity.

What is claimed is: ' :

1. The combination with a system of multiplex
signaling in which, at the transmitter, signals
are fed from a plurality of channels through a
signal circuit and in which a train of elementary
signals is transmitted through that circuit and
having means for interspersing said elementary
signals with synchronizing signals having an am-
plitude range outside the amplitude range of said

elementary signals, each elementary signal being

representative of the signal in one of said chan-
nels, of switching means at said transmitter re-
sponsive to said synchronizing signals for con-
necting each of sald channels in turn to said
signal circuit. )

2. A system according to claim 1, in which a
plurality of groups of signals is transmitted
through a single circuit, each group comprising
g plurality of frains of elementary signals repre-
sentative of signals in separate channels, the
trains within a group being separated from one
another by synchronizing signals, there being
provided means for separating the groups from
each other by further synchronizing signals of
different duration from the synchronizing signals
separating the trains within & group.

3. A system according to claim 1 in which a
plurality of groups of signals is transmitted
through a single circuit, each group comprising
a plurality of trains of elementary signals repre-
sentative of signals in separate channels, the
trains within a group being separated from one
ancther by synchronizing signals, there being
provided means for separating the groups from
each other by further synchronizing signals of
different amplitude from the synchronizing sig-
nals separating the signal trains within a group.

4. A system for multiplex signaling in which a
plurality of groups of signals is transmitted
through a single circuit, each group comprising
g plurality of trains of elementary signals rep-
resentative of signals in separate channels, means
for separating the trains within a group from
one another by synchronizing signals having an
amplitude range outside the amplitude range of
said elementary signals, and means for separat-
ing the groups from each other by further syn-
chronizing signals of different amplitude from the
synchronizing signals separating the signal trains
within a group.

5. A system for multiplex signaling in which a
plurality of groups of signals is transmitted
through a single circuit, each group comprising
a plurality of trains of elementary signals rep-
resentative of signals in separate channels, means
for separsting the trains within a group from
one another by synchronizing signals having an
amplitude range outside the amplitude range of
sald elementary signals, and means for separat-
ing the groups from each other by further syn-
chronizing signals of both different duration and
amplitude from the synchronizing signals sepa-
rating the signal trains within s group. :

6. A system for multiplex signaling. in which a
plurality of groups of signals is transmitted
through a single circuit, each group comprising
a plurality of trains of elementary signals rep-
resentative of signals in separate channels, means
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another by synchronizing signals having an am-
plitude range outside the amplitude range of
said elementary signals, and means for sepa-
rating the groups from each other by further
synchronizing signals of different duration from
the synchronizing slgnals separating the trains
within a group.

7. The combination with a system of multiplex
signaling in which, at the transmitter, signals
are fed from a plurality of channels through g
signal circuit and in which a train of elementary
slgnals is transmitted through that circuit, and
having means for interspersing said elementary
signals with synchronizing signals having an am-
plitude range outside the amplitude range of
sald elementary signals, each elementary signal
being representative of the signal in one of said
channels, of switching means at sald transmitter
in the form of g plurality of relays responsive to
said synchronizing signals for connecting each
of said channels in turn to said signal circuit.

8. A system in accordance with claim 7, In-
cluding a delay network between said signal cir-
cuit and said relays.

9. A system in accordance with claim 7, char-
acterized in this that a delay network is pro-
vided for influencing the timing of said synchro-
nizing means.

10. The combination with a system of multiplex
signaling in which, at the transmitter, signals
are fed from a plurality of channels through s

7
signal circult and in which a train of elementary
signals is transmitted through that circuit, and
having means for interspersing said elementary
signals with synchronizing signals having an
amplitude range outside the amplitude range of
said elementary signals, each elementary signal
being representative of the signal in one of said

- channels, of switching means at said transmitter

responsive to said synchronizing signals for con-
necting each of said channels in turn to said
signal circuit, said switching means including a
cathode ray tube serving as a signal distributor,

11. The combination with a, system of multiplex
signaling in which, at the transmitter, signals
are fed from s .plurality of channels through a
signal circuit and in which g train of elementary
signals is transmitted through that circuit, and
having means-for interspersing sald elementary
signals with synchronizing signals having an am-
plitude range outside the amplitude range of said
elementary signals, each elementary signal being
representative of the signal in one of said chan-
nels, of switching means responsive to said syn-
chronizing signals for connecting each of said
channels in turn to said signal eircult, said

switching means including a cathode ray tube

serving as a signal distributor, sald cathode ray
tube having a screen and a plurality of targets
behind said screen, said targets being associated
with signal channels. :
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