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7 Claims,
1

This invention relates to electric signalling
system and its object is to provide improved sig-
nal storage means.

The use of storage registers in automatic
switching systems generally is well known where,
by their use, selection information in one form or
another may be stored and subsequently retrans-
mitted in the same or a different form. Consid-
erable operational advantages result from their
use in the accuracy and flexibility thereby provid-
ed in such signalling systems, and the limitations
which formerly were imposed by the necessity to
employ mechanical relays in registers, with their
attendant disabilities, have  been mitigated by
previous proposals to carry out many of the fune-
tions hitherto performed by relays by means of
gas discharge tubes, with consequential circuit
simplifications and other improvements, includ-
ing improved reliability and longer life.

According to the present invention, there is
provided a signal storage device for .constant
total permutation code signals which comprises
means for registering successive signal codes on
successive rows of gas discharge  tubes syn-
chronously with the receipt of such signal codes.

The invention will be particularly described
with reference to the accompanying drawing
which relates to keyboard selection, but is by no
means limited to such an application.

The use of automatic selection signals set up

in teleprinter code directly on the keyboard by
an operator has considerable technical and op-
erational advantages over dialling or manual se-
lection ' techniques, and a system will be de-
scribed herein whereby registers are called in to
store the selection signals and to set up a po-
tential-marking scheme for subsequent opera-
tion of selector switches.
"~ The equipment to be described with reference
to the accompanying drawing is in the nature of
a model, and is consequently somewhat simplified
compared with that required for a fully equipped
system.

However, the register, which is the equipment
mainly concerned in this description, is much
the same whether the system as a whole is sim-
ple or complex, and the principles involved are
therefore understandable from the workings of
such a simplified model.

In the accompanying drawing:

Fig. 1 shows in block diagrammatic form the
overall circuit arrangements adapted for the
model;

Fig. 2 shows diagrammatically the potential
pattern set up in a storage group for the digit ;

(Cl. 178—2)
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Fig. 3 shows a hard tube time-base circuit for
providing the necessary pulses for controlling the
register; and

Fig. 4 in its several sections, A, B, C, shows a
complete register circuit for a three figure se-
lection code.

In the drawings relays have been designated
by a letter or letters placed over a horizontal line
and having a number thereunder, the number
representing the number of contacts which are
physically controlled by the relay. These con-
tacts are shown distributed over the various fig-
ures in the eircuits which they control, rathev
than in close association with the relays to which
they belong. The contacts are designated by the
letter or letters of the relay to which they belong
followed by a number to differentiate the con-
tacts of the same vrelay. 'This arrangement
avoids a complex wiring diagram and makes the
drawing easier to read and understand.

GENERAI: DESCRIPTION

Referring now- to Fig. 1 of the drawing, the
upper portion, above the dashed line, shows the
simplified trunking arrangements used in the
model.- A teleprinter (T/P1) operator calls in
the exchange equipment by depressing a Call key
which causes a line finder switch (L. F.) to asso-
ciate a connecting circuit with the calling line
in the conventional manner for automatic tele-
phone working.  Normally an allotter switch
(shown in the dashed outline) would be used to
associate the register with the connecting cir-
cuit, but since only two substations are involved
in the model, the allotter has been omitted. A
visual audible “proceed to keysend” signal is re-
turned to the operator who then keys “figures
shift” followed by the called substation number
which consists of three digits.

These digits are electronically registered on
gas tubes in the register circuit and, after the
last digit has been received, a marking group of
five gas tubes examines such storage groups in

* turn. "Five relays in the anode circuits respec-
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tively of these five tubes serve to translate the
intelligence stored in each group into a marking
which is used to set up the selection switches.
In a complete exchange system, one of the known
multipotential marking schemes would be used,
but for this simple case, simple earth marking
has been adopted.

The storage tube arrangement comprises a set
of five “tubes : per digit. which, according to
whether they are normal or fired (triggered),
register respectively a mark or. a space.
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The standard 5-element permutation code ac-
tually comprises seven elements, the character-
istic 5-element code portion being sandwiched
between an initial space and a final mark in all
cases. The common initial and final elements
are not stored, and hence only five tubes per digit
are required to store the intelligence: contained
therein,

The operation of the register, in outline, is as
follows.

The  key-sent- digits are received on the po-
larised relay TR, the first change-over from mark
to space starting the time. base, in.a. manner
somewhat as described in the United States Pat-
ent No. 2,433,362, issued on December 30, 1947,
to G. C. Hartley and W. J. Reyriolds. ThlS t1me
base delivers two outputs of pulses kilown as
“geanning” and “counting” pulses respectively,
each having a basic period of 20 milliseconds and
being displaced from one another by 10. millisec-
onds, the pulse width bemg one-half m1111second

The time base runs for seven cycles and is then
shut off by -the distributor which comprises
principally the bank of gas. tubes numbered 1—1
and the dashed square containing two relay con-
tact- sets. - Counting pulses, the first of which
oceurs 20 m1111seconds after the start drlve the
distributor gas . tube countmg train  in known
manner and in consequence, potentlals corre-
sponding in time to the umts of the received
character are offered from the cathode resist-
ances of distributor tubes to the correspondmg
tube of a storage group. At the same time, scan-
ning pulses, which are admitted through the
“gate” circuit only when relay TR is operated
to space, are added to the distributor potentials
to-trigger the appropriate storage. tubes. Poten-
tials corresponding to the digit “7” are shown in
the diagram of Fig. 2, which is self-explanatory.
Switching between groups as each digit is re-
ceived is by means of relay ‘eontacts, as shown,
but wholly electronic means can be, and have
been, used for th1s purpose -

When the last digit has been rece1ved the
marking gas tubes commence to read ‘off the
stored digits in turn. . This is, ach1eved by con-
necting the control electrodes of the markmg
tubes by means of relay contacts to the anodes
of storage tubes.of each group. in_ sequence. A
fan of contacts on these marking relays connects
an appropriate one of ten markings to.a mark-
ing léad. The first numerical switch SA is then
driven to a similarly marked output. The second
and- third switches are positioned in the. same
way from information stored on the second and
third storage groups respectively. When the con-
nection is complete, the registér is released and
communication may commence.

v DETAILED DESCRIPTION
" The invention will now be described in rather

more detail with reference to the detailéd cir-
cuits of Figs. 3 and 4.

Time base
Referring ‘first to Fig. 3, thxs shovvs a8 hard
valve time base circuit based on well-known
phantastron principles. The form of t1me base
generator used is not an essent1al feature of the
invention, and this circuit may be replaced by

any suitable circuit producing the required-pulse
trains.
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4
element period, which is nominally 20 millisec-
onds in duration. The time base therefore pro-
vides one output of positive pulses, known as the
scanning output, which has a basic period of 20
milliseconds and displaced 10 milliseconds from
the start of the signal. A second similar output
is also available having the same basic frequency
but displaced by 20 milliseconds from the scan-
ning output. This is known as the counting out-

put and is used for switching and counting pur-

poses.
The e¢ircuit is based on two 10 millisecond

- phantastron ~delay circuits . arranged to feed

15

pulses one into the other such that, once started,
the pair is self-running. The arrangement lends
itself to electronic starting and stopping since
5 single pulse applied to the first delay circuit

will start the time base and the suppression of

. a pulse will cause it to stop.
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For satisfactory receptwn, teleprlnter 51gnals

should be examined in the centre of each unit or

75

Tube VI with associated elements comprises
one phantastron delay cireuit and tube V2 with.
associated elements comprises the ‘second. The
circuits are normally quiescent with both Valves
taking screen current. I a negatlve starting
pulse is applied to termmal T4, the anode. of
V1 is driven 1nstantaneously negatrve through the
dicdes V8 and V4 and the characterlstm reduc-
tion of anode volts observed in the phantastron
takes place. After 10 milliseconds a negative
pulse derived from the screen of Vi is applied to
the anode of V2 through the diode V5. The sec-
ond delay circuit is thus brought into operatlon
and, after a further 10 ‘milliseconds delay, a pulse
is again applied to the anode of Vi through V6
and the cycle is repeated. In order to ‘stop the
time base, a positive potential is applied to térmi-
nal TT5.  This so bissses the diode V§ $0 that
the next screen pulse from V2 is prévented from
triggering Vi once again and the time base comes
to rest. Two double triodes (Viand v8) arée used
in thelr separate sections for pulse Shaping and
for giving low impedatice cathode follower cut-
puts for the two sets of pulses respectivély in
known manner Means are also prov1ded via
TT3 for suppressmg scanning pulses by an ‘earth
from the line condltron 1f requued Terminal
TT3 is connected to the recelving relay contact
and is normally mamtamed at a high positive
potent1al S0 that dlode V9 4s non- “gonducting and
pulses pass forward from ‘the shaper section an-
ode of VT via condense1 ¢ to the grid 'of 'the
cathode follower ‘section. If an earth pOuentral
is ‘applied by the ¢ontact to TT3, however any
pulse is short 01rcu1ted and no' output is'developed
across the cathode res1stance

Pine adjistments to time-base speed ‘can’ be
made by means of var1able res1stance RI. The
pos1t10n in time of ofie pulse Wwith respect to the
other may be adjusted by. means ‘of ‘the ganged
variable resistors RZ ‘and R3.

The pulse width is about ¥ m1111second Thls
gives sufficient . time for the operatmn of gds
tubes and represents the umnit scannmg tlme
Greater distortion can thus be allowed on m-
coming signals than in the mechamcal case
where the scanning time is normally a few milli-
seconds.

Szgnal storage ‘cireuit

The s1gnal storage clrcu1t compr1ses Figs. 4A
and 4B intended to be placed one ‘above ‘the
other, in that order..
1t is necessary for the Tegister to gua; d agait
false signals which “might “oceur, for instance, if
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a conhection were broken down during the trans="

mission -of a message or:through-faulty . opera-
tion at the teleprinter substation. A wrong con-
nection would be:set up involving waste of line
time: and of operator’s time.:. The register is
therefore designed to receive numerical informa-
tion only when it is preceded by a “figures shift”
character. .

~In the general description given above, the
precautionary use of “figsures shift” was not re-
ferred to, and Fig. 1 does not show the “figures
shift check circuit.” However, Fig. 4A includes
such a circuit, the functioning. of which will now
be: described.

*‘Fig. 4A shows the relevant part of the register

circuit. Polarised relay TR'is connected to the
substation . teleprinter. through- the . allotter,
when - provided, connecting circuit, line. finder
switch and cubscriber’s line. “Proceed. to key-
send” signal ‘is sent. back from. the connecting
circuit and the operator. then keysends “fisures
shift” followed by three digits.
sumed for the purpcse of description. that these
digits are 719.

The unit distributor counting train is a scale

of seven counter consisting of gas . tubes
TDAI—T. The character distributor counting
train is a scale-of-four counter consisting of
tubes TDBI—4, extending vertically downwards
into Fig. 4B.

Before seizure, the first tubes in each. count-
ing train TDAI and TDBI are triggered over
contacts B3 and B2 respectively of a relay B
(not shown),
manner on seizure of the register. All other
tubes are normal. The operation of B relay on
seizure removes the triggering potential at B2
and B3, and frees the distributor trains. When
a character is received, the first:changeover to
“space” of relay TR at TRI:discharges to earth
the condenser Cif in the TT4 start lead and
thereby creates a negative pulse to.start the
time base, Fig. 3, in the manner previously de-
scribed. Counting pulses received over lead TTI
drive the unit distributor train from TDAI to
TDAT in well-known manner, each tube as it
fires sending g pulse out, priming the next tube
and extending the previous tube, as described,
for example, in TUnited States Patent No.
2,421,005, issued on May 27, 1947 to F. H. Bray
and L. R. Brown and a positive gating potential
is applied from the cathode of TDAT via TT5H
stop lead to stop the time base. The final pulse
triggers tube TDAI and restores the train to
normal. The cathodes of tubes TDA2—6 are
connected to other tubes via voltage limiting
rectifiers for priming functions.

The first character to be received should be
“figures shift” which is S.MMSMM.M. Tubes
TGD and TFG are used to check the reception
of this character. Priming potentials are ap-
plied from the cathodes of tubes TDA2, 3, 5 and
6 to tube TGD via the coupling rectifiers
MR3—MRS. The timing of these potentials cor-
responds to the timing of the second, third, fifth
and sixth mark units. At the same time, scan-
ning pulses are applied over the lead from ter-
minal TT2 (Fig. 4B) to the first character dis-
tributor R1—R3, and condenser C2. This gate
circuit allows a pulse to pass to the trigger elec-
trodes of TFG and TGD only when the control-
ling tube TDBI is conducting and MRI is a high
resistance.

‘When tube TDBI is conducting the cathode
end of R3, which is a high resistance, is at high

Let it be as-.
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positive potential, thus biasing MR strongly
positive on its positive side  and causing it to-
present a high resistance to. positive pulses on
its negative side. The pulses are therefore gated
off to the right, to tubes TFG and TGD.

Conversely, when TDBI is normal, the positive
potential on MRI is very low, or earthy, and
bositive scanning pulses are easily shunted away
to.earth via MR instead of going in ‘the other
direction. .

Tube TGD will trigger only when & priming
potential and a scanning pulse are applied at the
same time. Since scanning pulses are normally
suppressed by contact TRI in the mark condition
via lead TTS3, as explained in the description of
the time base circuit, it follows that if there is a
space (where there should be a mark) among the
second, third, fifth or sixth units, tube TGD-will
trigger and operate guard relay GD to disconnect
the circuit for relay. FG. : For similar reasons
tube TFG will trigger only if the centre unit is a
space and relay GD has not already operated.
The operation of relay FG can only be
maintained by the “figures shift” charscter.  All
the other characters except “letters shift”
(SMMMMM.M)  will eventually operate  the
guard relay GD and so disable relay FG and the
operator must clear down and recall the exchange
to set up.a connection. - “Letters shift” does not
fire. tube TGD, but, on the other hand, neither
does it fire tube TFG and thé register must. still
await a figures shift signal before storage can
proceed.

If the first. character has been satisfactorily
checked by the operation of PG relay, contact
FGI, Fig. 4B, removes a short circuit from the
priming lead of the character counter and a
counting pulse applied via TTI and gated by the
last unit distributor tube TDAT when in the
triggered condition, triggers tube TDB2. Fur-
ther scanning pulses will thus be switched to
the first storage group of tubes TSA1—5 through
the gate circuit comprising MR2 and associated
components, :

The second character, which is the first nu-
merical digit, starts the time base in the same
way and the unit counter runs as before. Prim-
ing potentials are applied in turn to each storage
tube corresponding in time to the second, third,
fourth, fifth and sixth signal units. If the con-
tact of TR relay is at mark during priming the
tube remains normal. If the contact is at space,
a scanning pulse is admitted and the primed tube
triggers. For digit seven (S.MMMSS.M) the
tubes TSAI, 2 and 3 remain normal and TSA4
and 5 trigger. As before, a counting pulse is
switched to the character counter at the end of
each cycle of the unit counter. - Thus tube TDR3
is triggered and the second storage group is
prepared for the second digit.. This is stored in
a similar way on tubes TSBI—5.. The third digit
is stored on tubes TSCi—5.

Finally tube TCD triggers having been primed
by tube TDB4 to operate relay CD. Contact
CDI disconnects further scanning pulses and
contact CD2 disconnects relay TR. The selec-
tion information is now stored on the storage
group of tubes and the register is ready to set
up the connection.

Marking circuit

Fig. 4C which is intended to be placed to the
right of Fig. 4B shows the relevant parts of the
marking circuit: = Contact CD4 operates the first

75 selection digit relay RA which connects the con=
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#rol-electrodes of the five marking tubes TMA{—§
40.the anodes.of the first group of storage tubes
“TSAI—5, If g storage tube is normal the poten-
‘tial on ‘the anode is the full supply volts and if
‘the tube is conducting the potential is the sus-
‘taining potential for the tube. These potentials,
suitably divided by two resistances associated
with each marking tube, respectively trigger or
leave normal s marking tube. In this way the
«code stored on the first storage group is
‘transferred to the marking tubes although in a
complementary pattern, e. g. in the case of digit

seven, storage tubes TSAI, 2 and 3 were normal.

and TSA4 and 5§ triggered. On. transfer the.
marking tubes TMAI, 2 and 8 conduct, and TMA4
and 5 remain normal.  Five relays ON, TW, TH,
PO, and Fl, one in the anode of each tube, op-
erate in the same combination. A fan of con-
tacts of these relays connects one of ten dis=
crete marking potentials to a marking lead which
is, in ‘turn, connected by the allotter switch to
the connecting circuit. The closure of CD3 starts
the first selector switeh hunting for a similar
marking potential on the switch bank as is com-
‘mon in potential marking systems.

When the first switch has been positioned, relay
RA is released and relay RB is operated to. en-
able the marking tubes to examine and translate
into a potential marking the code on the second
storage group of tubes TSBiI—5. The transfer
from RA to RBandithe de-ionisation of the tubes
TMAI—5 is effected by relay switching in-a con-
ventional manner not really relevant to the fune-
tioning of the register and marker as such. The
second ‘selector switch is positioned through the
medium of the marking lead in the same way as
the first. Relay RB s then released and relay
RC is operated and the third storage group. is ex-
amined. The third switch is positioned and the
connection established. At this stage, the regis-
ter would normally be released and the allotter
switch would be free to find another connecting
circuit for the purpose of setting up another call.

In any practical circuit, the functions of the
mechanical relays shown could in many or all
cases be replaced by gas tube relays; ‘this applies.
particularly to the RA, RB and RC relays.

The extremely simple gate circuits provided
and the “figures shift” check circuit offer con-
siderable advantages and safeguards over earlier
circuits.

Also the use of ‘a short scanning pulse -of the
order of one-half millisecond increases ‘the- dis-
tortion margin which can be aliowed on incoming
signals to extremely high values. In the case
of the mode! described the theoretical distortion
that can be allowed on the TR contact is-48.75%,
a, figure perhaps impossible to achieve in-a prac-
tical mechanicdl system, while the speed varia-
tion in the hard tube time base is-less than-0.5%
for a wide range of operating voltages, and it is
anticipated that a much better figure than this
may be achieved in future designs. )

While the principles of the invention have bheen
described above in connection with specific em-
bodiments, and particular modifications thereof;,
it is to be clearly understood that this deseription
is made only by way of example and not ‘as a
limitation on the scope of the invention.

What is claimed is:

1. A signal storage device for constant total
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“character code™ heing defined -as one code af= -
rangement of signals in the constant total per- .
mutation code and indicative of that “charagcter,”

e. g. MMMSS for the character “7” in a 5-unit
code), a row of character code distributor tubes
arranged to. distribute the received character
codes in order among the said rows of register
tubes, means for rendering the register tubes in
a. row synchronously responsive to pulses repre-
sentative of the character code being  re-
ceived, ‘thereby to fire or to maintain unfired
such tubes according to the nature of such
code, means coupled between said bank eof
character code register tubes and the first of
said character code  distributor tubes respon-
sive only to a particular and predetermined
character code of dissimilar elements, thereby to

‘allow or prevent the registration of succeeding

character codes according to the first character
code actually received, and means o change, &t
the end of the storage of each character code &s,
it is received, the c¢ondition of the next tube in
the row of character code distributor tubes,:
thereby to direct the pulses representative of the.
next received character code into the next regis-
ter row.

2. A signal storage device as claimed in claim
1 and in which the said first-named means com-
prises a time-base generator for generating in-
terlaced. trains of equally spaced pulses, each
train thereof having a spacing equal to. that of
the nominal spacing of the character codes to
be stored, and the first train thereof being ini-.

- tiated under the control of the first element of
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permutation code signals which comprises'a bank .

of gas discharge tubes:arranged in rows of char-
acter:code register tubes each such row being re-
sponsive to one- character code to be -stored (a

%

2 recsived signal comprising at least a start ele-
ment and a. character code, whereby each tube
in a register row may be primed in turn syn-
chronously with the elements of a received char-
acter code by means of the first, or “counting™
train of pulses .in preparation for the reception
of pulses from the second, or “scanning” train
of pulses transmitted to such register row, or sup-=
pressed, in accordance with the elements of the
character code being received.

3. A signal storage device as-claimed in claim
1 and comprising a train of counting tubes adapt-
ed to be fired and quenched in turn by the said

first train of pulses, thereby to provide pulses -

forpriming the tubes in the said register rows and
the said character row in due order. '

4. A 'signal storage device as claimed in claim
3 in which said tube condition changing means
comprises the priming pulse generated in the last
tube of the said train of counting tubes by each
discrete train of counting ‘pulses.

5. A signal storage device for constant total
permutation code signals comprising a bank of
gas discharge tubes arranged in rows of char-
acter code register tubes, each row being respon-
sive to one eharacter code to be stored, a row of
character code-distributor tubes arranged to-dis-
tribute the received character codes in order
among the said rows of register tubes, means. for
rendering the register tubes in a row synchro-
nously responsive -to pulses representative:of :the
character code being received, thereby to fire
or to maintain unfired such tubes according to
the nature of such codes, a pair of gas discharge
tubes, -each coupled to a different one of said
character code register tubes and the first of
said character: code distributor tubes, each of the
tubes of-said pair-adapted to be primed from 'its
associated character code register tube, eontrol
means associated in the discharge path of the
first of said pair-of tubes, said control means
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adapted to control operation of the second of said
pair of tubes, whereby operation of said first
character code distributor tube is under joint
control of said pair of tubes and the distribution
of succeeding character codes by said charac-
ter code distributor tubes is dependent upon re-
ceipt of said character code register tube of 2
predetermined character code of dissimilar ele-
ments, and means to change, at the end of the
storage of each character code as it is received,
the condition of the next tube in the row of char-
acter code distributor tubes, thereby to direct the
pulses representative of the next received -char-
acter code into the next register row.

6. A signal storage device for constant total
permutation code signals as claimed in claim 5,
further comprising a gate circuit coupled be-
tween said pair of tubes and the first of said
character code distributor tubes, said gate cir-
cuit comprising a rectifier biased by a potential
derived from a current flow in the first of said
character code distributor tubes, whereby a high
resistance is presented to the first of said pair of
tubes and rendering effective pulses applied to
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the first of said pair of tubes to fire same in ac-
cordance with the predetermined character code.

7. A signal storage device for constant total
permutation code signals as claimed in claim 5,
further comprising a plurality of gate circuits,
each of said gate circuits comprising a poled
rectifier, one associated with each of said char-
acter code register tubes, selected of said gate cir-
cuits coupled to the first of said pair of tubes,
another of said gate circuits coupled between
another of said character code register tubes and
the second of said pair of tubes.

DESMOND SYDNEY RIDLER.
"LESLIE RONALD BROWN.
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