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. 18 Clazms
1
Thie present mventlon relates to mulmplex sig=
nc-l high frequency ‘transmission systems ‘of the
kind utilising electrical pulses.

It is now well known that ‘sighnal waves ‘bear-
ing ‘intelligence ‘can be transmitted by ‘means
of.a train ‘of ‘electrical pulses ‘occurring «at -equal
time intervals and whose -durstions are varied
in accordance with the instantancous amplitude
of the signal. ‘Such pulses -are herein Teferred
to as duration modulated bulses.  In @ mod-
ification of this system -of signal wave transmis-
sion, short electrical pulses -6f- -constant -duration
are transmltted ‘to mark the leading and trailing
‘edges of duration modulation pulses, and ‘when
eitherthe leading or trailing edge occurs at ‘equal
intervals of time, only the pulse - marking the
edges of the duration modulated pulses which
occur at varying intervals of tinre-ineed be trans-
mitted. This type of ‘transmission s ‘Sometimes
referred to as'a single pulse oi timie ‘modulated
pulse transinission or ‘pulsed- bhase modulation,
the pulses of ‘cohstant short duration : ‘occyrring
at varying intervals of time in accérdance With
the instantaneous amphtude of the slgnal wave
to be transmitted.

When both the fized and movmg ‘marking
pulses of ‘a duration modidated system are trang-
mitted, the system is referred to as a -doablke
pulse systerm. In the single pulse system, e
fixed pulse may be reinserted at the Teteiver
and the solid pulses or duratiéh modulated. pulses
cbtained from the fizxed -ahd movable pairs of
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pulses’for example By means-of known Huild baek

circuits which serve to reproduce ‘the original
rectangular duration thodulated pulses. ¥ in
the single pulse system the pulse duration is only
& small fraction of the time intérval betwesn the
occurrence of successive pulses, and if the vari=
ation of this time interval taksh up for ia maxi=
mum time or phase modulation ‘of the pulses is
also small, then other traihs of similar :puIses
may be transmitted having the same pulse repe-
tition frequency, but whose ‘pulses oceur in the
intervals between the pulsés 'of another - train.,
Thus each pulse train may bear tite o -phaseé
modulation of its respective sigral ‘wave 4nd ‘a
multiplex channel transiission system is Ppro=
vided. It is thie object of this invention to. pro-
vide practical arrangements ‘'whereby such E:
system may be put into practice.

In systems of this type four imaih ‘operations
are essential. Fu‘stly, producing the trains -of
unmiodulated or unphased pulses, ‘one ‘train Tor
cach channel the pu}ses of each tram for each
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timed or phased to oceur with respect to the pulses
-of other trains of the -system, -and modulatmg
the pulses of each channel with the respective
signal wave. Secondly combmmg all the chan-
nels into one transmission. Thlrdy, -at the re-
‘celving end of the system directing the pulses of
2 ehannel o -‘respective  receiving apparatus
Fourthly, obtaining the s1gna1 waves -from. the
tl am of pulses-in the respective channel

t.will ‘be understood that ‘more than one of
mesu ‘operations may be performed by the same
-eqtipment; that the pulses'may be transmltted by
line, wave -guide or radio, and may comprise di-
Tect -current pulses ‘or trains of waves -of higher
frequency than ‘the pulse repetltmn frequency.

‘Apparatus for carrying -out these ‘operations
in practice will-now be described, reference being -
made to the accompanying drawings.

In ‘the drawings: . .

Fig. 1 1is an -explanatory ‘diagram relating tg
an arrangement -for producing tlme-phased
pulses;

Fig. 2 shows in block schematlc a circuit ar-
rangement -of a multi-channel pulse 51gna111ng
system; . .. -

Fig. 315 an eXplanatory d1agram used ‘in -con-.
nection with Fig, 2:

Fig. 4 shows in. block schematm another ‘cir-
‘cult arrangement -of q mult1 channel pulse sige-
glling system;

Fig, 5:shiows in bloek scHematic’ a further cir-
‘cult arranigement of @ 'ulti-channel pulse sig-
yralling 'system;

Fig.6is an exp*apatory dlagram ‘used in con~
néction with Fig. 5;

Tlig, 7 shows d1agrammat1ca11y a cathode ray
‘tube arrangement for producing time-phased
Ensdulated -pulses in fa “plurality ‘'of channels;

Tig. 8 ghows in block ‘schematic forim cireiit
‘artangenients ‘of 4 recéiving ‘equipment;

- g, -9 shows ‘explanatory curves used in ‘the
aescrlptmn*of Fig. 8;

. 8 ws explanatory curves Used in ‘the
‘ezplanatlon of the operatwn ‘of the recelvmg 01r-

‘cult shown in block schematlc form ‘in

Fig 1 shows a olock schematlc ‘of ‘a modlﬁed
recelver cn'cmt

Flg 12 'shows 1n block gchérmatic form the re-
‘ceiving cxrcult of Fig, 11 1ncorporat1ng corrective
devices in accordance with features of the in-
vention:;

-Figs, 13 and 14 show Varmus curves Used in the

description;
®is. 15 shows in block schematzc form receiva
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ing arrangements incorporating further corrective
devices;

Figs. 16 and 17 are explanatory data;

Fig, 18 shows curves used in the explanation
of the operation of the corrective devices used in
Fig, 15;

Fig. 19 is a circuit arrangement of
of Fig. 15;

Fig. 20 shows a circuit arrangement of the
systems shown in Fig. 15.

From one aspect, a system of the type specified
comprises a series or train of short constant dura-
tion pulses, every “nth” pulse of which is time .ot
phase modulated in accordance with a desired
signal wave, there being «p» different channels.
From another aspect, a system of the type speci-
fied comprises a plurality of pulse generating de-
vices of the same pulse repetition frequency, one
for each channel, and which are properly time-
phased with respect to each other so that the
generated pulses of one device or channel occur
during the intervals between the generated
pulses of the other devices oX channels, the dura-
tion of the pulses and the intervals between suc-
cessive pulses of the combined channels leaving
sufficient time between successive cccurrences of
pulses in the combined channel train to allow for
time modulation of the pulses.

The pulses of a plurality of channels are shown
in Fig. 1 of the drawings. By way of example,
four channels are illustrated. Channel! | con-
sists of pulses a, at, a'l, etc. Channel 2 consists
of pulses b, bl, b1, etc., and so on for channels
¢ and d which are representative of channels 3
and 4 respectively. Each
at any position within the time interval indicated
by its adjacent dotted lines, depending on the
amplitude of the modulating signal.

Arrangements for producing a time-phased
pulse train for one channel will now be described.

Firstly, & train of pulses are duration modu-
lated according to known technique, and differ-
entiated for example by passing through a high
pass filter to- produce pulses of short constant
duration of opposite signs respectively ' at the
instants of the leading and trailing edges of the
duration modulated pulses. :

There are many ways of phase modulating a
pulse train, and similarly there is also a variety
of methods which may be employed for combin~
ing individually modulated pulse trains, and/or
the producing of pulse trains having the correct
unmodulated relationship prior :to their being
modulated by their respective modulating signals.
A basic circuit arrangement is shown schemati-
cally in Fig. 2 where | represents a sinusoidal os-
cillator of the pulse repetition frequency of each
channel. Tts output is fed to units 2, 3,4and 5,
which phase the sinusoidal wave the correct
amount in each channel corresponding to the
unmodulated relative pulse phases of the different
channels as shown at ¢, b, c and d Fig. 3. Units
€, 1, 8 and 9 are further phasing circuits in which

the unit 195

the degree of phasing is controlled by the applied

signal voltage applied at terminals 15, 16, 1T and

pulse is liable to occur ;
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18, respectively, according to known practice such

as is employed in frequency modulation systems.
1f desired, these two stages 2—86, 3—1, 4—8 or
59, may conveniently be combined. TUnits 10,
i1, 12 and 13 are pulse forming circuits for ex-
ample biassed amplifiers and amplitude limiters
which convert the applied phased sinusoidal
waveforms into short duration pulses, which
pulses from all the channels are fed to a common
amplifier so as to form the required single pulse

70

75

4

train in amplifier or other unit {4. This whole
operation is further jllustrated by Fig. 3 where
a represents the output of {, Fig. 2. It is usual
though not necessary to allow this to provide one
of the channels so that here no phase displace-
ment is given by 2, Fig. 2. Phase displacements
given by units 3, 4-and 5, Fig. 2, provide outputs
as shown at b, ¢ and d, Fig. 3, respectively.

Neglecting for the moment the variable phase
shifting produced by the modulation, signal
units 18, i1, 12 and i3 produce pulses as shown
at e, §, ¢ and h, Fig. 3, which on combining at
unit {4, Fig. 2, produces the pulse train j, Fig. 3,
which may then be employed to modulate a car-
rier wave transmitter according to known prac-
tice.

Another basic arrangement for producing the
phased pulse trains is shown in Fig. 4 where 18
is any pulse generator and 20, 21, 22 and 23 are
time delay networks which may each be divided
into two sections 20a, 200, 21q, 21b, 22q, 220, 23a
and 23b, respectively, if desired, parts 20A, etc.,

giving the requisite fixed delay so as to phase

the pulses of each channel appropriately and
parts 20B, etc., providing a small variable delay,
controlled by the modulating signal which would
be applied at terminals 24, 25, 26 and 27 respec-
tively. Such variable time delay device may, for
example, comprise an artificial line network hav-
ing an electron discharge device arranged so.that
by means of ifs reactance variation, known as the
“Miller effect,” the inductance or capacity of the
net work can bhe varied to modify the delay pro-
duced by the line network. The “Miller effect”
is controlled in known manner by the signal volt-
ages. This circuit may be of any well known
form as is used in ordinary phase modulation
circuits, it being only necessary to substitute a
pulse train for the usual sine wave input of such
phasing units. A suitable circuit for this pur-
pose is illustrated in U. S. Patent No. 2,259,382,
granted . October 14, 1941. Then these pulse
trains. would be combined at amplifier 23 and
the resulting pulse train obtained at terminal 29
used for modulating a transmitter.

A third basic arrangement for producing the
phased pulse trains is illustrated by Fig. b where
30 is a sawtooth generator or generator of any
waveform from which it is possible to produce &
variable width pulse. - This is then fed into pulse
former units 31, 32, 33 and 34 respectively each
contdining an amplifier, and these amplifiers are
each biassed or otherwise adjusted so as to pass
varying portions of the wave form and thus to
produce progressively longer duration pulses
from channel to channel (see Fig. 6). By apply-
ing also a modifying voltage determined by the
channel modulation signal to terminals 35, 36,
3T and 38 respectively, operating for example on
the .amplifier control grids, these various width
pulses may be duration modulated and then after
differentiation by units 39, 4¢, 41 and 42 which
comprise, for example, high pass filters and ampli-
tude limiting by units 43, 44, 45 and 46 respec-
tively, to eliminate one of the differential pulses,
the differential pulses due to the moving edges
of the duration modulated pulses are obtained
and are the required phased pulse trains which
may-be combined together in amplifier unit 47
prior to being used to modulate a transmitter.
If the initial waveform is a sawtooth the result-~
ing pulses will have one fixed edge the differen-
tial pulses resulting from which are eliminated,
and one variable edge, but in the case of, say, a
sinewave -both edges will vary. However, this
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‘makes no-differierice as'hy amplitude limiting the
‘desired ‘differential ‘pulse train may be ‘obtained.

‘Referring ‘to Fig, 6,-a Tepresents the waveform
‘generated by 89, Fig. '5, -and dotted lines 4, %, 1
‘and m represent ‘the-cut-of voltages of ‘units 3,
32, 38 :and 34 respedtively so ‘producing -after
-amplification and -amplitude * limitation - ‘pulse
‘trainssshown correspondingly atb, d, f and h, Fig.
‘6. ‘Application:of a‘modulating voltage Willicause
‘these pulses to ‘be ‘individually duration ‘modyu-
lated, the leading edge being the variable so that
1t is “from ‘this eflge ‘that the requiired ‘phased
pulse can ‘te obtained by differentiation as ‘shown
‘dt-c,’e,-g'and i respectively.

"The ‘plilse derived from ‘the Hxed trailing ‘edge -

“shown -dotted) is remeved by ‘the Timiting ‘éir=
Tuits. ‘On combination ‘at 47, Fig. 5, ‘the re-
quired *pulse train 2, Fig. 6 is ‘obtained. -

A further ‘method ‘of ‘broducing phased pllse

‘trains in ‘accordance with our invention ‘which

‘may ‘be ‘employed makes tise of ‘an impiilse %iibe
‘in which @ circular scan is'employed, and 2 sab-of
‘deflector 'plates and target bars are ‘provided for
‘éach chiannel. Such ‘an ‘arrangement ‘is shown
diagrammatically ‘in ‘Fig. 7 where ‘the ‘deflector
‘plate assembly consists Of say a -common plate 48
‘gHd for example four plates 79,89, 51 and 52 ‘be-
‘bween -each ‘of ‘which and the common plate 48
‘are ‘gpplied the ‘corresponding channel moduls-
‘tionSignals. The'target may consist of onestric-
‘ture providing ‘the’cotrectly ‘placed bars-on ‘which
are ‘produced ‘the required phased pulses which
‘are-‘obtained ‘dt say ‘terminal 53, from the end ‘of
Tesistance R. "The target bars o, b, ¢, d are con-

‘nected at'one ‘end ‘to 'a ‘common ‘terminal plate & 2.

‘which iIn turn s connected ‘to -earth potential
through ‘resistance R. o o
_‘I'He beam ‘is'caused ‘to rotatesst ‘the pulse repe-

‘tition Tréquency ‘by known ‘means, Tor example,
two voltages ‘from & sotirce 139 -at ‘the correct
Trequenicy ‘in ‘quadrature phase -applied betwesn
‘Derpendicularly related ‘pairs-of ‘deflecting plates
181, °182. A ‘deflection ‘circuit ‘for such rotation

of the bearm is shown and described on 'page 217

‘of “Ultra High _ ues”
Brainerd, Koehler, ‘Reich, ‘and Wocdruf, e
unmodulated trace of the beam ‘s shown -at 7
in'Fig. 7, and when ‘the modulating potentisls are

dpplied to ‘the electrodes ‘43—49, 4359, 43— 5| 50

‘and ‘4852, ‘thie radial deflection of ‘the 'beamn is
Varied ‘thus varying the times at which it strikes
the bars-a, b, c and d and ‘produces correspond-
g ‘time-phased ‘pulses ‘in ‘the ‘resistancs R, ]
In these multichannel systems it is prefarable )
‘to Provide ‘eatis ‘to ‘synchironize the Técéiver Tor
_Droper ‘chatiniel ‘selection 50 that ‘manual adjust-
ént s Tiot necessary. To ‘this end we provide
‘that orie of the chanriels may carty a distinetive
Syhchrotiizitie chardcteristic, ,
dstic may -donstitute a particular differénce “in
bulse duration or Width as shown by ‘the. wide -
‘pulsés ‘140 ‘of Fig. 9, ‘the ‘normal riarrow chitinel
‘Dulses being showh at 141, 142, {43 snd 144, ‘Such

‘a charactéristic may be imbarted for-examnle in ..

one-of the pulse-forming circuits such as ciroliit
10 of Fig. 2. Shaping ‘pulses in this ‘Manner to
'secure a desired width or duration is well kngwn
in the art ‘and does not need specific Mustiation.
Tt is comirionly ‘used ‘for ‘the purpose

ternatively, ‘a khown [Irequency ‘thay be applied
'ty ‘the particular ‘synchronizing channel.
‘Purhiing now to'the receiving side of the'systein
Of Comnmunication ‘agcording ; 1
‘thiere ‘d¥e vatiols ‘methods ‘Whereby ‘the pulses

14

B
=

Frequency Techniques” by 4

‘Stich a, chardcter-

‘to ‘the ‘itiverition, _ : ( 7 .. Referring to 'F
75 9, ‘clite o Tebreserits the tranimitted ‘Pulse train

D

<o

<
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't is comurionly ‘used ‘for tl of securing
‘television synchionizing ‘pulses oy eXample. Al-

i pulse ir

6

Forming the independerit “communiication Ghm«
‘nels ‘may ‘be ‘separdted Gut @t the ‘receiver. ‘One
‘methed ‘consists in ‘employing a master:oscilldtor
from which by phasing civeuits, pulse traisvela-
tively phased to ‘correspond ito the varicis whiin-
nels may be obtained. These pulses:may then e
‘used o controlia dirclit e that the recoived wsig-
hal is only accepted :during ithe weriod at which
‘the ‘corresponding ‘channel lses wrifve, Buch
2 systemis-shown in'Fig.:8'where 54iis the master
‘oseillator-of frequenty corresp andng to she plilse
Fepetition frequency ‘of éach ‘channél. - . .

55, ‘58, *BT und 58 :are the phase SHift wiretits
and 59, 60, '8 ‘and 62 fthe pulse forming wirduts
respectively which thay e ‘of forms a5 Hurbin-
‘betore described dn ctonmedtion with Ehie trams-
mitter. - “The pulses 5o formed are given & Hra-
‘tion ‘torresponding to the maxitmum modulztion
‘excursion of lthe ‘cofrasponding ehatins] pulses
and @re used to ‘unbiss, Gr otherwise LontHel
blocked amplifisrwireuits 63, 64, 65:5md 66 S0 hiit
‘they ohly ‘pass ‘a signal piilse during e Dericd
©f ‘the ‘controlling pulse ‘durstion. The JHPULS to
these blocked amplifier units iaire obtatred Lo
the ‘recelying unit 67 ‘which .if thie tramsiission
‘nreditm is s radio link will ‘consist of dhe B B,
‘amplifying and ‘rectification systemms, hodording
‘0 standard ‘practice so that its outvut will thion
‘e similar ¢o ‘the pulse tigin ‘used for nodulating
the ‘transmitter. The ‘sigrals ‘obtained Bt ber-
‘minals 88, 69, I8 and P wil ‘tHerefore e Piilde
trains forming Sndividusl ‘charinels “Which 7
ithen e @ermodiilated s ;

A miodification ‘of ‘this wrray
ing ‘and ‘separating the individim] channel 1 Hlse
tralns consists of ‘meany For ‘Synchironising he
Mmaster oscillator 54 Wwith dts Cotnterant it tie
‘transmitter and one Chutinel sy be eniployed
for “this .pufpose, by ‘transmitiing ohe chunwel
in without time dnodiftatich Bt With
‘Other ‘distinctive characteridtics, - Then it ‘fhe
‘Teceiver, a ‘frequendy 'selebtine Cirouit 45 Hsed uF
‘thie typies which ‘miay Wesult ih ‘sither tive Senera-
tlon‘of solid pulse or:sawtooth Wavetotm oF Eithicr
‘the ‘Tequired frequenty or a; WHultifle: of ‘it #yem
which may be obtained the reduited ‘nikster fro-
‘quencey for €ither ditect tise 6rifor SyHaHES sihg.
‘Whiere 3, large muriber of chantiels are emiblofed
1t is possible Yo 6btain the Tundarnients] fregipey
‘of ‘the ‘transniitted ‘pUlse timin wnd Wivide HHis
‘down for ‘obtaining fhe Teqlsred SrHster Fro-
‘Quericy obtaining ‘only a Negligilile degree of tross
‘talk. Having ‘Grive obtdined the Whgnhel Hiilse
‘repetition frequency any 'of fhie systenis destribed
for the transmitter equipment niay be Criployed
‘to obtain the ‘required wulsss st the ‘Yévelver for
tunblockitig ‘the respective Tecsiviig ‘ehannéls ‘as
‘described Heréinbetore. - R R

‘Whiere “a, TelaXation oseillstor ©F Haditive ir-
‘ouit ‘Is ‘employed Compiising ‘a ‘Capasity clinrged
by ‘the ‘received pulse triin 'to 3 Voltage Which
‘triggers ‘Off ia ‘discharge “CIrciilt ‘for 'Brodiiiig
‘Wwaveform with ‘thie ichanns] Hiilse repdtition Fre-
quency ease of synchronisation may be incressed
by “giving ‘to the Unmodulated Biilse T o he
‘synchrénisin'g‘chﬁnhelfa'@iiimﬁib”nz'slfghﬂy gredter
‘than the otherchatinels, thidh oh reciifivation of
‘the ‘received ‘total Dulse traih ‘Cotprisivg ‘Il the
‘cHahtiels, a ‘EEek volkage *
use ds ‘a Synchioniging -
oSt Voltage fin ‘thecas ittt
'Siich & system s comimonly” used ‘for separation
‘of ‘television Synchronizing ‘plilses, ‘for exatiple,
see U.'8. ‘Patent No, 2,207,775, Reéterring to ‘Fig.
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and:b the rectified mean voltage. . It: will-be-seen
that pulses-:I40B- corresponding to transmitted
pulses:140: may be easily ‘segregaved by amplitude
clipping -to provide the synchronizing - waves.
-+"The :same -effect-can of course be. obtained by
.omitting one channel,:a. negative ‘dip being ob-
tained-as.shown dotted at b, Hig. 9, which may be
used-as the synchronising-pulse. =7 -~ .0 00 "5
=An entirely. different method of - reception
maXes use of the:double-pulse build back circuit
principle and may be termed “Progressive -selec-
tion method.” -A-build back-circuit is a multi-
~vibrator:type circuit-which-has a free Joscillation
period at least-as-great as ‘the greatest pulse sepa~-
ration-and has double stability, or in other words,
two, conditions of rest, and-is-arranged to remain
in either condition of rest until acted upon by a
pulse, whereupon ‘it shifts to the other condition
of -rest in which condition it remains until acted
upon:by.a pulse of the same polarity as the pre-
vious pulse, whereupon it shifts back again to its
first condition of rest.- The method using such
a circuit consists in passing the received pulse
train obtained from the receiving unit after rec-
tification of the H. F. carrier signal, through a
buildback " circuit with the result that alternate
pairs of pulses form a longer duration pulse, the
leading edge being formed by one pulse and the
trailing edge by the next, the position of these
edges being dependent upon the positions of the
corresponding pulses, On passing this newly
formed pulse through a differentiating circuit a
positive and a negative pulse will be obtained from
the respective edges and these may readily be
separated by passing through 'a limiter stage.
This therefore, has the result of separating the
received pulse train into two separate trains. A
further division of these two trains may now be
carried out until eventually pulse trains corre-
sponding to 4ndividual channel pulse trains are
obtained. The operation of this arrangement
may be readily seen by referring to Fig. 10 where
e represents a received pulse train containing for
example four channels, namely a, b, ¢ and d,
channel a consisting of pulse a; al; all, ete., chan-
nel b-of pulses b, b1, b, et ete. :

. .On feeding this pulse train e to a build back
circuit the pulse train shown at f is obtained
which on passing through a differentiating cir-
cuit, for example a high pass filter, produces
pulse train ¢ consisting of alternate positive and
negative pulses from which by passing through
correctly adjusted limiting circuits may be- ob-
tained pulse trains 7 and i. On repeating these
operations with build-back and differentiating
cireuits utilising the pulse train shown at &, pulse
train 7 is obtained and thence pulse trains %, 1
and m from which it will be seen that pulse train
1 consists of the pulses forming channel a only
i. e. a, al, ail, etc. and pulse train m consists of
channel ¢ pulses only namely ¢, ct,etec. A similar
operation carried out utilising pulse train i would
result in the separation of pulses of channels b
and d.

The great advantage of this system of reception
is that no synchronising mechanism need be em-
ployed at the receiver but the number of chan-
nels required in this system must be 2™ where n
can have any integral value between 1 and in-
finity. A schematic circuit arrangement for such
a system is shown in Fig. 11in which T2 represents
the receiving unit from which the multi-channel
pulse train is obtained. 13 represents the first
build back circuit and differentiation circuit fol-
jowed by limiter circuits 74 and 15 respectively ad-
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justed to pass-only one of the differentiated pulses
from the output-of 13.. Each of these then feeds
into -the second build -back and differentiation
circuits 76 and: 11 respectively, from which the
two further .pulse -trains forming the required
channel pulse trains are obtained via amplitude
limiter circuits 18, 79, 80 and 81 at terminals 82,
83, 84 and 85 respectively. Whilst an aerial pick-
up has been shown in Tig. 11 it will be understood
the pulses may be received.over.a transmission
line. : e e

More specific circuit details will be disclosed
hereinafter in connection with Fig. 20.--. - -

The demodulation of--the- individual .channel
pulse trains may be performed. by the employ-
ment of a circuit as described in the specification
of United States application No. 374,660, is-
sued Patent No. 2,406,790, September 3,1946, or by
any other known pulse demodulation circuit such
as a low pass filter. The circuit disclosed in said
application is a differentiating _detector circuit
having a three element discharge tube provided
with a grid leak and condenser input circuit. The
whole system may be made to include all the ad-

~ vantages inherent in pulse systems of transmis-

sion such as improved signal to noise ratio and
economical power consumption. With the syn-
chronised systems of reception each channel is
made unresponsive to any unwanted signal such
as ncise interference except during the period at
which the wanted pulse may occur. In the case
of the progressive selection method, by operat-
ing all amplifiers in the pulse circuits from anode
current cut off to overload or saturation value,
unwanted signals are in this case also eliminated
except for the period occupied by the pulse edge
as with all pulse systems of transmission.

In its basic form the progressive selection sys-
tem just described is liable to produce unwanted
results if the received signal is not entirely free,
especially where radio links are employed, from
external influence such as interference or fading
ete. or intentional jamming by inserting extra
pulses to change the recurrence frequency.

Under such circumstances it is possible that
any individual channel signal may appear at dif-
ferent selecting circuits in a random fashion.

The.following are the methods and arrange-
ments according to features of this invention by
which such occurrences may be prevented-—it will
be realised that these methods will also secure the
correct starting operation or selection, in proper
rotation, of the channels of the communication
system. ’

In describing the following methods it will be
assumed that such details as limiting, differen-
tiating and other such items will be inserted where
necessary, as will be understood by those versed
in the art. The description will first be of the
principles of methods which may be.used.. These
can be enumerated as follows: - :

(@) Correction of functioning may be obtained
by the use of build back circuits of the multi-
vibrator type wherein their “free” or natural
running frequency periods correspond to maxi-
mum permissible time modulation of the received
pulse train in the manner shown in Fig. 13 in
which a, b, ¢, ete., represent the pulses; al, a?, bl,
B2, cl, ¢, etc., the respective limits of time modu-~
lation. The second curve in this figure shows
the pulses when the multivibrator circuit is run-
ning free at the pulse repetition frequency of each
channel multiplied by the number of- channels, the
pulses having the maximum durations. The third
curve shows the pulses in the multivibrator out-
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put circuit when controlled by signal pulses, there
being no external effect to upset the proper and
correct reception. To enhsure correct occurrence
at equally spaced intervals of time, the leading
edges of the pulses would be synchronised to a
local master oscillator, which would in turn be
synchronized with the average repetition fre-
quency of the incoming pulses. Trigger pulses
from the master oscillator may be suitably phased
in a known manner and used to operate the multi-
vibrator circuit in one sense to produce the lead-
ing edges of the pulses shown in the third curve
of Fig. 13, while the incoming signal pulses are

used to operate the multi-vibrator in the other

sense to produce the trailing edges of the pulses:

(®) By converting the tims interval of the in-
terference into an amplitude transient which
latier may then be used to provide the required
correction. - For example, referring to Fig. 14, g
train of sharp signal pulses would produce in g
circuit a mean D. C. level of height Am which in
the absence of external effects will be constant
but when any external interference arrives the
value of hm will vary and this variation may be
used to provide-the required correction, as by uti~
lizing the value 2m to control the blocking of the
receiver so that the interference pulse will block
the receiver and prevent the response of the build
back circuit at that instant,

(e) A distinguishing feature may. be given to
one channel pulse train such as g pilot frequency
modulation fe which may occupy the same chan-
nel as a-signal or may occupy. a channel it-
self. Alternatively one  channel pulse train
may consist of pulses of a duration different from
the pulses in the remaining channels. Other
methods not so satisfactory consist in giving the
pulses in-one channel g different amplitude or
a differently shaped edge from the pulses of other
channels, :

Use is then made of this distinguishing feature
or channel characteristic at the sections of the
system where pulse trains sre separaied by pro-
viding an additional - unit capable of indicating
whether the special pulse train is in its correct
path of the equipment. The output- from this
unit may then be arranged to provide the neces-
saly correction such as to insert or eliminate a
bulse from the incoming signal, or modify the
operation of a build back circuit, to produce the
equivalent effect,. o

For the case of a pilot frequency this unit will
consist of a pulse demodulation circuit incorpo-
rating a filter capable of selecting the control fre-
quency fe, and for the case of g different pulse
width or duration, a -demodulation  circuit giv~
ing-a D. C. output voltage at a constant level
for correct operation, and a variation for incor-
rect- operation. This D. C. output may be ap-
plied directly or by means of a bridge circuit ar-
rangement balanced at the voltage of correct
operation-to provide the requisite correcting con-
trol. . - .- o : o

A control unit must be incorporated at the out-
put of each pulse separating stage; i. e. 74, 15
(Fig. 11),°i. e. at the output of the differentiat-
ing and limiting stages, in order to ensure cor-

rect--channel selection on starting up the re-

ceiver, or if'an interfering signal lasts for a large
number of received pulses, or alternatively if the
receiver signal fades badly. o C

It will be appreciated that although it is only
necessary to'employ one channel for control pur-
boses, more than one may be used for providing
greater scope for.detail design considerations.
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Referring again to Fig. 10 and to Fig. 12 in
which parts are given like reference to corre-
sponding parts in Fig. 11, let it be assumed that
bulse train @ has a distinguishing feature, such
as a modulation frequency f.. Now the first
stage of selection occurs after pulse train ¢ has
been obtained and results in two separate pulse
trains 2 and ¢ the former containing pulses ¢ and
¢ and the latter b and d. If the circuits for ac-
cepting a4 and c, i. e. 74 in Fig. 12, do s0 in fact,
the control unit 86, PFig. 12, then extracts from
the @ and ¢ pulse train the component of fre-
quency fe which is applied to prevent correcting
unit 81, Fig. 12, from functioning. If the pulse
train fed to 74, Fig. 12, consists of pulses b and d
then no fe is obtained and unit 81, Fig. 12, ap-
plies, as explained fully hereinafter, the necessary
correction to 13, Fig. 12, for example by invert-
ing the pulse train f, Fig. 10, or by inserting a
bulse in the received pulse train,

It will be seen that the pulse train accepted by
14 as correct may be g, ¢, @, ¢ ete, ore qc a,
etc., only one of which will provide the correct

signals at outputs 82 and 83 ete., Fig, 12, hence

the same control operation must be repeated by
units 88 and 89, Fig. 12, which provide a signal
capable of causing the output from unit 13 to be
advanced or retarded two signal- pulse periods,
by the insertion or elimination of two received
bulses. By causing circuit 89 to control the first
build back unit 73 and not the later ‘ones such
as 16 it is possible to ensure that the correct sig-
nal is obtained at the output terminals 82, 83,

84 and 85 respectively, by the use of only. one
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pilot - frequency. : :

(d) By providing a distinctive modulation for
each channel so that at the receiver means may
be provided for converting this modulation into §
voltage to be used for controlling correction cir-
cuits if a channel other than the correct. one
appears at a selected channel terminal equip-
ment. The type of correction provided depends
on the cause and duration of received signal
interruption. For simplicity correction will be
described . for overcoming interference -apper-
taining to the received signal and not to cir-
cuits at a later stage of the receiving equipment,
which if deemed necessary could be g duplication
of parts of these arrangements. This method has
many advantages over the more straight forward
methods referred to under (¢) and typifies a type
of synchronising method for multichannel sys-
tems employing a modulating component as op-
posed to a special pulse characteristic at channel
pulse repetition frequency. i

A schematic diagram of such an arrangement
is shown in Fig. 15 and in more detail in Fig. 20.
The parts in Fig. 20 -which correspond to the
blocks in Fig. 15 are given the same references as
the blocks. " As there are known build back cir-
cuits represented -at BB available which will op-
erate with positive or negative pulses, it is as-
sumed that the appropriate ones are used, other-
wise additional phase reversal devices will be nec-
essary. The units comprising capacity CI. and re-
sistance R together form a pulse differentiation
circuit. DN is a delay network and F g filter or
other arrangement for producing a D. C. control
voltage from the characteristic of the channel,
for example, the pilot frequency. The block 9§
represents the first stages of a receiver giving an
output similar to the train of phased pulses used
for modulating the {ransmitter. These are then
passed through correcting unit 196 to the first
build back and differentiation circuit 97 after
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which the first division takes place at units 98
and 89 and the process Is repeated giving two
further divisions at units {08 and (081 from 98
and 102 and 103 from 99. This process may be
continued further, but by way of example, a four
channel system will be described herein, as
shown in Fig. 15. Units {04, 105 and 106 are the
eircuits provided for maintaining correct channel
selection.

For the case where a pilot frequency is- used
outside the required signal frequency band, the
pilot frequency wave may have a different ampli-
tude or frequency for each channel. In the
latter case the filter for separating out the pilot
frequency may be such as to provide at the out-
put thereof different amplitudes for different in~-
put frequencies received. In one case, such a

10

15

filter would be connected to the output of one .

channel and be provided with a rectifier circuit
for producing a D. C. voltage which has a pre-
determined value when the correct signal is re-
ceived and would vary when the wrong signal is
received by that channel. - The variation in volt-
age may then be used to provide the correction
to the incoming pulse train so that the pulses
fed to the channel having the filter provide the
said predetermined datum voltage which exerts
no control or variation in the operation of the
correcting unit. This pilot frequency selection
filter is indicated in Fig. 15 by 164 the output
from which is fed to the two correcting units 108
and 108. Unit 185 is capable of extracting pulses
from the received pulse train and unit {68 pro-
vides means for inserting pulses in the received
pulse train. Such units will be described more
in detail in connection with Fig. 19.

The necessity for providing two such types of
correction units 105, 106 is in order to prevent
continuous over correction which is a possibility

when employing control voltages whose varia-.

tions are slow compared to the pulse repetition
frequency. TFig. 16 indicates in the third row
down the effect of the introduction of a short
interfering signal (INT), or in the fourth row
down the loss of a pulse (the second pulse) due
to fading and it will be seen that these occur-
rences are equivalent to-altering the channel se-
lection sequence.

For example, let it be assumed that unit 1064
Fig. 15 is connected to channel terminal B and
that pulse train 2 provides in the output of unit
184 a voltage equal to the predetermined or
datum voltage, and then as shown in Fig. 17, the
voltage produced at terminal B by the channe] |
train of pulses will be less and voltage produced
by pulse trains of channels 3 and 4 greater re-
spectively than the voltage produced by the pulse
train- of channel 2. If an interference pulse is
received pulse train | may be received at channel
B and then output voltage of unit 104, Fig. 15,
will be reduced from that produced by the correct
train 2. From a study of Fig. 17 it can be seen
that a pulse missed will cause an increased volt-
age output while 2 pulses missed will cause a
greater output voltage of 104, a condition which,
as will be seen hereinafter will cause & quicker
correction and is especially useful where more
than four channels are employed. The effect
of a long period of noise, or fading may leave the
system in any condition, vut if circumstances
are such as to require it there will immediately
be produced in the filter output the necessary
correcting voltage.

Units 105 and 106 may consist of a variable
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impedance shown as an electron discharge tube
{18, Fig. 19, whose control grid G is provided
with bias voltage from unit 184 applied at termi-
nal 189. The received pulse train is applied be-
tween terminals i07 and {98 to the anode and
control grid via capacities Cc{ and C2 respec-
tively.

The operation of unit 105, the pulse extractor
unit, Fig. 15, can best be explained in conjunc-
tion with Fig. 18 and Fig. 19. (@) Fig. 18 repre-
sents the input pulse train to 105, Fig, 15, at
terminals 107 and (88, Fig. 19, obtained from
receiver 96, Fig. 15. Under normal conditions
the output voltage of unit 194, Fig. 15, which is
fed to 189, Fig. 19, to control the impedance of
the tube is such as to calise the output of §88, Fig.
15, obtained at terminals i1t and 112, Fig. 22, to
be as shown at (b) Fig. 18. :

On the oceasion of an additional interference
pulse being received it will be seen that channel
pulse train No. 1 will be received at B (see Fig.
16) so that the voltage output of 194, Fig. 15,
will be reduced which will cause the impedance
of 110, Fig. 19, to increase. The tube {18, Fig.
19, is initially biassed beyond positive cub-off,
i. e. beyond saturation point so that the result-
ing increased negative bias voltage on valve 118,
Pig. 19, will cause this valve to feed an ouf of
phase pulse to terminals fi2 and {14, and the
succeeding output pulses from unit 185 will tend
to decrease in amplitude. However, as the im-
pedance of valve 10, TFig. 19, increases, so does
the time of the trailing edges of output pulses
also increase, These successive pulses will still
operate unit 87, Fig. 15, until an extra large
spacing between pulses occurs when unit 8%, Fig.
15, will not be operated, owing to the fact that
the succeeding pulse occurring after the extra
large spacing occurs after the preceding pulse
has terminated and the amplitude of the said
succeeding pulse is not sufficient by itself to oper-
ate the build back circuit 97.

Due to the variable spacing which occurs be-
tween the pulses and the consequent reduction
in voltage at a relatively slow rate compared to
the mean pulse repetition frequency, pulses will
only be eliminated as just described after the
longest intervals which are liable to occur be-
tween pulses. The chances, however, of pulse
elimination will increase until the requisite num-
ber of pulses have been eliminated and the con-
trol voltage from (04 is increased to its normal
value. : :

Unit 106 of Fig. 15 provides means for insert-
ing an additional pulse or pulses into the received
train of pulses and consists of a similar circuit to
that of Fig. 19, or an impedance may be used in
place of valve 10 so as to produce at the ter-
minals 111, 112, a varying amplitude pulse train
which is fed to an amplifier 129 (Fig. 20) that is

‘normally biassed beyond out off. Its grid bias

is, however, controlled by the ocutput voltage of
104, Fig. 15, so that in the event of this output
becoming positive due to missing pulses in the
received pulse train, the amplifier’s bias is reduced
and a maximum amplitude pulse, obtained from
the second of two pulses occurring close together,
is amplified and passed through a delay circuit
DN (Fig. 20) from which it is fed to the first
build back cireuit 97. A nominal delay should be
used in DN, and if the first pulse coincides with
another pulse, the operation will be repeated.
The frequency of this operation will be increased
as the control voltage increases. In curve c, Fig.
18, the dotted line (i) shows the cut off bias to
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which the amplifier 129, Fig. 20 drops as the out-
put from 104 increases and the continuous line
shows the varying amplitude pulses in the output
of ‘112. Tt will be seen in this illustrative case
that only one pulse passes to amplifier 129.

The random action of this addition and sub-
traction of pulses by units 106 and 105 respec-
tively provides time for the control voltage to be
restored to normal and so eliminates the possibil-
ity of excessive over-correction. ' Although a low
frequency control signal must inherently tend to
be relatively slow in operation, by correct adjust-
ment of the circuit time constants involved, it is
possible to obtain very rapid action with the ar-
rangement described as use is made of the first
initial change only. s I

The "advantages of employing a distinctive
feature of the channel! modulations as compared
with the employment of additional pulses for
synchronisation are a reduction of the overall
band width of transmission with a saving in
radiated energy, and also it would most probably
permit of an increase in the maximum permis-
sible modulation per channel.

“~ A further point applicable to the system herein
described is that it is possible to adjust unit 105,
Figs. 15 and 20, so that pulses of a shorter dura-
tion than the correct pulses will not be passed
through it with sufficient amplitude to operate
the first build back circuit.

- All that is necessary to convert a phased pulse
system as hereinbefore described, into a double
pulse system is the provision at the receiving end
of the fixed marking pulses which may readily
be accomplished by any of the following methods.

Firstly, to the master oscillator of the channel
bulse frequency, obtained by any of the previously
described methods may be added further phasing
cireuits-for generating the fixed marking pulses.

Secondly, in the system requiring a pulse for
controlling “pass” circuits, this pulse should be
increased in duration and phased so as to permit
both the received phased pulses and the inserted
fizxed pulses to be passed. The fixed pulses are
obtained by multiplication from the master oscil-
lator i. e. if four channels are required, then the
fourth harmonic is generated and the corre-
sponding pulses obtained therefrom applied- si-
multaneously to each channel circuit, one pulse
of every four being accepted by each channel in
turn.

Whilst an antenna has been shown, the pulses
may, it will be understood, be received over a
transmission line.

Another method, employing the progressive
selection principle has cne channel unmodulated
and then the pulses in this channel are either
vhased by time delay networks or by extracting
& wave of channel pulse repetition frequency and
cbtaining from it pulses which are properly
rhased by phasing circuits for the respective
channels.

This principle could, of course, he employed

~ with any system of phased pulses.

In the case where a large number of channels
are required, and a frequency multiplication stage
is employed, it may be found an advantage to
sub-divide the channels into groups.

It will be understood that the methods and
arrangements described hereinbefore for direct-
ing the pulses to their respective channels at the

receiver may also equally well be employed in- g -

multiplex system utilising duration modulated
pulses in place of the time modulated or phased
pulses, with the exception of the progressive selec-
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tion system which involves differentiation cir~
cuits. - The signals may be obtained in each
channel from the duration modulated pulses in
known manner.

" 'What is claimed is:

1. In a multichannel electrical signalling sys-.
tem utilizing the transmission of electrical pulses,
each channel comprising a train of time-phase
modulated pulses, time-phased with respect to
the pulses of other channels; means for directing
the pulse trains of the chantels to respective re-
ceiving apparatus including progressive sélection
means for deriving from the received total pulse
train of all .the channels g particular channel
pulse frain comprising a first stage including build
back circuit means for deriving from consecutive
pairs of received pulses further pulses of dura-
tions equal to the time intervals between the re-
celved pulses of the respective pairs, means for
differentiating said further pulses, means for
eliminating pulses of .one sign' from the pulses
resulting from the differentiation means, and fur-
ther stages including build back eircuit means for
obtaining in like manner from consecutive pairs
of the selected differentiated pulse train -of the
preceding stage further pulse trains which com-
prise pulses of a single channel only, and means
in each receiving apparatus for deriving as an
amplitude modulated wave from the time-phase
modulation of the train of pulses. receive the
intelligence carried thereby.

2. In a multichannel electrical signalling system
as claimed in claim 1, progressive selection means
wherein said means for deriving from the re-
ceived total pulse train or from a train of re-
sulting differentiated pulses comprises .a build
back ‘circuit arrangement for producing pulses
whose durations are equal to the time intervals
between the pulses of the respective pairs of
pulses. : - ' :

3. Progressive selection means as claimed in
claim 1 further-comprising correcting means for
ensuring correct channel selection of pulses from
the received pulse train. ; : :

4. Progressive selection means as claimed in
claim 1 further comprising correcting means in- )
corporated at the output of each puilse separat-
ing stage for ensuring correct channel selection
of pulses from the received pulse train.

5. Progressive selection  means as claimed in
claim 1 further comprising correcting means in-
corporated at the output of each pulse separat-
ing stage for ensuring correct channel selection
of pulses from the received pulse train, said
means being designed to insert a pulse or to elim-
inate a pulse from the received pulse train at the

- Input to a pulse build back circuit means.
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6. In a multi-channel electrical signalling sys-
tem utilizing the transmission of electrical pulses,
each channel comprising a train of time-phase
modulated pulses, time-phased with respect .to
the pulses of other channels, receiving apparatus
comprising means for directing the pulse trains
of the channels to respective channel receiving
cireuits including progressive selection means for
deriving from the received total pulse train of all
the channels a particular channel pulse train
comprising g first stage including build back cir-
cuit means for deriving from consecutive pairs
of received pllses further pulses of durations
equal to the time intervals between the received
pulses -of ‘the respective pairs, means for dif-
ferentiating said further pulses, means for elim-
Inating pulses of one sign from the pulses resulg-
ing from the differentiation means, further stages
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includirig build back circuit means for obtaining
ifr like manner from consecutive pairs of the se-
lected differentiated pulse train of the preceding
stage further pulse trains which comprise pulses
of a single channel only, and correcting means
incorporated at the output of each pulse separat-
ing stage for ensuring correct channel selection
of pulses from the received pulse train, said cor-
recting means comprising & conirol unit and a
correcting unit, said control unit being responsive
to a characteristic of the received pulses and said
correcting unit comprising means for inserting
a pulsein the received pulse train and means for
eliminating a pulse in the received pulse train
under the control of said control unit, and means
in each channel receiving circuit for deriving as
an “amplitude modulated wave from the time-
phase modulation of the train of pulses received
the intelligence carried thereby.

7. Progressive selection means as claimed in
claim 6 wherein said control unit comprises means
for giving a variable output voltage depending
upon the variability of predetermined characteris-
tic of the pulses in a channel.

8. Progressive selection means as claimed in
claim 6 wherein said means for eliminating a pulse
from the received pulse train comprises a vari-
sble impedance, means for varying said imped-
ance under the control of said control unit, means
for applying the received pulses to the input ter-
minals of said impedance, and means for apply-
ing the output pulses to the build back circuit
mesans. -

9. Progressive selection means as claimed in
claim 6 wherein said means for inserting a pulse
into the received pulse train comprises an im-
pedanceé, means for applying the received pulses
to'the input terminals of said impedance, an
amplifier, means for varying the gain of said am-
plifier under the control of said control unit,
means for feeding the output from said imped-
ance to said amplifier, and means for feeding
the output of said amplifier through a delay net-
work of appropriate delay constant to the build
back circuit means.

10, Progressive selection means as claimed in
claim 6 wherein the means for eliminating a pulse
from the received pulse train comprises a var-
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jable impedance eleciron discharge tube, and
wherein is provided means for varying the im-
pedance of said tube under the control of said
control unit, means for applying the received
pulses of the input terminals of said tube, and
means for applying the pulses from the output
of said tube to the build back circuit means.
. PRAFULLA KUMAR CHATTERJEA.
LESLIE WILFRED HOUGHTON.
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