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CATHODE-RAY TRANSLATING SYSTEM FOR.
PERMUTATION €ODES

Wilton T. Rea, Manhasset, N. Y., assignor to Bell
. Telephone Laboratories, Incorporated, New
York, N. Y., a corporation pf New York

- Original application August 29, 1944, Serial No.

2,654,878

UNITED STATES PATENT OFFICE

351,674, new Patent No. 2,458,030, dated Jan-

uary 4, 1949.

Divided and this application

December 4, 1948, Serial No. 63,597
(ClL. 346—165)

16 Claims.

This: invention relates to signaling apparatus
and systems and more particularly to circuit
selecting or decoding arrangements used in such
systems.

granted January 4, 1949.

the system.

coded message is to be interpreted.

the code discriminating: circuit.

the ciremit by the code unit circuits.

2
potential established at the output términal by
& code combination may be used.
Further objeets and features of the invention
will appear from the following detailed descrip-

This application is & division of copending ap- ‘8 tion of specific embodiments of the invention.
plication Serial No. 551,674, filed August 29, 1944, In the following description reference will be
by W. T. Rea, which has issued as Patent 2,458,030 ‘made to the drawings in which:

‘ Fig. 1 shows a telegraph signal receiving system

I is an object. of the invention to provide a adapted for operation on a seven unit Start-Stop
circuit selecting or deeoding arrangement in 10 tetegraph code for setting up the five selecting
which the various code permutations are repre- code units on five output conductors respectively;
sented by distinet potential differences of suffi~ Pig. 2 shows a ‘decoding circuit having five in-
eient magnitude to insure accurate discrimina- put- conductors adapted for connection to the
tion in any one of the discriminating circuits in __ output conductors of Fig. 1 and arranged for

15 transiation of a telegraph message into symbols

It is a. more specific object to provide a type of made visible by means of a cathode ray tube;
eircuit: selecting system which may be effectively Fig. 3 shows diagrammatically a field of letters,
used in code signaling systems such as the mes- numerals and signs which may be arranged on
sage circuits in telegraph systems in which the the reading surface of the cathode ray tube in

20 pig. 2 for visible display of the symbols of a

In aecordance with the: invention the system message;
includes a circuit selecting arrangement the main PFig. ¢4 is a diagram of operations for the system
features of which are a code unit eircuit for each shown in Fig. 1;
unit of the code adapted to respond to the alter- Pig. 5 is a fragmentary perspective view of the
nate characteristics of "its “assigned code unit, 25 eathode ray tube showing an alternative arrange-
and code disecriminating .circuits for the com- ment of the reading surface with electrodes in-
binations of the code or for the circuits to be stead of symbols.
selected or for the symbols which it is desired The receiving circuit shown in Fig. 1 includes
to translate from the code. Each code unit eir- a receiving relay 20 having an upper winding
cuit has two output conductors one of which has 30 eonnected to an incoming eircuit L for receiving
a high potential and the other s comparatively marking and spacing pulses. It will be assumed
low petential, under marking condition, these that the marking condition is established by cur-
potentials being interchanged between the two rent in the-cireuit I. and the spacing condition
conductors under spacing condition. Fach code by. no current therein. The relay has a lower
discriminating eircuit includes a potential grad- 85 biasing winding continuously energized. to hold
ient network with a plurality of branches con- the relay armature against the spacing contact
nected. to: the output conductors from the code when the upper winding is currentless. A mark-~
unit cireuits in accordance with the code require- ing current in the upper winding will be strong
ments for the particular symbol represented by enough- to overcome the biasing winding and

The arrange- 40 operate the relay to marking. The relay (20 has
ment of the potential gradient circuit is such a marking and a spacing contact connected to
that an intermediate control potential is estak. plus and minus potentials, respectively, for ap-
lished at an output terminal ‘thereof which will plication to the circuit.
have different distinct values in accordance with The system includes a grounded source of direct
the. different code combinations impressed upon 45 current 110 which applied 4130 volts to parts

By this of the system, and another grounded source of
arrangement it is possible to select'a particular potential 111 applying a potential of —48 volts
potential for any code combination to which the to other parts of the system. For the sake of sim-
code diseriminating circuit should respond for plicity, all eonductors shown in Figs. 1 and 2
selection or translation by impressing the poten- 56 which are directly connected to the source 110 are
tials at the output terminal upon a sensitive dis- terminated in a () symbol indicating that they
criminating device which is made selectively re- are to be interconnected directly and all con-
sponsive thereto. For individual selection, as for ductors eonnected directly to the source (1 are
the setection of a single symbol out of a plurality s terminated in a ¢—) symbol indicating that they

1

of symbols, either the maximum or the minimum

are-to be:directly intereonnected.
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The circuit in Pig. 1 includes an oscillatory
circuit 132 and a vacuum tube 149 associated
therewith for feedback to produce sustained os-
cillations. Other vacuum tubes 150, (68 and
179 are provided to apply impulses to other parts
of the circuit in synchronism with the oscilla-
tions. These vacuum tubes, and other vacuum
tubes used in the system and referred to here-
inafter, may be of conventional type, each in-
cluding the heated cathode or filament, the con-
trol element or grid and the anode or plate,
mounted in a highly evacuated container or tube.
With a substantially constant potential applied
between the plate and the cathode, the current
in the cathode-anode circuit. is controlled by
the potential difference between cathode and
grid, becoming less as the grid becomes less posi-
tive or more negative with respect to the cathode.
Thus for any particular tube there will be &

certain critical grid potential at which the plate ¢

current is so small that for the purposes of the
system the tube may be considered extinguished
or non-conducting; at grid potentials above the
eritical value the tube may be considered fired
or conducting.

The circuit further comprises an electronic
distributor including a series of distributor gas-
filled tubes DG, one of these tubes being as-
sociated with the Start pulse and another with
the Stop pulse and the five intervening tubes
DG being associated with the five significant or
selecting pulses I, II, ITI, IV and V, respectively.
The latter five tubes DG are each associated
with a storing gas tube SG and a transfer gas
tube TG. The gas~filled tubes DG, SG and TG,
and other gas-filled tubes used in the system
and referred to hereinafter, may be of conven-
tional type, each including a narrow control gap
between the cathode and the control anode and
also including a main gap between the cathode
and the main anode or plate. These elements
are included in a sealed-vessel or tube containing
a suitable inert gas at low pressure. - A compara-
tively high firing potential is required to break
down the contro]l gap for firing of the tube, and
with a comparatively low sustaining potential
applied to the main gap the discharge will auto-
matically switch to the main gap. In order to
extinguish the tube the firing potential and the

potential across the main gap must be reduced !

below their sustaining values. From each of
the transfer tubes TG an output conductor 100
is provided for impressing the stored combina-
tion upon other circuits. A relay 190 is arranged
for operation during the Stop pulse and serves
to control the transfer of the stored combina-
tions into the ecircuit in Fig. 2 during the Stop
pulse.

The circuit in Fig. 1 is shown in normal stop
condition with relay 120 in marking position and
relay 190 in spacing position.

The oscillatory circuit 130 and its associated
feedback tube {48 and output tube 150 are par-
ticularly arranged for operation on a start-stop
basis and for the production of short impulses
evenly and accurately spaced apart in synchro-
nism with the standard frequency of the tele-
graph signals received over the circuit L. - Such
a Start-Stop pulse producing circuit, substan~
tially identical with that shown in Fig. 1 is dis-
closed in Patent 2,370,685 granted March 6, 1945,
to W. T. Rea and J. R. Wilkerson.

The circuit 130 includes an inductance 13!
divided into two closely coupled halves and a
condenser 132. A potentiometer 133 is bridged
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across the left half of the inductance to apply
oscillatory potential to the control grid of the
vacuum tube {40; the cathode-anode circuit of
tube 140 is connected across the right-hand of
inductance 131 through plus battery and ground
for energy feedback during each oscillation.
The oscillatory circuit 130 is normally held
cocked against oscillation by the application of
plus potential over marking contact of relay
120, conductors 12{ and {24, gas tube 180 and
conductor 135 connected to the output terminal
T of the oscillatory circuit; the gas tube 180 is
normally in conducting condition. The circuit
is so adjusted that under this condition a cur-
rent flows through inductance 131 of the same
magnitude as the maximum current flowing dur-
ing oscillations.

Upon receipt of a Start pulse, which is a
spacing pulse, relay 120 operates to spacing and
opens the cocking circuit, just traced, thereby
removing the pulse potential from the terminal
T. The stored energy in inductance 131 now
transfers to condenser {32 and a first cycle will
be produced without any superimposed transients
and the system continues to produce identical
cycles until the arrival of the next Stop pulse
when it will again be cocked over the marking
contact of relay 120, the cocking circuit in the
meantime having bheen kept open by the tube
180, as will be described hereinafter.

The oscillations are impressed upon the con-
trol grid of the output tube 150 which for cer-
tain values of the varying voltage applied to the
grid becomes conducting and non-conducting,
at each change producing a short impulse in
the secondary winding of the transformer 152,
which impulses are impressed upon the dis-
tributor circuit over conductor 153.

The oscillations are also impressed upon: the
grid of tube 160 which similarly becomes con-
ducting and non-conducting at predetermined
values of the oscillating potential. When the
tube 180 is non-conducting the condenser 154
is charged from minus over resistances 165, 163
and to plus potential on the potentiometer. 162.
The moment the tube 160 becomes conducting
the condenser 164 temporarily impresses a nega-
tive potential on the grid of the normally con-
ducting tube 170 which thereby is temporarily
extinguished. This shift of the condenser volt-
age is caused by the drop in potential over re-
sistance 163 due to the rising plate current in
tube 160; as condenser 164 discharges to the
reduced potential the grid potential in tube 1710

} 1is restored to its former value and the tube again

becomes conducting. When tube 160 is ex-
tinguished at a later instant of the cycle of
oscillations, the drop over resistance 163 dis-
appears and the condenser voltage is shifted to-
ward plus, thereby making the grid of tube 170
more positive and temporarily increasing the
plate current, without significant effect until the
condenser resumes its new charge. Each timeé
the tube {70 is rendered conducting or non-
conducting an impulse is produced in the sec-
ondary of transformer 172 which is applied to
the control anodes of storing gas tubes SG over
a circuit from marking or spacing contact of
relay 120, conductors (21 and 122, secondary
winding of transformer 172 and conductor 123;
the impulses from transformer {72 thus are
superimposed upon the plus or minus potentials
applied by relay 120 to the storing tubes.

In the following description of the operation
of the different parts of the system shown in Fig.
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1, reference will also: be made to the diagram
of operations shown in Fig, 4.

This diagram includes a set of horizontally dis-
posed. curves A to M representing corresponding
functions occurring at differenft points of the
system: during the reception of 4 series of pulses
of an incoming code signal.. The code signal com-
prises the Start transition, the selecting or char-
acter transitions I, II, III, IV, V and the Stop
transition and the arrival times of these transi-
tions are indicated by correspondingly identified
vertical lines extending across all of the curves,
transitions III and IV having been omitted for
simplification. The transition lines indicate the
standard arrival times for the system in accurate
relation to the arrival time of the Start impulse
of the received signal and thus do not indicate
bias or other distortion.

The curves. C to M are not intended to show
accurdtely the details of variations in currents
or voltages, but merely serve to indicate the in-
stants at which changes take place and the gen-
eral riature of the changes.

Curve A shows the pulses of the signal incom-
ing to relay #29. Thus nermally a marking con-
dition is received until the Start pulse operates
thie relay to spacing and thereby establishes the
reference instant for the suceeeding operations.
The ecode will, for the sake of example, be as-
sumed to be as follows: the Start pulse; selecting
pulse I, whieh is marking and is delayed; pulses
II and IIT, which are marking; pulses IV and V,
which are spacing; and the Stop pulse which is
assumed to arrive early. The relay 120 thus will

operate from spacing to marking at the times 404

and 403 marked on the curve A.

Curve B shows the oscillating voltage at the
terminal T of oscillator 130. During rest condi-
tion the potential at T will be slightly positive
due to the resistance drop in inductance 13}.
Upon arrival of the Start transition the oscilla-
tor produces a series of seven substantially pure
harmonic voltage. oscillations, each odd half
cycle being negative and each even half cycle
being. positive. The duration of each cycle equals
the standard pulse period.

Curves C, H and J show the varigtion in plate
current in tubes #50, 160 and 118, respectively, as
controlled by the oscillations, and curves D and
K show the corresponding voltage impulses pro-
duced in the secondary windings of transformers
152 and {72, respectively. The critieal grid po-
tential for tube (50 is shown in eonnection with
eurve B by the dot-dash line “#50-eritical,” being
more positive than the normal pulse potential at
point T before the Start, so that the tube is nor-
mally nenconducting. At the time 411 during
the positive half cyele and near the eenter of the
Start pulse tube 150 becomes conducting, and at
the time 412 near the end of the eycle the tube
again becomes currentless. The- critical poten~
tial may be changed by adjusting potentiometer
i8f. The critical grid potential of tube 160 is
similarly shown with eurve B by dot-dash line
“{60-critical” and thus the tube, being normally
currentless, becomes conducting -at the time 413
and eurrentless at time 444 during the positive
half eycle. The variations in grid potential for
tube 170 relative to the- critical potential are
shown in curve I.

For the purpose of orientation during opera-
tion the instants at which the tube 160 becomes
non-conducting may be phased relative to the
standard transition instants established by the
oscillators circuit- 130 by means of the potenti-
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ometers: (81 and (82, the adjustable contacts of
which may be ganged together for simulfaneous
adjustment, so that the: cathode-anode potential
may be kept constant, once adjusted, while it is
shifted . relative to the grid potential. Accord-
ingly, the potential line “l80-critical” may be
shifted above or below the zero line for curve B,
with the object of securing the best operation for
any general bias or other distortion of the sig-
nals:

The operations referred to above as taking place
at the instants 411, 412, 413 and 414 during the
first cycle of oscillations will, of course, be re-
peated at corresponding instants during each
succeeding cycle.

Curve B shows the times of eurrent flow in or
firing of each of the distributor gas tubes DG.
The: tube DG-Start is normally fired.

Curve F* shows the operation of transfer relay
190 to marking during the Stop pulse.

Curve &G shows the firing of the Stop gas tube
188 at the end of .the signal.

Curves L: and M relate to the functions of the
storing gas tubes SG and, far the sake of clear-

- ness, these curves show the variations in con-

trol potential and the firing times, respectively,
for only the tube SG-I, which stores the select-
ing pulse I.

The eperations of the impulse producing circuit
will new be briefly traced.

Upon operation of the reeeiving relay 120 to
spaeing at the Start transition the Stop tube 180
is extinguished and the oscillator 130 enters its
first negative half cycle. No change takes place
in the impulse producing circuit until the time
414 during the positive half cycle when tube 150
becomes conducting, The rise in plate current
produces a short negative pulse in the secondary
winding of transformer 152 which has no effect.

At instant 413 tube 160 becomes conducting,

thereby temporarily shifting the grid potential

for amplifying tube 170 through condenser (64

‘and momentarily rendering tube {70 nonconduct-

ing. This causes the transformer 172 to produce
a. short strong positive impulse, followed by a
short weak negative impulse in its secondary
The positive impulses produced by
transformer 112 in this manner are used for the

~seleetive control of the storing gas tubes SG, as

will be described hereinafter; since no tube SG
is assigned to the Start pulse the impulse pro-
duced during the Start pulse will have no effect.
Any negative impulse produced by transformer
172 will have no effect.

At instant 414 the tube {60 again becomes non-
conducting, thereby temporarily making the grid
potential of tube (T0 more positive, through con-
denser 164. The tube {710 is operated on a por-
tion of its characteristic near saturation so that

an increase in grid potential will result in a com-

paratively small increase in plate current. The

resultant negative and positive impulses produced
at this time in the secondary winding of trans-

former §12 therefore will have no-effeet.

At the time 412 the tube 150 is rendered non-
conducting thereby producing a positive impulse
in- the secondary winding of transformer {52
which is utilized for control of the gas tube dis-
tributor, as will be described hereinafter.

The operations just described will be repeated
during subsequent cycles and under the control
of the oscillator, these operations bheing inde-

pendent of the inecoming pulses and the opera-

tions of relay [20. Seven complete similar cycles
will be produced in.this manner, and exactly at
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the end of the seventh cycle, which oecurs dur-
ing the Stop pulse, the oscillator is cocked by
the refiring of Stop tube 180, as will be described
later, and the impulse producing circuit is re-
stored to its normal or waiting condition.

It will thus be seen that an effective impulse
is produced by transformer (52 at each standard
transition instant for advancement of the dis-
tributor circuit, and that other effective impulses
are produced by transformer 1712 at orientable in-
stants near the middle of the standard selecting
pulse periods for control of the storing circuit.

The electronic distributor circuit, as already
stated and as shown in Fig. 1, includes seven gas
tubes DG. Each tube has associated therewith
a resistance R1 and condenser Ci connected to
the control anode and a resistance R2 and con-
denser C2 connected from minus to the cathode;
the main electrode is connected over the common
resistance {85 to plus. The resistance Ri con-
nects the control anode with the cathode of the
preceding tube and the condenser C{ connects
the control anode to the impulse conductor 163
from transformer §52.

Still assuming that the system is in stop con-
diticn, all the distributor gas tubes DG are non-
conducting except the tube DG-Start.

Considering any one of the currentless tubes,
such as DG-I full minus potential is applied over
resistance R2 to the cathode and plus potential is
applied over common resistance {85 to the main
anode; condenser C2 is discharged over resistance
R2. Full minus potential is applied over resist-
ances Rd and Ri in series to the control anode;
condenser C! is charged from minus over re-
sistances RZ and RI and the secondary of trans-
former $52 to ground. Thus the main gap has
ample sustaining potential, whereas the control
gap has direct minus potential on both sides.

Considering now -the current condition in the
tube DG-Start, electron current flows from minus
over resistance R2. The cathode and main anode,
primary winding of transformer (82, common
resistance 185 to plus; the potential drops in re-
sistances R2 and (85 reduce the voltage across
the main gap to near the sustaining value. Con-
denser C2 is charged across resistance R2. A
biasing plus potential is thus applied to the con-
trol anode of tube DG-1 through resistance Ri-I.
The condenser Ci-I was previously discharged
froin its minus potential and has been subse-
quently recharged from the biasing plus poten-
tial and through the secondary of transformer
{52 to ground. The circuit remains in this con-
cGition until the arrival of the Start pulse.

Upon the arrival of a Start pulse relay 126
operates to its spacing contact, thereby applying
negative potential to the conductors §22 and (24.
The tube {89 is extinguished and the oscillator
circuit 130 is uncocked so that the first cycle of
oscillations will operate the tubes (50, {68 and
172 as described above.

The first short plus impulse from transformer
162 is applied to all the condensers Cl. This plus
potential thus is momentarily added to the bias~
ing plus potential already present on the control
anode of the tube DG-I, the total potential be-
ing sufficient to fire the control gap, thereby firing
the main gap; the plus impulse is deducted from
the minus potential on all the other condensers
Cl without effect. :

The firing potential established at the control
anode of DG-I by the short impulse is also ap-
plied back over resistance Ri-I to the cathode
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of DG-Start, thereby reducing the potential 75

8

-across the main gap of this tube below the sus-

taining value and extinguishing the tube; at this

-time the firing potential is also applied to con-

denser C2-Start which temporarily charges and
thereafter discharges over resistance R2, thereby
delaying the restoration of full minus potential
to the control anode of tube DG-I, and thus
insuring the firing of the main gap in DG-I.
‘When DG-I is fired the drop caused thereby in
common resistance {85 aids in reducing the po-
tential across the main gap in DG-Start, thus
further insuring the return to non-fired condi-
tion of the DG-Start. With DG-I fired the drop
in resistance R2-I applies a plus biasing poten-
tial to the control anode of tube DG-II for firing
of the control gap only in this tube when the next
impulse is applied.

It may be noted here that the varister 181 and
condenser (83 connected across the primary
winding of transformer (82 are provided to re-
duce the rate of change of current in that wind-
ing when the main gap in tube DG-Sfart is ex-
tinguished, the purpose being to prevent the im-
pulse in the secondary winding from firing the
control gap of the Stop tube 188 and react upon
the oscillatory circuit at this time. However,
due to the unilateral characteristics of the
varister 181, the suddenly rising current at the
time of firing the main gap of DG-Start during
the Stop pulse will be forced through the trans-
former, inducing a potential in the secondary
winding high enough to fire tube {85 and cock
the oscillator.

In the manner described above, the next short
impulse from transformer 152 will fire tube DG-IT
and extinguish the tube DG-I, and subsequent
impulses from transformer 152 will successively
fire the tubes DG-III, IV, V and DG-Stop, in
each case extinguishing the preceding tube, so
that at any time only one tube will be fired and
during the time of a complete character code of
seven pulses one tube will be fired at any time.
The tubes DG will be fired at exactly equal in-
tervals as determined by the short impulses from

‘transformer 152 and the phase relation of the

firing relative to the arrival over the circuit L
of the front of the Start pulse may be deter-
mined by adjustment of the potentiometer [51.
The firing in succession of the DG tubes is indi-
cated by curve E in Pig. 4.

The circuit through the main gap of tube
DG-Stop may be traced from minus, over re-
sistance R2-Stop, main gap, left winding of relay
190, resistance 185 to plus. Relay 190 is ‘nor-
mally operated to its spacing contact by the
right-hand biasing winding, and when tube
DG-Stop is fired operates to marking, thereby
removing minus potential from conductor 192
and applying it to conductor 191 for control of
the storing and transfer tubes, as will be de-
scribed hereinafter. While tube DG-Stop is
fired it causes the biasing potential to be ap-
plied over conductor 154 and resistance RI-Start
to the control anode of tube DG-Start. At the
end of the seventh cycle the tube DG-Stop is
extinguished and relay {98 is restored to spacing.
The timing of these relay operations is indicated
by curve F'in Fig. 4.

As referred to above, the firing of the tube
DG-Start at the end of the seventh cycle causes
an impulse to be produced in the secondary wind-
ing of the transformer {82 which fires the control
gap of Stop tube 180, thereby firing the main
gap of this tube and cocking the oscillator 130,
The impulse producing circuit and the distributor
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circuit thus will be restored to normal at the
end of the seventh cycle and in tlme for the
arrival of the next Start pulse.

The receiving circuit shown in Fig. 1 further
ineludes five sets of storing gas tubes SG and
transfer gas tubes ‘TG, each adapted 1o store the
corresponding selecting .pulse and fransfer. it to
the output conductor 100 for use as will be de-
scribed hereinafter. These ‘tibes are normally
in :non-conducting condition.

As shown in Fig. 1, the cathode of each storing
tube SG is conneécted to .a potentiometer circuit
from negative potentiometer 188, over resistances
R3, R4, RS fo plus. :The control anode of each
tube SG is connected to a .control potentiometer
circuit from minus, over resistances R2, RS, RT,
conductor 123, secondary winding of .transforinet
112, conductor 122 .and contacts of relay 120 to
plus or minus. The.potential across the control
gap of each tube .SG thus depends ori the con-
ditions in the control potentmmeter circult traced
above.

In the following «description. single: values will
be assumed for the .various potentials involved;
these figures are .given for.the sake of illustra-
tion of the general principles invélved, “Other
suitable values may be worked out by those skilled
in this art without.a departure from the inven—
tion.

With relay 120 in spacing position.the potential
at the control anode of ‘the SG tubes would be
full minus . (or about —-40"volts) ; ‘Wwith relay 120
in marking posrtron the. potentral ‘at the .control
anode wotuld be more posxtlve (being changed by
about +-20 volts). -With the cathodés of tubes
SG at —40 volts. the potentxal across the contiol
gap would be zero:for spaclng, and for marking
condition it would be about 20 ¥olts, "~~~

With one of the distributor tubes-DG-I-to V
in conductmg condition. the' plus b1asmg potent1a1
due to the drop- (20 volts) in resistafice R2 will
be superlmposed upon. - the’ already estabhshed
potential in the assoclated contrel potentlometer
rendering it more posztlve (by about’ 20 volts)

These conditions are represented by curve L

of Figure 4 as apphed partrcularly to thé storlng'

tube SG-I for stonng of -the selecting pulse 1.
As shown by this curve. the potentml ‘across the
control gap is normally determinied by the mafk-
ing position of relay 120 (20°Volts). Aftér the

Start transition the potentlal reduces o' zero.'
At transition T the tibe DG is fired (sée curve

E) and the resulting blasmg potent1a1 raises the
control gap potentlal (to 20 volts).
120 goes to marking (delayed) the control gap

potential is further increased to 40 ‘yolts) . !

When tube DG-I Is extmgulshed at’ transitmn

II the potential is reduced (to 20 volts) and
remains at this value except Whlle relay 120° goes‘

to spacing, as during the pulses IV and’ V which

are being assumed to be spacing pulses when"

the potent1a1 becomes Z€ro.
Thus it will be_apparent that the tube SG-1
is spec1ally condltioned by the ﬁrlng “of “tube

DG-I, and that the control potential on ‘the tube

SG-I is further mcreased at this t1me (f ’m 20
volts_to 40 volts) if relay m s in'ma O
tion. With the firing’ potential assumed 1o be
about 70 volts’ the tube st remains currentless

The firing potent1a1 is indicated on curve L Fig .

4, by a dot~dash line “SG ﬂrmg.

-since -the transformer nz is ‘included in -all
the control potentmmeter “cireuits for the 'SG
tubes it is ev1dent ‘that the 1mpu1ses produced By
the trahsformer at about the: cefiter “of “efith

“‘When' relay‘
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cycle will make all the SG control anodes more
positive (by 40.volts).  Only the SG tube which
is‘ifi-‘a conditioned state can be fired by the im-
pulse, and only diring:a marking. pulse.  Thus,
as shown by curve L three conditions of positive
potential add up during-the impulse from trans=
former~ 112 “to “exceed” (by 10 “volts) the:firing
potential of tube SG=I. If, as’indicated by dotted
lirie ‘eurve portions in curves A 'and L, the pulse
I"had been spacing, thé potential ‘across the
control gap during: the impulse would have been
insufficient (60 voltsy’ t6 ‘start the tube SG-I. -

Thus any one of the SG tubes may be started
duritig-a marking pulse provided the tube is con-
ditionied by "the” distributor. * The firing of ‘the
control-gap automatically switches to the ‘main
gap, ‘Wiere ‘the ‘main “anode  is connected 6ver
résistarice' R8 to ‘plus.” The tube remains fired
until the Stop pulse. ‘These conditions are indi-
cated for tube SG-I by curve M in ‘Fig, 4.

Inasmuch as ‘the biasing potential from any
partlcular distributoy “tube ‘DG “contributes “to
the’ bulldmg up-of the potent1a1 on the control
ariode of “the “associated 'SG tube, the further
change toward positive of the blasmg potential
due to an impulse from transformer {52 at the
ehd of the cycle will ‘iricreéase the control ‘poten-
tial on the  SG ‘tube.” "Té agam consider “tube
SG-I, with this tube already fired the impulse
would have no effect. With the tube currentless
durihg a spacing” pulse I and with the impulse
irom~transformer 152 of a voltage not in’ excess
of that fromi transformer 172 (40 volts) ‘the com-=
binied" potentral applied aeross the ‘control gap
of tube 'SG-I at ’the end of the cycle would
be insufficient to ﬁre the tube.

" Considering™ ‘the partlcular condition of a
maiking’ pulse arriving early, it ‘will for the’ sake
of éXaple be assumed that pulse Iis spacmg,
tubeé DG-I is fired and tube SG-I is conditioned
but not fired {(contro]l gap potentlal 20 ‘volts).
Shottly before instant II the relay 120 operates
to markmg, bringing the control gap potent1a1
on'SG-I closer to *firing “value (40 volts). 'At
mstant II the lmpulse from transformer 152" is

""" Therefore in
order to" prevent untlmely firing of 8G-I the volt-
agé . (20" volts)” of ‘this' 1mpulse must be” appré~
clably ‘less ‘thail thdt from"transformer 172 (40
volts) §6 that the SG tube may be adjusted ‘to
dlscnmmate between them The firing ‘poten-
tial ‘6f the SG tubes inay be adjusted at’ poten-
tlometer 1885 if” necessary a’ potentlometer 188
may be prov1ded for each SG tube, to ‘make the
fiting potent1a1 mdependent of the load from the
fired tubes. "

‘The’ Operatmns of relay 120 also react to some
extent through resrstanbes R6 and’ R1 upon the
b1asm<r potenitial estabhshed by a fired DG tube
for‘the sticceeding DG tube: - The change in‘bias-
ing potenr ial ‘due 'to “this cause should be appre-
ciably less than the voltage of the' 1mpulse from
transformer 152° to insure that the nekt DG tube
will “he ﬁred by thé imptlse while’ relay 120 is
in spacmg, and “also ‘to prevent the conditioned
tube ‘from firitig “if" relay 126 should ‘2o’ to mark-~
ing. ‘THe biasing petential normally apphed to
tibe DG-T while the’ ‘tube’ DG—Start is ﬁred is'of
course 1ndependent of relay 120 (the drop in re-
sistance” RZ—Start will st111 be dssumed to ‘be
abolt 20 voltsy, “When the 1mpulse ‘from trans-
former I52 (20 volts) ‘arrives the sum of the two
potent1als (40 voIts) exceeds the firing potentxal
(30°Volts) for'the eotitrol’ gap, tube DG 'is fired
and ' DG-IT is’ ‘conditioned, The' blasmg potential
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applied to tube DG-II is, however, made up of

the drop in resistance R2.(20 volts) with the:

plus or minus potential from relay 120 superim-
posed thereon. In the case of a spacing pulse
the biasing potential would be reduced (to about

15 volts, more positive than full minus) and in
the case of a marking pulse it would be increased
(to about 25 volts), the resultant potential in
either case should be insufficient to fire tube
DG-II. With the impulse (20 volts) added from
transformer 152, either of the resultant poten-
tials (increased to 35 and 45 volts, respectively),
should be sufficient to fire tube DG-IIL.

- In the manner described above, an incoming
signal may be stored on the storing gas tubes SG,
any one tube being fired during a corresponding
marking pulse at. the proper time, as controlled
by the distributor tubes DG, and the remaining
tubes being left currentless.. Thus, for the as-
sumed signal the tubes SG-I, II, IIT will be fired
and tubes SG-IV, V will be extinguished.

Hach of the five transfer tubes TG has its con~
trol anode connected to the potentiometer R3,
R4, RE, and its cathode is connected over con-
ductor 181 and normally open marking contact
of relay 180, The potential across the control
gap, when relay (90 goes to marking position
and connects negative to conductor 194, will nor-
mally be too low for firing of the TG tube. How-

ever, when the associated SG tube is fired the &

consequent drop over resistance R3 will drive
the control anode of tube TG encugh toward
positive to permit firing. Thus, when relay {99
operates to marking, as tube DG-Stop is fired,
any TG tube which is connected to a fired SG
tube will have its control gap fired.

The main anode of each TG tube is connected
through conductor 109 and resistor Ril to a po-
tential of -}-130 volts. Thus, the arc in the fired
tubes will automatically switch to the main gap,
thereby establishing an  operating current over
each conductor 100 associated with a received
marking pulse.

The firing of the TG control gap tends to im-~
mediately increase the drop over resistance RS;
however, the charge on condenser C3 assures
complete firing of the main gap by temporarily
maintaining the potential across the control gap.
When the main gap is fired the main gap poten-
tial reduces to the sustaining value (about 32
volts), due to the resistance included in the cir-
cuit from conductor 00 as will be described
hereinafter. Due to the charges on condensers
C4 and C5 the potentials on the TG control an-
ode and on the SG main anode will temporarily
be driven more toward negative thereby extin-
guishing these two gaps. Thus, the storing tubes,
which were fired, are extinguished at the begin-
ning of the Stop pulse. After the passing of the
seventh cycle the tube DG-Stop is extinguished
and relay 190 returns to spacing position, there-
by extinguishing the TG tubes and conductors
100 will be restored to their normal potential.

With the tube DG-Start fired and the oscil-
lator 130 cocked the entire receiving circuit is
restored to normal ready for the next Start pulse,
having passed a marking current over conduc-
tors 100-I, IT, IIT to the associated ecircuit, and
no current over conductors 100-1V, V.,

It will be noted from the description given
above that the tubes TG responding to a spac-
ing pulse will apply full plus potential to the out-
put conductors and responding to a marking pulse
will apply a reduced plus potential to the out-
put conductors during the Stop pulse. However,
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for the purpose of éstablishing the reverse cori-
dition in output conductors from the distributor
circuit in Fig. 1, a.:set of transfer vacuum tubes
TV is provided, having a set of output conductors
{81, Each vacuum tube TV has its control grid
connected to an intermediate point of the poten-
tiometer RY, RI0, RII, connected from minus to
plus, and normally the potential applied to the
grid is high enough to cause a flow of plate cur-

.rent from plus through the resistance R{2 and

the cathode-anode path of the tube to ground,
thereby establishing a potential drop in resist-
ance RI2. Thus, under normal conditions the
output conductors 101 will be at a potential lower
than the plus potential.

. Again, assuming that the storing tubes SG-I,
II, TIT will be fired and that the tubes SG-IV, V
will be extinguished at the time the Stop pulse
arrives and operates relay 190 to marking, the
corresponding TG tiubes will be fired and extin-
guished, respectively. ‘Thus, considering the code
unit I, the current flow in the resistance Ri1 will
be increased thereby driving the grid potential of
tube TV-I less positive. The tube becomes cur-
rentless, thereby eliminating the drop in resist-
ance R{2 so that full plus potential will be ap-
plied to conductor {01-I. In the ease of the code
unit IV the TG tube will not be fired so that the
tube TV-IV will confinue to carry plate current
and to maintain the reduced plus potential on
output conductor 181-IV.

In this manner the TV tubes responding to a
marking condition will apply high plus potential
to the output conductors and those responding to
spacing will apply a reduced plus potential to the
output conductors during the Stop pulse.. This
mode of operation is particlarly suitable for the
circuit arrangement shown-in Fig. 2, as will now
be described.

The decoding circuit shown in Fig. 2 is at least
in part based upon the principles of the circuit
shown in Fig. 1 of Patent 2,458,030 granted Janu-~
ary 4, 1949, to W. T. Rea. Thus, the circuit of
Fig. 2 includes five code unit or inverter circuits
I, II, TII, IV and V connected over pairs of con-
ductors A and B to two code discriminating cir-
cuits 220 and 230 responsive particularly to the
codes for Fig and Letters, respectively. The sys-
tem, as shown, also includes a translating ar-
rangement connected to the conductors-A and
terminating in the-deflecting plates of a cathode
ray tube 258 for selective deflection of the beam
in accordance with each incoming code and for-
display of the corresponding symbol. This eircuit
is also adapted for operation with the distributor

" circuit shown in Fig. 1.

- Each of the inverter circuits I to V thus in-
cludes a vacuum tube V and resistances R{, R2,
R3 and R5 connected to plus and minus potential
and to a pair of conductors A and B, substantially

“as shown in Fig. 1 of the copending application

hereinbefore identified. For the control of each
inverter circuit, current control means, such as
a storing gas tube SG is provided, which during
the seventh cycle will respond to the condition

" imposed upon its input conductor 201 by the cor-

70 -
" the conductor B will-have low potential.

75-

responding transfer vacuum tube TV in Fig. 1
over a conductor {0f. When the tube 8G in Fig. 2
is non-conducting the tube V will be conducting
and the conductor A will have high potential and

The control anode of tube SG is connected to
a point of the potentiometer circuit formed by
resistances 202, 203 and 204 connected between
ground and plus, and thus has a positive potential
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applied thereto (of 30-40 volts) ; under this con-
dition the condenser 290 is charged to the same
potential. The cathode is connected over the con-
ductor 192 and over the normally closed spacing
contact of relay 190 to minus.

Assuming the circuit as shown in Fig. 2, to be
in the condition prevailing during the seventh
cycle, when relay 190 is ‘operated to marking
thereby disconnecting minus from the cathodes
of the SG tubes, these tubes will all be extin-
guished.. Further assuming that the pulse I .is
marking and that conseguently the transfer tube
TV-I in Fig. 1 is hon-conducting diiring the
seventh cycle, then the potential on the condenser
200-T and on the control anode of tube SG-I will
be sufficient for firihg of the tube when at the end
of the seventh cycle relay 190 again applies minhus
to the cathode. 'The condenser 200 will retain a
sufficient charge ‘durihg the travel time of relay
190 to assume proper firing of the tube. As a
result the main gap is fired over resistance Ri-I
to plus, which cuts off tube V-I and causes the
inversion of the potentials on the conductors A-I
and B-I. The tube SG-I will remain fired until
the next'seventh cycle, thus storing the marking
condition until the -Stop pulse -of ‘the succeeding
signal.

PFurther assuming that the pulse II'is spacing,
the tube TV-II in Fig, 1'will be conducting during
the seventh cycle, in ‘which :case the potential on
condenser 200-II and ‘the -control anode -of ‘tube
SG-II will be low and insufficient to fire the tube,
when relay (90 returns to spacing and completes
the cathode circuit to minus. The conductors
A-II and B-II thus retain‘their normal potentials
undisturbed.

Similar functions'takeplace in:all the code unit
circuits I to V-depending ‘tipon the marking and
spacing condition of the corresponding pulses of
the-code signal, so that the potentials-on the-con-
ductors A and B will be‘correspondingly ‘disposed
and will retain such disposition of potentials:dur-
ing the reception of -the succeeding signal until
the Stop signal thereof.

The cathode ray tube 250 ‘may -be-of conven-
tional type and includes the usual elements, such
as-cathodes 253 and elements 254, 255 and 256
for projecting and focusing the beam, these ele-
ments being connected to suitable potentials .on
potentiometer 252 ‘connected to the source .of
direct current 251. ‘A pair of horizontal position-
ing-or deflecting plates 261 and 262 and a pair of
vertical positioning or deflecting :plates :263 -and
264 are arranged for deflecting the:beam horizon-
tally and- vertically, respectively, in ‘accordance
with marginal potentials impressed upon these
plates through resistarices 281,:282,:283, 284, 285
and 286 by the code 'responsive ctircuit. The tube
elements are enclosed in-a sealed vessel 269, usu-
ally of glass, containingan inert gas'at low pres-
§lire. The enlarged end of thetube 260 is coated
with ‘s suitable material -adapted to be activated
by the beam for luminous display ‘of the beam
spot.. 'The reading surface thus ‘provided ‘has-a
display screen 270 incorporated-therein contain-
ing the upper and lower case symbols represented
by the code, these symbols being arfanged-in hor-
fzontal ‘and -vertical lines, as shown more. in: de-
tail in"Fig. 3. 'The-‘object is to deflect the floab-
ing beam in accordance with each incoming code
gienal to strikea corresponding ‘symbol:on the
screen 270 and thereby make the symbol visible
or’ optically ‘effective -for recording. The screen
may be placed in‘any convénient manner:toeither
produce-a shadow of-a‘symbol on'an-illuminated
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backeround outlined by the beam of to produce
an illuminated symbo] on a dark background.
The beam will be at rest on a selected symbol at
least during the first six cycles. of operation -of
the circuit in Pig. 2:and the luminous material in
the screen 2710 may have sufficient persistence of
luminosity to ‘permit the reading of successive
symbols by ‘the eye, evenat the speed of normal
teletypewriter operation.

‘The field of symbols, shown in Fig. 3 includes
a plurality of horizontal rows 1 to '8 and vertical
rows @ to h. The Letters are disposed in the
odd - numbered rows and the Figs in the even
numbered rows. ‘Other arrangements of the two
cases may -however ‘be provided. The deflecting
plates 261,262, 263:and 264 are indicated in this
diagram -in their relation to the rows. The ad-
justments in the -circuit are such that the beam
will be focused .on the vacant space 5,d in re-
sponse -to an-all spacing ‘code, for which condi-~
tion -all the :deflecting plates receive high po-
tential. “The wvacant .space may, of course, be
differently chosen, if desired.

The plate 261 is:connected through resistance
281 to the conductor A-1 and thus will have high
plus potential for.a spacing pulse I.and low plus
potential for a ‘marking pulse I. 'The change
from ‘high to low potential will cause the beam
to be-deflected four spares 1o the right from- any
position it may happen to-occupy.

The plate 262 is connected through rresistance
282 to conductor ‘A-V :ahd through resistance
283 to a '‘point:c on resistance RI1-III. . Thus for
a -marking pulse III the .point :c on resistance
Ri will be at an intermediate :potential and for
a -spacing pulse III ithe point ¢ ‘will be at high
plus ‘potential. For a marking pulse V the re-
sistance 282 will receive Jlow.plus potential -and.

‘for -a -spacing plus V- resistance 282 will :receive

high -plus potential. . The .combination of these
potentials applied to resistances 282 and 283 will
variously affect the potential-applied to the-plate
262, Thus ‘with ‘both ‘resistance :282 .and 283
receiving high potential forispacing ‘plus ITT.and
V:there will be:no-effect-onthe beam.  With high
potential on resistance 282 and:low on.resistance
283, half of the:difference will be applied to plate
262, causing the ‘beamito move two spaces:to the
left, “With intermediate potential on resistance
283 .and high potential :on resistance 282, .only
half -of the: difference ‘hetween these potentials
will be applied to plate 262, causing the beam to
move-one spaece‘to: the left. - With ‘intermediate
potential -on resistance 283:and low potential .on
resistance 282 the beam :will :move. three :spaces
to the left. ~This generdl principle of potential
division ‘may, of -eourse, be:extended to:inelude
control of ‘plate :262 :by rone or more :additional
code units, .either 'within-the five-unit-code or in
a-code ‘with six or more units.

The plate 263 is-connected over: res1stance 284
toithe ‘conductor ;A-XI to receive high potential
for a spacing pulse Il and low potential for a
marking pulse II. The change-from high to low
potential will . move the beam four spaces down.

The plate 264:is eonnected through resistances
285 and 286 fo :receive .combination :potentials
from ‘the conductor:A-IV and.from the point d
on resistance 211 in-the circuit 240. . As will be
explained hereinafter, the tube V-210 will be .in
spacing condition, that is, non-conducting when
the Letters condition is established and in mark-
ing or conducting: conditien when: the Fig .con-
dition is established. The point d thus will-be.at
high :plus .potential -for Letters and at.interme-
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diate potential for Fig.” Thus with low Potential

on resistance 285 for a marking pulse IV and high
potential on resistance 286 for Letters the beam
will move up two spaces. With Letters changed
to Fig there would be an intermediate potential
on resistance 286 which with low potential on
resistance 285 will move the beam up three
spaces. With a spacing pulse IV and Fig the
high potential on resistance 285 and interme-
diate potential on resistance 286 will move the
beam up one space. ’

Thus for the sake of example, it will be as-
sumed that the beam is focused on the space
5,4 for an all spacing code. For the first signal
having the code 1----, the beam will move to
the space 5,2 displaying the corresponding sym-
bol “B.” For the next signal having the code
12---, the beam moves four spaces down, show-
ing the corresponding symbol “A.” For the next
code 123--, the beam moves one space left, show-
ing the symbol “U.” For the next code 1234-,
the beam moves two spaces up, showing the
symbol “K.” For the next code being 12345, the
beam moves to the space 3,e corresponding to
“Letters.”

In a similar manner the operations for any
other code combinations may be traced.

Generally speaking a reduction in potential on
a plate in the cathode ray tube equal to the full
difference between high and low plus potential
will deflect the beam four spaces away from the
plate. When the reduction in potential is ap-
plied through a pair of resistances, such as 282

and 283 or 285 and 286, the deflection will be only

two spaces away from the plate. When the re-
duction is further divided as by the resistance
283 heing connected to the mid-point of resist-
ance Ri or as in the case of resistance 286 being
connected to the mid-point of resistance 211,
then the beam will be deflected only one space
away from the plate.

It should be understood that the shifting of
the beam over 1, 2 and 4 spaces in different
combinations by a pair of plates may be accom-
plished by applying corresponding potentials to
one of the plates and maintaining a constant
potential on the other plate, or that these three
selective actions may be apportioned between the
two plates of a pair in any manner, the starting
point of the beam being changed accordingly.

It will thus appear that with two pairs of po-
sitioning elements arranged in quadrature about
the floating beam and with suitable use of po-
tential dividers as described herein to supply
the required marginal positioning force, a single
tube may be used for selective action in response
to codes of more than five units. Thus with a
code of 7 units, the field may contain 2 spaces.
Of these, 2™ spaces may be selected in response
to m units of the code applied to one pair of
plates, and the remaining 27-m spaces may be
selected in response to n—m units applied to the
other pair. .

It will be noted that the operations traced
above result in the display of symbols only in odd
numbered horizontal lines in which the letters
are displayed. In order that the symbols in the
even numbered rows, viz., the figures, may be
displayed by corresponding codes it will be neces-
sary to temporarily shift the beam upward one
space.  This will be accomplished by the trans-
mission before the symbol of the code 12-45 for
Fig which will be received in the circuit 220
where the tube 220V would become non-conduct-
jing. When this happens the potential applied
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from the potentiometer of resistances 221, 222,
223 to the control anode of-the associated gas~
filled tube G will be made sufficiently positive to
fire the control gap and consequently fire the
main gap of this tube.  The current in the main
gap flows from minus over resistance 225, main
gap, resistance 224 to plus. Resistance 229 being
included in a potentiometer circuit with resist-
ance 212. The potential drop therein makes the
grid - potential in the tube V-2{0 more positive,
thus rendering the tube conducting; the conse-
quent drop in resistance 211 will decrease the
plus potential applied over resistance 288 to the
plate 284 which thus will shift the keam upward
one space. The tube G-220 will remain fired
during subsequent signals; thus upon the recep-
tion of the code for Fig all subsequently received
codes will cause the beam to display the corre-
sponding symbol in any of the even numbered
TOWS.

When at any time thereafter the code for Let-
ters is received the tube V-232 will be rendered
non-conducting, thereby firing the tube G-230 in
the same manner as explained for the tube
G-220. Resistors 231, 232 and 233 have the same
relation to tubes V-230 and G-23§ that resistors
221, 222 and 228 have to tubes V-228 and G-222.
The condenser 228 having been charged by the
potential drop in resistance 224 since the firing
of the tube G-220, its potential at the time of
firing of tube G-230 drives the potential on the
main anode of tube G-220 to a value less than
the sustaining potential thereby extinguishing
the tube G-246. As as result the tube V-2i(8 is
again rendered non-conducting, thereby increas-
ing the plus potential on plate 264 and lowering
the beam one space for subsequent display of
sympbols in the odd numbered rows.

The gas tubes G-228 and G-239 are mutually
extinguishing through the condenser 228 which
will be charged alternately across the resistances
224 and 234.

It should be understood that the gas tube
G-226 and the vacuum tube V-210 may be ar-
ranged as tubes SG-VI and V-VI for direct re-
sponse to a sixth code unit, in -which case the
Letters circuit 238, of course, would be unneces-
sary. : - :

It should furthermore be understood that the
positioning plates in the cathode-ray tube may
be connected to the B conductors instead of the
A conductors for each code unit, or that some of
the connections may be made to the A conductors
and the others to the B conductors, with corre-
sponding relocation of the symbols on the display
screen 270,

The system, as shown in PFig. 2, may, of course,
be used for selecting other cirecuits, besides the
circuits 220 and 238, in response to other code
combinations. Thus, a circuit may be provided
which will operate an audible signal in response
to Fig-S in accordance with general practice.

The - cathode-ray tube 258 may be readily
adapted for circuit selection instead of for decod-
ing into visible symbols. For this purpose the
field of letters 270, shown more in detail in Fig.
3, should be replaced by a field of separate cir-
cuit elements mounted on the end surface of the
tube and connected for selective control of cor-
responding circuits in response to contact with
the floating beam. The energization of individ-
ual circuits by the beam for the duration of a
signal may be accomplished by different means.
Reference may be had to United States Patent
2,067,773, issued to Finch on October 20, 1936,
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“which- in: Fig: ' shows- single- contact elements
- transmitting impulses into separate- circuits by
direct' contact with- the beam. In the United
States Patent 2,195,008, issued: to Skellett on
March 26, 1940; a; similar but intensified action
is'secured By secondary ionization between double
econtact eclements under- impingement by the
beam. Any well-known means may be used to
establish a- time margin in each circuit to insure
positive control’ during the exposure time, and' to
exclude control while the beam travels between
positions during the stop pulse.

A diagrammatic showing of such an arrange-
ment is given in Fig. 5. Only a portion of the
field of contacts or electrodes is shown. The
common: electrode 27+ provides a plurality of
compartments 272 arranged in rows similar to
those shown in Fig. 3. Within each compart-
ment an individual electrode 213 is mounted and
is connected through the tube wall to an external
circuit: FEach compartment and its electrode is
aligned with the direction of the beam so that
‘when struck the space between them will be ion-
ized and cause a currant to flow between the
common conductor 275 and the individual con-
ductor: selected.

For number checking or identification on a
10-digit basis, the tube may have 10X 10 targets
selectable by a T-unit permutation code. With
two such tubes in cooperation, 18,0600 numbers
could be checked or selected by two 7-unit codes.

What is claimed is:

1. A permutation code signal responsive sys-
tem comprising a plurality of code responsive
circuit means, one for each unit of the code, and
each having an output terminal, a cathode ray
tube for translation of the incoming signals and
including a first and a seccnd plate for deflecting
the beam horizontally and a third and fourth
plate for deflecting the beam vertically, each of
said plates being connected to a corresponding
one of ‘said output terminals, each of said receiv-
ing circuit means being adapted to establish at
its output terminal two different potentials rela-
tive to the beam potential ‘in response to the
alternate conditions of its assigned code unit for
effecting two different defiections of the beam.

2.- A permutation code signal responsive sys-
tem comprising  a plurality of code responsive
circuit means, one for each unit of the code, and
each having an output terminal, a cathode ray
tube for translation of the incoming signals and
including a first and a second plate for deflecting
the beam horizontally and a third and a fourth
plate for deflecting the beam vertically, each of
said plates being connected to a corresponding
one of said output terminals, each of said receiv-
ing circuit means being adapted to establish at
its output terminal two different potentials rel-
ative to the beam potential in response to the
alternate conditions of its assigned code unit for
effecting two -different deflections. of the beam
and one of 'said plates also being connected to
another one of said terminals for superimposi-
tion of the voltages at the said two terminals for
effecting still another di‘frerent deflection of the
beam.

3. A decoding system comprising first voltage
control means having an output terminal and
being responsive to a first unit of the code to
supply two different voltages to said terminal in
response to the - alternate characteristics of the
unit, second voltage -control means similar to
said first voltage control means for similarly sup-
plying ‘voltages to‘its terminal, third voltage con-
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trol means similar to said first voltage control
means for similarly supplying two different volt-
ages to its terminal at least one of which is dif-
ferent from the corresponding voltage of-said first
voltage control means, and a cathode ray tube
having- a first plate connected to said first volt-
age control means for deflecting the beam to
two different positions in response to said dif-
ferent voltages and a second plate connected to
said second and third:voltage control means for
deflecting the beam to four different positions in
response to the combined said different voltages.

4. A translating system for a permutation code
including 2" permutations of code units having
two alternate characteristics comprising a trans-
lating device having floating selecting means and
four positioning means arranged in quadrature
about said floating selecting means for selective
positioning thereof in a field of 2" spaces for se-
lective action, said sy:tem further comprising
control circuit means having n code responsive
means each adapted to apply high and low posi-
tioning forces to one of said pesitioning means
in accordance with the-alternate char acterxstlcs
of the assigned code unit, m of said responsive
means being assigned to one opposed pair of said
positioning means and n—m of said reﬁponsxve
means being assigned to the other opposed pair.

5. A translating system for a permutatlon code
ineluding 2* permutations of code units having
two alternate characteristics comprising a trans-
lating device having floating selecting means and

' four positioning means arranged in quadrature
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about said floating selecting means for selective
positicning thereof in a field of 2" spaces for se-
lective action, said system further comprising
control circuit means having n code responsive
means each adapted to apply high and low posi-
tioning forces to ome of said positioning
means in accordance with the alternate char-
acteristics of the assigned code wunit, m of
said responsive means being assigned to apply
marginal forces to one opposed pair of said posi-
tioning means to position said selecting means se~
lectively in any one of 2™ positions and n—m of
said responsive means being assigned. to apply
marginal forces to the other opposed pair to
position said selecting means selectively in any
one of 27~™ positions. .

6. A translating system for a permutation code
including 2" permutations of code units having
two alternate characteristics comprising a trans-
lating device having floating selecting means and
four positioning means arranged in quadrature
about said floating selecting means for selective
positioning thereof in a field of 2" spaces for se-
lective action, said system further comprising
control circuit means having 7 code responsive
means each adapted to apply high and low pesi-
tioning forces to one of said positioning means in
accordance with the alternate characteristics of
the assigned. code unit, said code responsive
means being adapted to produce equal high
potentials and egual low potentials for the ap-
plication of said high and low positioning foreces,
and said control circuit means further includ-
ing potential dividing means connected to re-
ceive high and low potentials from said code re-
sponsive means for proportioning of some of said
high and low forces to effect 2* combinations of
forces.

7. A translating system for a permutation code
including 2" permutations of code units having
two alternate characteristics comprising a trans-
lating device having floating selecting means and
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four positioning means arranged in quadrature
about said floating selecting means for selective
positioning thereof in a field of 2" spaces for se-
lective action, said system further comprising
control circuit means having n code responsive
means each adapted to apply high and low posi-
tioning forces to one of said positioning means in
~accordance with the alternate characteristics of
the assigned code unit, said responsive means
being adapted to produce equal high potentials
and equal low potentials for the application of
said high and low positioning forces and said
control circuit means further including poten-
tial dividing means connected fo receive said
equal high and low potentials for proportioning
of some of said high and low forces to effect
2m combinations of forces applied to one opposed
pair of said positioning means and to effect
2m—2 combinations of forces applied to the other
opposed pair for the positioning of said select-
ing means in any one of said 2” spaces.

8. A translating system for a permutation code
including 2* psrmutations of code units having
two alternate characteristics comprising a cath-
ode ray tube having two pairs of juxtaposed plates
for positioning of the beam in a field of 27+!
spaces for selective action, control circuit means
for said tube including n code responsive means
each adapted to apply high and low positioning
potentials to one of said plates in accordance with
the alternate characteristics of the assigned code
unit for positioning of the beam in 2" spaces of
said field, a code discriminating circuit having a
receiving branch connected to each of said code

responsive means for combining said high and 3

low potentials into a single discriminating poten-
tial varying to represent the different incoming
code combinations and selective means connected
to receive said single potential and responsive to
a predetermined- value of said single potentisl
representing a predetermined code combination
to alternately apply high and low positioning
potentials to one of said plates to cause the beam
to be subsequently positioned by said code re-
sponsive means alternately in one and the other
of the 2" spaces.

9. A translating system for a permutation code
including 27 permutations of code units having
two alternate characteristics comprising a cath-

ode ray tube having two pairs of juxtaposed plates ,

for positioning of the beam in a field of 27+
spaces for selective action, control circuit means
for said tube including n code responsive means
each adapted to produce high and low potentials
in accordance with the alternate characteristics
of the corresponding code unit and potential
dividing means connected between at least two
of said code responsive means to produce inter-
mediate potentials in accordance with the al-
ternate characteristics of the corresponding code
units, two code discriminating circuits each hav-
ing a receiving branch connected to receive high
and low potentials from each of said code respon-
sive means in accordance with the code require-
ments for the assigned symbol, said receiving
branches in each being interconnected to com-
bine said potentials into a single discriminating
potential varying as the different code combina-~
tions are received, each of said diseriminating cir-
cuits further having selective means connected
to be selectively responsive to a predetermined
value of said varying potential representing the
assigned symbol for selective action, storing
means for producing high and low potentials and
connected to be responsive to the selective actions
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of said two selective means, alternately, to alter-
nately produce said high and low potentials, and
potential dividing means connected between said
storing means and at least one of said code re-
sponsive means to produce intermediate poten-
tials in accordance with the alternate character-
istics of the corresponding code unit and the al-
ternate code combinations of the said two as-
signed symbols, said two pairs of plates being
connected to receive said high, intermediate and
low potentials for positioning of said beam in
any space in said field.

10. A translating system in accordance with
claim 9 in which said tube has 27+! electrodes
distributed in said 27+! spaces each adapted to
produce a current flow in an associated circuit
when selectively engaged by the beam.

11. In a decoding system for a permutation
code having n code units, n pairs of receiving
circuits having high and low potentials of the
same polarity and responsive to the code units
to interchange said high and low potentials with-
in each pair, a cathode ray tube having a pair
of horizontal and a pair of vertical beam position-
ing means, and a plurality of potential dividers
connected to said receiving circuits to apply one
or the other of said potentials to said positioning
means and to apply varying potentials inter-
mediate said high and low potentials to said posi-
tioning means for positioning of the beam into
27 distinetly different positions in response to the
different code permutations.

12. A translating system for permutation code
signals comprising a cathode ray tube having a
pair of opposed plates for positioning of the beam
in a field of spaces for selective action, code re-
sponsive means for each code unit for establish-
ing simultaneous high and low potentials in ac-
cordance with the alternate characteristics of the
assigned code unit, a decoding circuit having a
receiving branch connected to each of said code
responsive means for combining said high and
low potentials into a single discriminatory poten-
tial representing the different incoming code
combinations, and selective means connected to
receive said single potential and responsive to a
predetermined value thereof to alternately apply
high and low potentials to one of said plates for
correspondingly varying the position of the
beam.

13. In a translating system for permutation
codes, a selector mechanism comprising a plu-
rality of selector devices equal in number to the
selecting elements of the code and each condi-
tionable in accordance with either of two select~
ing conditions of said elements, a cathode ray
tube having pairs of deflecting electrodes dis-
posed in quadrature, connections from said selec-
tor devices to said deflecting plates for impress-
ing on said plates combinations of electrical po-
tentials to cause the deflection of the cathode
beam to any one of a plurality of positions equal
to the selecting capabilities of the code, and
decoding means connected to said selector devices
and effective in response to a particular code com-
bination for superimposing upon one of said pairs
of plates an electrical potential which, in com-
bination with said other electrical potentials,
causes the deflection of said beam to any one of a
like plurality of other positions.

14. In a translating system for permutation
codes, a selector mechanism comprising a plu-~
rality of selector devices equal in number to the
selecting elements of the code and each condi-
tionable in accordance with either of two select-
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ing conditions of said elements, a cathode ray
tube having pairs of deflecting electrodes dis-
posed in quadrature, connections from said selec~
tor devices to said deflecting plates for impressing
on said plates combinations of electrical poten-
tials to cause the deflection of the cathode beam
to any one of a plurality of positions equal to
the selecting capabilities of the code, and decod-
ing means connected to said selector devices and
effective in response to a particular code com-
bination for superimposing upon one of said pairs
of plates an electrical potential which, in com-
bination with said other electrical potentials,
causes the deflection of said beam a flxed distance
from any one of said positions to a corresponding
one of a like plurality of other positions,

15. In g translating system for permutation
codes, a selector mechanism comprising a plu-
rality of selector devices equal in number to the
sclecting elementg of the code and each condi-
tionable in accordance with either of two select-
ing conditions of said elements, a cathode ray
tube having pairs of deflecting electrodes dis-
posed in quadrature, connections from said selec-
tor devices to said deflecting plates for impressing
on said plates combinations of electrical poten-
tials to cause the deflection of the cathode beam
to any one of a plurality of positions equal to the
selecting capabilities of the code, means for
superimposing upon one of said pairs of plates
either of two electrical potentials which, in com-~
bination with said other electrical potentials,
causes the deflection of said heam to any one of
said positions or to any one of a like plurality of
other positions, and decoding means individually
responsive to two particular code sighals for
causing said two electrical potentials to be pro-
duced.
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16. In a translating system for permutation
codes, & selector mechanism comprising a plu-
rality of selector devices equal in number to the

‘selecting elements of the code and each condi-

tionable in accordance with either of two select-
ing conditions of said elements, a- cathode ray
tube having pairs of deflecting electrodes dis-
posed in quadrature, connections from said selec-
tor devices to said deflecting plates for impressing
on said plates combinations of electrical poten~
tials to cause the deflection of the cathode beam
to any one of a plurality of pesitions in any one
of & plurality of rows, decoding means connected
to said selector devices angd effective in response
to a particular ccde combination for superimpos-
ing upon one of said pairs of plates an electrical
potential which, in combination with said other
electrical potentials, causes the deflection of said

eam to any one of a plurality of positions in any
one of a plurality of other rows alternating with
said first-mentioned rows.

WILTON T. REA.
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