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ELEcrnrc DISCHARGE DEVICE

Techniques, Inc., Berkeley, Callf a corporatnon of
California | |

Appllcatron July 12 1955 Serral No. 521 555
35 Clalms. (Cl 315-34 6) -

This invention relates to gaseous drscharge dewces and

Unit e d . States " Pate , t 3 ;J ﬁge

'_down voltage to extlnctIon voltage

2 923 853
ented Feh 2 1960

RO ;2_
The breakdown

volt.age is that voltage which must be applied across a

10

gas in a given case to initiate a glow discharge. The

glow discharge can be sustained by a voltage somewhat
- below: the breakdown Voltage but if the voltage is lowered

Donglas C. Engelbart Albany, Calif,; a smgnor to Dlgltal- . _.suftclently, a voltage level is reached where the glow dies
’ o8 |

This level is called the extinction voltage.
Tne breakdown-to-extinction voltage ratio-is n:nportant

-because 1t deter*mnes the permissible variation in operat-

ing voltage; i.e., the breakdown-to- ex_trncnon voltage de-

. termines. . the necessary - operating voltage regulation.

15
particularly to a multi-position glow discharge device

having a system of electrodes to which signals are apphed -

for effecting the shifting of a mnltrple-glow pattern ‘o dls-_.

crete steps.
Such a device may be effectwely eroployed --for'-;__stgn
lighting, display and advertising purposes. For example,

~ a pattern of discrete glow discharges may be circulated
in a gas-filled tube formed in a closed loop of desired
‘As another example, a gas-filled tube formed in

shape,

the shape of a written message may be progressnrely ]llll-
minated at a selectable rate. -

register in a computer Each glow discharge position

may represent a. srngle order of a plural-order binary
number, or “word,”

0, or vice versa.

The possfmllty of nsrng a gaseous dlscharge
transfer device in computing circuits has long been.rec-

~ognized, as evidenced by the nlany attempts in .the prior

art to develop practical versions of such :devices.  For

The present invention has special ntrhty as a. sh1ft1ng

the presence of a glow representing
a brnary 1 and the absence of a glow representlng a blnary

25

30

g]ow- _. 7

35

example, many counting tubes have been developed it

wherein a single glow discharge 18 stepped from .one

‘discrete position to another in response to input pulses,
40
These tubes typlcally employ a

the final position of the glow being  indicative of the
number of input pulses.

This may be more fully apprec1ated frorn the followrng
considerations.” .

Glow transfer .lrs'generally effected and controlled hy'
'applymg the principle of ‘priming,” which requrres that

. the. ooeratrng voltages apphed to the tube be in the sus-

taining voltage range, ie., between breakdown and ex-
tinction. . For example, if a glow d1scharge 1s held at a

|  first electrode, an ad]acent second electrode can be poSI-'
20

tioned such that the gaseous atmosphere in-the region
of influence of the second electrode is partially ionized

~ due to its proximity to the glow discharge held by the
first -elecirode, or due to-ion migration.
‘faining potential' i.2
‘extinction, is applred to such a prrrned electrode, the laf-
" ter electrode causes a glow in its own localized area;
‘whereas -an unprimed electrode which 1s energized with

When a sus-
.» & voltage between ‘breakdown and

the same potential remains inactive and does mot cause

its own -localized  glow. - Therefore, the operating volt-

ages ‘applied to the tube must be within the sustaining
voltage range. If the operating voltage drops below the
extinction voltage, the glow  discharges will, of course,

~die out and be lost;.if the. operatrng voltage rises above
| the hreaadown voltage, SpUrious glow dlsoharﬂes wﬂl oc-_

cur at nnprnned ¢lectrodes. --
A typrcal breakdown-to-extinction voltage ratro for the
D.C...case .is .in the order of 1.15. - For example, if a

- particular tube- has a breakdown voltage of ‘115 volts and

~ plurality of internal electrodes to which are. applied direct 2

~ current excitation potentlals

“ing register. Furthermore, such prior art dev1ces have
one Or more of the following defects: -

- (1)
- (2)
- (3)
(4)
- (5)
18t1Cs;
(6)

(7)

Expenswe and conlplreated 1nternal tnhe structnre
Critical electrode spacing tolerances

Many glass-to-metal seals; |

Critical electrode surface characterlstrcs, |

Requrrernent of hlghly regulated drwrng Voltages

In the present invention, a plurality of dtscrete glow
“discharges may be maintained, and the above defects

may be obviated through the use of electrodes. which are

external to the gas-filled tube and to which high fre-
quency potentials are sequentlally applied for shifting the
One embodiment of the

pattern of glow discharges.

Small breakdown—-to—extrnctron voltage ratlo, and'

However, these. prior art
devices do not sustain or simultaneously shift a plurality

of glow discharges as is requisite for operatron as.a shift- 45

- breakdown and extinction voltages vary with such things

50

Lack of stable and u*nforrn operatlng character- '

60

present inveation requrres 110 internal structure, and.an- =

' -other requires only a pair of snnple, mterna_l “stabiliz-
ing” electrodes. The term “high frequency,”

'audro

~to the use. of D.C. signals for causing glow :transfer.

"When D.C. glow: is. ernployed tube operation: may be

| “where em-
ployed in the present description and appended claims,
will be understood to refer to. frequencles h1gher than :

Many pr1or art glow transler tubes have been dn‘ected L

70

cntlcal ‘because -of -an undesirably low ratto of break- -

trode- spacing,
| placement without readjusiment, allowance must be made
for variation of .characteristics among tubes.

‘the above ratio, then the extinction voltage is 100 volts.
‘Therefore, the sustaining. voltage" is hrnrted to the 15
" volt range between 100 and 115 volts..

For rellable
operation, the operating voltage excursions must, of

course, be restricted to an even narrower range since the

as erternal lrght aging effects, and especially with elec-

" Also; if a deszlgn is to allow for tube re-

Where a
plnrahty of commionly connected elecirodes are involved,

" as is the icase with most prior art gaseons drscharge count-

ing tubes, it is evident that electrode spacing tolerances
are very critical and operattng voltages must: be highly

- -reﬂ'ulated to avoid spuricus response of some of the elec—-
- trodes or loss of glow hy others. SRR

Another nnportant aspect of gaseous drscharee tubes_' |
is the: glow decay time, Wlncn is the time required, sub-

seguent-{c . the rerncval of a sustaining voltage from an
electrode holding a glow discharge, for the ionization
“level to decrease to the extent that re-apphcatron of the
-sustaiming voltage to the electrode does not revive the

glow discharge. In other words, it is the time required

for the icnization of the gasecus atrnosphere assocrated

with the electrode to drop below. the priming level.  The -

speed of © operation of the tnbe 1S obvronsly lrrnrted by the

85 | glow decay time.

Ths breakoowo voltage eanncuon voltaﬂe and glow

'decay time are interrelated functions of .such: physical
..'characterrstzcs of the tube as vessel dimensions, electrode

spacing, electrode size and shape, surface characteristics.

of . ( lnternal) electrodes gas composmon and pressnre,
- -efc.

electrode D C. energrzed tn‘oes have often resnlted m nn- .
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practically high breakdown voltages and/or breakdown-
to-extinction voltage ratios which are inadequate for re-
liable operation.

It has been found that by applying high frequency
transfer signals to entirely external electrodes, a large
breakdown-to-extinction voltage ratio may be obtained.
A ratio of 2 is easily attained, and a ratio of 3 or more
1s possible. With such a large breakdown-to-extinction
voltage ratio, the electrode spacing tolerances and oper-
ating voltage regulation are, obviously, much less critical
than in the case of D.C.-energized tubes. A further ad-
vantage arising from the high frequency energization of

10

external electrodes, and the consequent large breakdown-

to-extinction voltage ratios which are thereby rendered
possible, is the freedom to design for a short glow decay
time, thereby allowing a high overall glow transfer raie,
while still maintaining a practical breakdown-to-extinc-

15

tion voltage ratio. - An outstanding advantage of the pres- .

ent invention is the elimination of multiple internal elec-
trodes. Not only is the cost lowered by the absence of
complicated internal structure, but the problems of criti-
cal electirode surfaces are completely solved. Electrode

4
- To simultaneously register a binary word and the com- -
plement of the word in a single device; and

To provide a gaseous discharge glow-shifting device
having energizing circuits with substantially constant
Joading.

The underlying principle of the present invention is
the step-shifting of a multiple-glow pattern in a single
gas-filled tube.

Other objects and principles of the invention will ap-
pear from the fellnwmg description, reference being
made to the accompanying drawings, wherein:

Fig. 1 is a diagrammatic representation of an ekternal
electrode, glow discharge shifting tube;

Fig. 2 is a diagrammatic representation of a glow dis-
charge shifting tube with a stabilizing electrode;

Fig. 3 1s a timing diagram for a one-cycle shift se-

quence;
Fig. 4 1s a timing diagram of a shift sequence which

| permits the use of a relatively short shifting time;

20

surface problems arising from the use of D.C.-energized

internal electrodes in prior art gaseous discharge tubes
include the following:
(1) Gas clean-up due to the absorption of the gas by

20

the metal of the internal electrodes, and resulting in rela-

tively short tube life;

(2) Sputterlng of the internal electrode metal and con-
sequent change in tube characteristics as well as deteri-
oration of electrodes, and
(3) Unequal aging in an internal electrode tube, when

30

some electrodes are used more frequently than others, -

with consequent nen—-umfernnty of operating character-
1sfics.

With the high frequency energized external electrodes
of the present invention, gas clean-up is due to the en-

35

velope only and the gas clean-up caused by the envelope

is small compared to the gas clean-up caused by internal
electrodes. Sputtering is obviously eliminated and the
tube ages uniformly. Therefore, the use of high fre-
quency energized external electrodes allows the construc-
tion of gaseous glow discharge shifting tubes having stable
and uniform operating characteristics. While the pres-
ent invention is illustrated and described hereinafter as
applied to tubes having external electrodes, it is obvious
that internal electrode structures may be emploved in
the practice of the present invention at the sacrifice of
some of the advantages discussed above. However, such
high frequency energized internal electrode tubes still
possess a number of advantages over the direct current or
low frequency energized tubes of the prior art, for exams-

ple, higher breakdown-to-extinction Veltaee ratio and

longer electrode life.

Thus, a general object of the present invention is to
provide a gaseous discharge stepping device having a
plurality of discrete positions, any combination of which
- can be maintained in an energized condition.

40

45

50

55

- Another object is to rapidly shift a glow discharge in a -

gas-filled tube by the application of high frequency pe-
tentials to entirely external electrodes.
N A further object is to provide an improved glew Si’llft-
- 1ng tube of novel constructiosn.

60

Another object is to provide a novel sign-lichting de-

vice.

Other objects of the invention are:

'To eunter information into a shifting register by estab-
Iishing a pattern of glow discharges: |

To shift a pattern of glow discharges in elther of two

directions in a gas-filled tube; |
To provide a multl-peswen shift register eompnslng a
single unit of small size and low cost;

To provide a gaseous discharge tube having a plurality __

of discrete glow discharge positions, and having no- in-
ternal electrodes;

65

70

75

electrodes 6 are designated “holding” electrodes.
sume that a glow discharge has been initiated and is being

steps from electrode 4(2) to electrode 5(2).

Fig. 5 is an illustration of an axial-field shifting tube
with a. block diagram of associated energizing circuits
and an output device;

Fig. 6 1s a schematic diagra
quency 51gnal generator; |

Fig. 7 is an illustration of an embodiment of the pres-
ent invention wherein provision is made for simulta-
neously registering both a word and its complement;

- Fig. 8 is an illustration of an embodiment of the pres-
enf invention as applied to sign lighting;

Fig. 9 is a ernss-seetion view of the device shown In
Fig. 8; . -

"Fig. 10 1is a frent VIeW of a glew discherge shlftlng tube
in helical form;

Fig. 11 is a right side view of the dewee shown 1n Flﬂr

10; and | |
Fig. 12 is a block diagram of a system for selectably
either 'entering new information or recirculating old in-

1 of a suitable high fre-

formation in a shifting register.

- Referring to Fig. 1, three groups of electrodes 4, 5,
and.. 6 are shown positioned adjacent a gas-filled tub..... 1,
and opposite a common electrode 2. Tube 1 is filled to a
low pressure with an ionizable gas such as neon thereby
forming a gaseous discharge channel. A glow discharge
is initiated by applying a burst of high frequency signal,
having a potential greater than the breakdown level of
the gas, to a lead 7 connected to an input electrode 3.
A high frequency signal, having a potential greater than
the extinction level of the gas, but less than the break-
down level, is then applied to all electrodes 4 through a
first transfer lead 8. Electrode 4(1) is primed due to the

proximity of starting electrode 3; therefore, it “captures™

the glow discharge and sustains it. A subsequent burst.
of high frequency signal on a second transfer lead 9, con-
nected to all electrodes 5, similarly effects the transfer of
the glow from electrode 4(1) to electrode 5(1). A sus-
tained high frequency signal is now applied to 2ll elec-
trodes 6 through a third transfer lead 18, thereby trans-
ferring the glow from electrode 5(1) to electrode 6(1)
where it is held pending a subsequent shifting cycle. |

A shifting cycle may be best understood by reference
to the timing diagram of Fig. 3 in which the high ire-
quency envelopes are shown plotted against a time scale.

Tt will be noted that all electrodes 6 are normally ener-

Thus, the
As-

gized by the high frequency potential Ei,.

held by electrode 6(1) (Fig. 1) as described above. At
the beginning of a shifting cycle potential E;y (Fig. 3)

is removed and a burst of high frequency signal, whose

envelope is shown at Eg, is applied through lead 8 (Fig.

‘1) to all electrodes 4. The glow at electrode 6(1) is
transferred to electrode 4(2). At the end of transfer sig-

nal Eg (Fig. 3), a transfer signal Eq is applied through
lead 9 (Fig. 1) to electrodes 5 and the glow discharge
At the'end
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of sxgnal Eq (Flg 3), the holdlug putentlal E-;n returns :

to electrodes 6 (Fig. 1) to complete the shifting cycle by-:'
transferrinig the glow from electrode 5(2) to the holding

~electrode 6(2). Thus a glow discharge is shifted from.
one holding electrode to the next successive holding elec-
trode during each shifting cycle.

trodes.

Fig. 1, three holding electrodes 6(1), 6(2), 6(3) are

- trode 2 of Figs. 1

Since electrodes 4 and
& perform the shifting they are. deSIguated “shlftmg elec-
The present device can shift and hold any nuln- '-
ber of separate glow discharges within.its capacity. In

10

shown by way of example but the device can be expanded
to any desired capacity, for example one thousand hold-

ing electrodes, by lengthening tube 1 and addlnﬂ* appro-

prtate electrodes 4, § and 6.
In Fig. 2, a stabilizing electrude 23 is shewu

ThlS.
electrode is continually energized by a source of high fre-

15

‘quency potential to couatantly maintain a glow discharge

at one end of the tube.

of the device.
tween electrode 23 and common electrode 2, the quiescent

ionization level in the tube is held substantially constant;

the device is thus stabilized, and reliable operation re-
sults. When it is desired to initiate a glow on the first
'hel'diug e]ec:trede 6(1), an electrode 21, designated the
“transfer” electrode, is euer'gize'd by a burst of high fre-
quency signal at that time in the shifting cycle when the
second shifting electrodes 5§ are energized (see Flg 3).

The transfer electrode 21 is primed by its proximity to -~

Such an arrangement is advan-
tageous where the device may sit idle for long periods
- since, as. 1s well known, the SIgual potential required for
causing a gaseous breakdown is influenced by the history
By maintaining a constant discharge be-

20

 arming poteut1a1

tmdes are collectwely analegaus to the cemmon elec--_

1 and 2; accordmgly, the same reference.
number is used. The transfer electrode 21.1is plaeed be-

“tween the first two grounded .electrodes and near the
‘internal stablhzlng electrodes 22. The heldtug elec-

trodes 6 and shlftlug electrodes 4 and 5 are connected in

~-arrays -and are posuleued in sequeutlally alternate ar-
f._rangemeut between grounded electrodes.

-The energizing circuit. comprises four- high frequency

generators 30 and 33, shown as rf generators, a. trigger

circuit: 34, a pair of uambraters 35 and 36, and a gate
43. Trigger circuit 34- may be, for example an ordinary

- Eccles-Jordan type of bistable. circuit such as shown in
~ Fig. 2.36 of “Electroums” by Elmure and Sands, Na-.
tional Nuclear Energy Series, Division V, volume 1,
- McGraw-Hill,

well-known type which: provide an output pulse of se-
_ lectable. duration- in response. to eaeh input pulse..
~ suitable univibrator is shown. in Fig. 2.33 of the above
:refereuce

1949. Univibrators 35 and 36 are of the

A
Gate 43 may be - ef auy of the usual types

A sultable ﬂate is. shewu in th 3 of

~ Patent No. 2,715,997, issued August 23, 1955 to Charles

| '--vanety of forms.

- M. Hill, to Whleh patent referenee is made for
25 FE

full de-
scription of the gate. "~ .

The high frequency geueraters 30 te 33 may take a
Generator 39 has the least stringent

. design requlrements, it~ energizes only one electrode,

30

the stabﬂtzmg eteetrede 23; therefore, electrode 21 picks =
up a glow whenever it is energized, and when the hold-

ing potential returns to electrode 6, this glow is trans-
ferred to the first heldlug electrode 6(1). OQerauen is
otherwise the same as for the device shown in Fig. 1. |

Fig. 4 shows a timing diagram of an alternatwe shlft- ..

| mg eycle which offers the advantage ‘of about a 25 per-

cent increase in shifting speed. Pulses or high frequency

bursts Eg and E, are narrowed to the extent that a full
- glow discharge is not developed at the shifting eleetredes

tion to prime the adjacent holding electrode.  In this

increase shifting speed.

A tube envelope eentammg an 1emzable gas such as

neon at low pressure is suggested above as a. ‘practical
ionizable atmosphere or medium for the practice of this

invention, however, there is Vlrtually an infinite num-

- namely, the transfer electrode 21, and its power output
and regulation requirements therefore are low. Genera- |

tors 31, 32, and 33, however, must have sufficient power
output.to supply energization to a pluraht}r of electrodes,

.. dependent on the number of glow discharge positions

desired. Also, the number of electrodes which are sup-
porting . a. glew at any given time is. variable; therefore,

“generators. 31, 32, and 33 must have good regulation.

- A suitable embedtmeut of a high frequency generator
- is shown in Fig. 6. A tube 63, shown for example as

40

-eselllator cu‘emt

a duotriode, is connected in a tuned-plate, tuned-grid
A keying tube 55, havmg a plate

~ power supply source 52 and plate resistor 53, is provided -
The sh1ft1ng electrodes ‘merely transfer eneuﬂh ioniza- ¥ kb Y E P

. way the decay time of the shifting electrodes ‘is reduced
~and thus a subsequent cyele can be 1u1t1ated suener to_

~.volts and the bias potential —C is also 250 volts.
‘keying tube grid and cathode are then at the same po-
tential, and tube 55 i1s normally conducting, thereby

50 applytng

ber of su1tab1e ionizable media well known in the art

lneludlng, to mention a few, neon, helium, air, hydre-—
gen, ‘argon, ‘krypton, mercury. vapor, xenon, in various

to control the oscillator. By suitable aelecuen of key-

-ing tube control grid bias —C, the high frequeney gen— |
~erator can be operated either as “normally OFF” or “nor-
5 mally ON.”

Consider, for example, the case where
power source 52, which is shown as a battery, is 250

- The

relatively high ‘negative potential through a

- grid tank coil 56 to the grids-of the oscillator tube 63,
- which renders the oscillator inoperative.

A negative po-

- tentia] of suitable level applied to a-terminal 50 keys the

‘mixtures and at from very low pressures to pressures'-'__

above attnespherte

The medium may be sealed 111 an - .
_envelepe or may be maintained at the appropriate. pres--

sure by conventional vacuum or pressure systems (not

shown) or eentalned between the eleetredes 111 any other_ |

manner,

An 1llustratten ef an axial-field shlfung tube reg1ster
together with energizing and output circuits is shown in
In contrast to the arrangement shown in Figs.
1 and 2, wherein the energizing field is applied across
‘the tube, in the axial-field construction the applied ﬁeld._' .
The advantage of the axial constric-
tion is that the electrode spacing is ‘independent of the

Fig. 5.

1s along the tube.

tube diameter, thus allowing the use of small d1ameter., :
tubes with consequent shorter gluw decay time and faster

shlftlng speeds. Also shown in Fig. 5:is a pair of D.C.-
energized internal electrodes 22 which may be used in

lieu of the external stab1l1zmg electrede arrangement-_

- shown in Fig. 2.

The external eleetrodes in Fig. 5 are fermed'as rings' -_

or bands. around the tube with alternate electrodes 2

gonuected together and grounded These greunded elee-.

the escﬂlater grids. -

‘circuit to operation by eutttng off conduction in the key-

ing tube 55, thereby. remewng the blocking bias from
Output is taken from the high fre-.
quency generator at a parr of terminals 61 and 62 con-

nected to a coil 60 that is ‘coupled to a plate tank coil :
59, Terminal 62 is greunded ‘when unbalaneed output
60 i S R _

is desired.
As noted above the hlgh frequency generater circuit

may be eperated as nermally ON. - To accomplish this,
the bias potential —C is chosen to keep the keying tube
85 at cutoff and thus the oscillator in- operation.
| 'posuwe petent1al applted to terminal 50 under these con- =

A

ditions, causes the keying tube.to conduct thereby blas-
g the oscillator to an inoperative or QFF state.
Operatlen of the gas tube shift reglster circuit of Fig.

5 will now be described in detail by assuming, for ex-

70

~ into the shifting tube.
 order first; thus, the digit 1 will be entered durlng the
first d1g1t 1nterval a digit interval In thls case belng the

ample, that it is desired to enter the binary word 1101
The word wﬂl be entered lowest

. same as a shifting cycle.

{ ;;_7_5

At the begmmng of eaeh d1g1t mterval a cleek pulse' -
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7
from a suitable source ‘Thereinafter: descrlbed is applied
to a terminal 39. The clock pulse resets trigger circuit
34 and simultaneously reverses univibrator 35 to its ab-
normal state. Generator 31 is normally ON to there-
by apply a holdmg potentlal to holdmg electrodes 6

through lead 10, When trigger circuit 34 is reset by

“the clock pulse, it keys generator 31 OFF to remove the
holding potential from electrodes 6 as shown graphical-
ly 1n Fig. 3. At the same time, generator 32 (Fig. 5),
which is normally OFF is kyed ON by univibrator 35
thereby applying the potential By (Fig. 3) to shifting
electrodes 4 (Fig. 5). When univibrator 35 returns-to

its normal state, generator 32 returns to its normal OFF
condition. In returning to its nmormal state, univibrator

- 35 also generates a pulse which is conducted through a
lead 37 to the input of univibrator 36, and reverses the
latfer to its abnormal state. Univibrator 36 transmits a
keying pulse to generator 33, thereby energizing shift-
. ing electrodes 5, This same keying pulse is also con-
ducted by a lead 44 to interrogate gate 43. The arming
terminal of gate 43 is connected to a value input ter-
minal 40. In any given digit interval, if the value to be
entered is a “1” then an arming potential is applied to
terminal 40 by means hereinafter described, for arming
gate 43. If, however, the value to be entered is a 0
the gate 43 is left unarmed. |
- In the present instance, it i1s assumed that the bmary
~word 1101 is to be entered. Thus the value for this
first digit interval is a “1” and therefore gate 43 is armed
during the first digit interval, and transmits the keying
pulse from umnivibrator 36 to generator 36. The output
of generator 30 is connected to the transfer electrode 21

through a lead 20. The transfer electrode 231, when

energized, picks up a glow from the stabilizing electrode
22. When univibrator 36 returns to its normal state,
shifting electrodes 5 and the transfer electrode 21 are
de-energized; also, a pulse is transmitted by univibrator
36 through a lead 38 to set the trigger circuit 34, thereby
keying generator 31 and returning the holding potential
~ to holding electrodes 6. Holding electrode 6(1), ad-
jacent the transfer electrode 21 is primed by the ener-
gized condition of the transfer electrode. Thus, upon
being re-energized, the electrode 6(1) captures and helds
a glow discharge to represent the entered “1” value.

The second from lowest order digit in the word 1101
is an “0” to be entered during the second digit interval.
As before, a clock pulse on terminal 39 initiates the shift-
ing cycle. Generator 31 is keyed OFF and generators
32 and 33 are sequentially keyed ON to transfer the
glow (representing the first input digit “1”) from elec-
trode 6(1) to electrode 6(2). The keying pulse from
univibrator 36 interrogates gate 43; however, since the
value to be entered in the present digit imnterval 1s a “0,”
there is no input at terminal 40, and gate 43 is unarmed.
Therefore, no glow is transferred to electrode 6(1) and
at the end of the cycle this absence of a glow at electrode
6(1) represents the input digit “0.”

The second highest and the highest order digits of the
example word 1101 are “1’s” and these digits are entered
‘into the shifting register tube in the manner described
above in relation to the lowest order digit “1.” Thus, at
the end of four digit intervals, the word 1101 is repre-
sented by a glow at electrode 6(4) (not shown), no glow
at electrode 6(3) and glows at both electrodes 6(2) and
6(1). If successive clock pulses are now applied to
terminal 39, it is clear that this glow pattern will be shifted

by one position to the right during each shifting cycle
. until eventually the glow pattern reaches the Iightmest
~end of the tube. Readout from the register tube is in
the form of a photoelectric tube, or other light sensitive
device 41 positioned to detect a glow held by electrode
6(n).” The glow pattern is.shifted through electrode
6(n) and is lost, with the readout device deteetmg gach
glow and giving an output on terminal 42 in response

thereto. The example word 1101 thus appears on termi-
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to its raised position.

8

nal 42 in the same order as entered into the register; i.e.,

lowest order first, with “1’s” represented by an output
signal on termmal 42 and “0’s” represented by an ab-
sence of such an output signal.
is shown by way of example as a photo-electric - tube,
other readout means are readily apparent.
a pair of electrodes may be positioned in the gas which

is in the region of influence of the holding electrode from

which readout is desired. A D.-C. potential will then
appear on these “readout” electrodes when the gas is
ionized. See for example, Fig. 9 of U.S. Patent No.
2,696,566, issued to K. S. Lion et al., December 7, 1954.
Other readout means include the detection of the ener-

gizing current to the electrodes of the cell from wlruch |
readout is desired. |

It should be noted that it is peesﬂ)le o enter informa-
tion into the tube in one arrangement say lowest order
first, and read out this information in reverse order or
highest order first.

is required. The desired information is entered in the

‘normal manner; then leads 8 and 9 are interchanged, by

suitable switching arrangement (not shown) if desired,
to thus reverse the direction of shifting., The highest
order digit will thus be the first detected.

In regard to the transfer electrode 21 (Fig. 5), it is
suggested that this electrode may be internal (similar

“to the internal stabilizing electrodes 22), in which case,

it can be energized by a univibrator, similar to unmbra—
tors 35 and 36, replacing generator 39.

The clock pulse input to terminal 39, and the . value
mput to terminal 46 may be received, for example, from
a clock pulse lead and an information pulse lead in a
serial-type electronic digital computer, a number of which
are known 1n the art. - An example of such a computer
is - disclosed in the copending application Serial No.

458,473, filed September 27, 1954 by George B. Greene

et al., wherein the output terminal “OP” (Fig. 35 of the
referenee-applieation) may be connected to terminal 39
of the present Fig. 5, and the 1’s Transfer Bus (Fig. 32
of the reference application) may be connected to ter-
minal 40 of the present Fig. 5. A delay line of appro-
priate time characteristics may be inserted in series with
terminal 40 to insure the simultaneous arming and inter-
rogation of gate 43.

- Means are shown in Fig. 5 for manually entermg d1g1t
signals and clock pulse signals. A first key 120 is first
depressed when entry of a digit “1” is to be set up. Key
120 1s adapted, when depressed, to partially complete a
circuit from a source of gate-arming potential -}-C to

the input terminal 40. Key 120 has an arm 121 overlying

an arm 126 of a second key 125 which is spring urged
When key 125 is fully depressed
it completes the circuit from --C to terminal 40 if key
120 1s in its depressed position, and irrespective of the
position of key 120, it completes a circuit from a power
source --B to the clock terminal 39. Depression of key
120 partially depresses key 125 through arms 121 and
126. When the value which has been set up is to be
entered, key 125 is fully depressed and connects source
4B to terminal 39, thereby applying a clock pulse to the
circuit. Key 120 remains depressed, and key 125 also
completes the circuit from 4-C to terminal 40, thereby
arming gate 43 for entry of a digit “1.” When key 125
is released, both keys are raised. Key 125 is maintained
depressed until gate 43 is interrogated in the manner
previously described. Entry of a digit “0” is accom-
plished by depressing only Ley 125, in which case a clock

- pulse is entered but gate 43 is not armed, and no digit

signal is transmitted by that gate.
A “eomplement tube shift register embodlment of the
present invention is shown in FFi ig. 7. Two glow discharge

tubes are, in effect, conneeted in parallel (e.g. connection

76) except for their respective transfer electrodes 74 and
75. Each transfer electrode 74 and 75 is connected for

While the readout means

For example,

‘To accomplish this, an output device
‘positioned to detect a glow supported by electrode 6(1)




etiergization: by: respectwe htg‘t frequency: generators 7% .

and 73. Generator 72 is-controlled by a: U's input at. a.
terminal 70; generator 73 is controlled by a:0’s input at.
a-terminal 71. The shifting circuitry connected to ter- -
| _-'mmals 61 may be 1dent1cal to that of th 5 heretnbefore _

descrtbed

The digit to be entered: tnto the shtfttng reglster m;:

any given digit interval will, of course, be either a1 or a

0 as represented by a keymg pulse at either terminal 70

~or 7%. A keying pulse at terminal 70 keys. generator 72

10

to-energize transfer electrode 74, thereby, initiating a glow -

at-the first holding electrode- of the lower: (or 1's) tube,

_charaCtens
o Wﬂl then create the illusion of writing.

- glow: discharge po51tlons
- discharge - pattern' in each tube, the resulting composite
‘glow: pattern may form

trode pairs.

pronresatve excttatton of the glow posmons'v
A more elaborate exatnple is an arrangement of horl-:

zontal stratght tubes in an array with vertically. aligned
By entering the proper glow

‘selected characters or figures.
It should be noted that in the embodiment shown: in.

"'_Flg 8, balanced feed is' employed from the high fre-

quency generator-output terminals 61 and 62 to the elec-
The use of balanced feed is helpful in re-

- ducing high frequency radiation from the system. Also.

‘in the manner previously explained. Likewise, a 0s key-. -'
~ ing pulse at terminal 71 causes a- glow to be entered. in

tlie- first holding electrode of the upper. (or Os) tube

15

Note that when a glow discharge is held in a given p051-

tion of one tube, a no-glow condition exists 1n the corre-

sponding: position of the other tube. For example, as-

sume that the binary word 1001 is entered into the reg-

1ster.
no-glow,

0’s' tube is: no-glow, glow, glow, no-glow:

oufput terminals 78 and 79. -
A distinct advantage of the complement tube arrange-

'The glow pattern of the 1°s tube is: glow, no-glow,.
glow The corresponding glow pattern: of the:
The: glow:.
patterns in the two tubes shift together and. are:read out
by respective: glow detectors 77 and 77a onto a patr of:'

20 glow discharge shtfttng tube. -

'_s.tgn lighting,

to be noted is that while electro-mechanical 5W1tch1ng
and a.particular electrode structure are described in this.
sign-lighting embodiment of the present invention, it is -

obvious that other switching and electrode arrangements,
for. example, those of th 5, may also be employed for. -

1llustrated  1n ths 10 and 11 is _l_l_eltca_l._ fortn-of. a
Such a tube offers par-

- ticular advantages as a shift register since its electrode:
- structure especially is. simple to construct, and the heltcal; |

form greatly reduces the overall length needed for a gtyen;

- “bit” capacity,. thus, resulting in a very compact unit.’

Q5

Tube 90 may be, for example, a one-eighth inch Pyrex

glass tul:un«fr wound: in. a helical -form of one-half inch:.

~ ment is that the loading on the shifting and - holding

generators 15 constant.

position of the other tubes.

the design of the high frequency generators:.

- The 0’s input- to terminal 71 may be controlled by:
keys as shown in Fig. 5, or it. may be received from a.
Transfer Bus shown in:

computer, such as from the 0%
Fig. 32 of the prewonuly menttoned appltcatton Sertal

_No 458.,473.

In order to further 1 1mprove the operation: of the circuit.
shown in Fig. 7, the two tubes may. be constructed as 40
one tube, for example by joining them at their righthand.
‘This arrangement assures uniformity- of gas pres-

~sure in both brancnes and therefore greater. umformny*

ends.

of ‘operation.

“Figs. 8 and 9 illustrate an embodlment of the present;
1nvent1on which is particularly suitable . for SlgII ltghtlng
~ This embodiment also illustrates that existing neon signs: .

- and the like may be converted to take advantage of dis--
crete glow shifting by external electrodes. to. produce:
‘Tube 80 may be, for eaarnple an
existing neon tube forming a “frame” around: a sign or
~ Pairs of electrodes 81

‘many novel effects.

- window  in ‘well-known fashion.
are cemented to the tube 80 to form discrete: glow dis-

- charge positions.

by: a switch 83 for initiating a glow discharge- at a pair -
of electrodes 88 pos:ttloned to- prime one of the electrode.
~ pairs 81. Electrode pairs 81 are connected in the se-:
quenttally alternate arrangement hereinbefore. described

A htgh frequency generator 83 1s keyed.- |

This may be understood: by Te-
calling  that when a glow exists in a given position of
one tube, a no-glow condition exists in the corresponding:
With constant loading, the
regulation requirement is less severe, and this snnphﬁes:

30

inside diameter.

_ ‘The number of turns of the helix in
the tube shown in Figs. 10 and 11, is equal to number
of bits of register capacity. SiX strips or bands are looped

longitudinally around the turns of the helix to form -
‘equally spaced. electrodes |
charge. channel may be formed by a helical groove along

- Alternatively, the gaseous dis-

 the surface of, for example, a glass or ceramic cylinder.
- In this case the electrodes wouid lay longitudinally along.

35

the outside of the cylinder. Alternate electrodes 2(1),.

'2(2), and 2(3): are the common. electrodes and are con-: '.

nected together and grounded. Holding electrode 6 and:
shifting electrodes 4 and 5 are connected by respective

~leads 10, 8 and 9 to shifting circuitry as shown in Fig.

5,. previously described. Likewise, stabilizing electrodes.

22-and transfer electrode 21 are snmlar in structure and.

- function to.those shown in Fig. 5. A glow discharge in.

the helical tube shown adyances by one turn of the helix
o durtng each digit interval or Shlftlflg cycle.

The helical.
tube. is: essenttally a “rolled-up” axial field: de31gn, and 1ts

"~ operation is similar to the: a:xral field version of Fig. 5

- previously described.

It should be noted that a larger

- diameter helix: may: be nsed and a plnraltty of holding:

5()-

and are sequentially energized for shtfttng the glow dis- - |

-~ charges by a high frequency generator. 86. connected to
- the electrodes through a double-pole, three-contact rotary:

60

switch 87.  Switch 87 can be- drwen in. any convement-sl.;_ |

‘manner to give the desired shifting speed’ within limits:

determined, in part, by the diameter of tube 80. A series

of switch contact segments 89 provide the necessary dwell-
By aelectwely timing:
the operation of switches 83 and 87, a. progression of glow

time for each set of electrodes.

65

another as described. For example,
‘electrodes: 6. are. used, the glow discharge will advance by
- one. thlrd of: one turn of the heltx durtng each  shifting

| 55

Ccally; a

‘and shifting electrodes may be connected in arrays and.

arranged ‘about the helix.  Each cycle of operation will
shift a glow discharge from one holding electrode to:
if threeholding,

cycle.. |
- Computers are, generally, ttme base machmes Typt---__
continuous train of clock pulses is generated
and. sent to: all the main units of a computer, the clock:
pulses serving:to synchronize the operation of the various:
units.. It has been described previously how clock pulses:

| apphed to.terminal ‘39 (th 5) initiate a shifting cycle:

of a gaseous discharge. shift register. A clock pulse

train thus causes a continual shifting of the information

- in the register.
s necessary to either read out the information to a uttltza-

To avoid the loss of the information, it

- tion: . ¢ircuit, or stop: the clock. pulses at an approprlato-
 point:and permit the. holdlng electrodes to statically main-

discharges can be propagated along the tube at'a visually.
perceptible speed or at a higher-speed to give the effect: -

of continuous flow in. the tube. Novel ef

a slow: shift;

~ Among other posmble novel efects are the: followmg o
i

Tube 80 can be formed in-the conﬁguratton of wrttten

ffects can also 7T
be produced by using ‘contact -segments. of different.
lengths, thus: gwmg, for example a fast shift followed by

‘tain. the glow: pattern or recirculate the information.
12 shows a circuit.in block form for recirculatmﬂr prese*lt-
- information: in; a- shifting register.

Fig.

- A pair:of ‘gates 102 and 163 are- controlled respectwely?-

o by the set: and: reset. outputs of a:trigger circuit 161; 1.e.,-

when trigger: circuit is set, gate- 102:1s armed and gate:

"'103 is: unarmed; when trtgger circuit 161 is: reset;, the-_t-

reverse condition obtains. = Therefore, one and only ong:
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pate 102 and 193 is armed to pass a signal at any one

time. The previously described signal input terminal 40
is connected to the input of gate 103, and receives 1’s
pulses representative of new information. If gate 103
1s armed, a digit 1 pulse applied to terminal 40 passes
through gate 103 for energizing the previously described
generator 3¢ to thereby enter a glow discharge into the
register 100 in the manner hereinbefore described.

A lead 169 connects the output of a photo-pickup 111
to the input of gate 192. If gate 102 is armed, it frans-
mits the output pulses from the photo-pickup to gen-
erator 30 to thereby re-enter the output information.

The recirculation circuit is controlled through a pair
of terminals 1¢7 and 108 connected, respectively, to the
reset and set inputs of trigger circuit 161. A pulse on
terminal 107 resets the trigger circuit to arm gate 103,
thereby conditioning the circuit to receive new informa-
tion. A pulse on terminal 108 sets the trigger circuit,
arming gate 102 and causing the present information to
recirculate. The Inputs to terminals 107 and 108 may
be controlled by selectively connecting these terminals to

a power supply through simple switches (not shown), or

they may be controlled from automatic timing or control
outputs of a computer or other control device.
A recirculation system of this kind is also applicable
to sign lighting where a glow pattern may be selectable
recirculated or altered.

The invention claimed is:

1. A gaseous glow discharge device comprising: an
clongated envelope containing an ilonizable medium; a
common electrode. external of and adjacent to said en-

velope; an external starting electrode located across said

envelope from said common electrode; first and second
arrays of external shifting electrodes and an array of ex-
ternal holding electrodes, arranged in alternating se-

quence along said envelope, and located across said en-
velope from said common electrode; a selectively oper-

10

15
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29
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39

able circuit for energizing the starting electrode to initiate

glow discharges in the envelope between the starting elec-

- trode and the common electrode; and a cyclically. operable
circulf for sequentially energizing the respective first and
second arrays of shifting electrodes and the array of
holding electrodes for advancing each initiated 'glow along
the envelope.

2. A gaseous discharge device comprising; a channel
having therein an ionizable medium; a common electrode
along said channel; a starting electr-ode in glow-initiating

relation to said common electrode; means for applying

a high frequency potential to the starting electrode to
thereby initiate a glow discharge; a plurality of first shift-
ing electrodes in glow-sustaining relation to said common-
electrode; means for applving a high frequency poten-
tial to said first shifting electrodes to thereby capture a
glow discharge from said starting electrode; a plurality
of second shifting electrodes in glow-sustalmng relation
to said common electrode; means for applying a high
frequency potential to sald second shifting electrodes to
thereby capture glow discharges from said first shifting
clectrodes; a plurality of holding electrodes 1in glow-sus-
taining relation to said common electrode; and means for
applying a high frequency potential to said holding elec-

trodes to thereby capture glow discharges from said

second shifting electrodes.

3. A gaseous discharge glow shifting device compris-
ing: a channel having therein an ionizable medium; a
common electrode adjacent said channel; a stabilizing
electrode opposite said common electrode; a plurality of
electrically connected holding electrodes spaced along
said channel opposite said common electrode; a transfer
electrode opposite said: common electrode and located
between said stabilizing electrode and one of said hold-
ing electrodes; a respective first and second shifting elec-

trode positioned between each two successive holding
electrodes and opposite -said common electrode; means
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maintain a glow discharge in said channel and adjacent
the stabilizing electrode; means for periodically energiz-.
ing the holding electrodes; selectively operable means-
for energizing the transfer electrode in timed relation to

~ the energization of the holding electrodes to propagate

a glow discharge in said channel from the area adjacent.
the stabilizing electrode to the area adjacent one of said
holding electrodes; and means for alternately energizing
said first and second shifting electrodes in timed relation
to the energization of said holding electrodes for shift-
ing each glow in sald channel from the area adjacent
one holding electrode to the area ad]acent the next suc-
ceeding holding electrode. J

4, A gaseous discharge device compnsmg a channel
containing an ionizable medium; means for continually
maintaining a stabilizing discharge at a given position in
said channel; means defining a plurality of discrete glow
discharge positions; means adjacent said stabilizing glow
discharge for priming one of said glow discharge posi-
tions; means for establishing an information representing
glow discharge separate from said stabilizing discharge at
said primed glow discharge position; and shifting means
positioned between said discrete glow discharge positions
for shifting information representing glow discharges

from one discrete glow discharge position to another.

5. A gaseous discharge device comprising: a channel
having therein an ionizable medium; a common electrode
extending along said channel; means for maintaining.
a glow discharge in a predetermined area of said channel;.
a plurality of normally energized holding electrodes in.

glow-sustaining relation to said common electrode; sep-
‘arate means adjacent said maintained glow discharge area.
selectably priming one of said holding electrodes; a.

respective first and second shifting electrode positioned
between each two successive holding electrodes and in
glow-sustaining relation to said common electrode; a.
cyclically operable circuit for pericdically (1) de-energiz-
ing said holding electrodes, (2) sequentially energizing
said first and second shifting electrodes, and (3) re-ener-
gizing said holding electrodes, to shift each glow dis-
charge from one holding electrode to ancther.

6. In a gaseous discharge shift register, the combina-
tion of: a channel containing an ionizable medium;
first, second and third juxtaposed arrays of electrodes
adjacent said channel defining a plurality of discrete glow
discharge positions, each group of three of said electrodes:
corresponding to a respective order of a binary word; and
means for establishing a pattern of glow discharges
representative of said word, said means including a

cyclically operable circuit connected to said first, second,

and third arrays of electrodes for sequentially applying.
a high frequency potential to said clectrodes for shift-
ing the pattern of glow discharges by one order during
each cycle of operation of said circuit.

7. A discharge shifting device comprising: an envelope
containing, an ionizable medium; a plurality of iterative
arrays of external electrodes adjacent said envelope de-
fining a plurality of discrete discharge positions; mput.
means for establishing a pattern of discharges in said
envelope; means for supplying high frequency energizing
potentials to said arrays; and means for altering the.
energization of said arrays in a predetermined sequence
for shifting the entire pattern of discharges.

8. In a gaseous discharge device, the combination of:
an elongated envelope containing an ionizable medium;.
a pair of internal stabilizing electrodes positioned at one
end of said envelope; a plurality of external common elec-

trodes spaced along said envelope, the first common elec-

trode being located adjacent said stabilizing electrodes;
an external transfer electrode positioned between the first

two common electrodes; a plurality of external first shift-

ing electrodes successively positioned between the third
and fourth, and each third succeeding overlapping pair of

common electrodes; a plurality of external second shift-

for continuously' energizing said stabilizing electrode to 75 ing electrodes successively positioned between the fourth
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and ﬁfth and each- third succeedmg overlappmg pair- of

common electrodes; a: plurality: of holding: electrodes: suc-."
cessively positioned betweer: the second and third, and:
each third succeeding overlapping pair of common elec-
trodes; means for continuously ener gizing - tlie- stablllzmg;-'
electrodes to- maintain a - stabilizing glow. discharge in-

the envelope in the area of the stabilizing electrodes;

14

'.rahty of e‘{terne.l electrodes disposed lon 1mdmelly along-;

- the turns:of said envelope in.60. degree. relatlonshtp com-

‘means for periodically energizing the holding electrodes;

a selectively operable circuit for energizing the transfer

electrode in timed relation to-the energization of the hold— :

-ing electrodes to propagate a glow discharge in said en- -
velope from the area adjacent the stabilizing electrode to:
the area adjacent a first one said holdmg electrodes and

‘means for e,ltf::rl:teltel}r energizing- said first and second:

shifting electrodes in timed relation to the energization of:
said holding electrodes for shifting each glow-in said en-
velope from the area adjacent one holding. electrode to
the areca ed]aeent the next succeeding holding electrode.

9. An-electrode arrangement for a gaseous discharge:

~ device comprising: an elongated envelope having ‘therein:

~ an ionizable medium; a plurality of electrodes spaced
~ along- said envelope, each forming an external band:
~around said envelepe and collectively eonstltutmg acom- -
mon electrode; and a plurality of energizing. electrodes: charges . including a circuit connected. to said arrays for:
. each forming an external band around said envelope; each:
1nterposed between the electrodes: constituting: said’ com-

mon electrode and connected in sequentlelly alternatee?f.

arrangement to form a plurahty of arrays.

envelope containing an ionizable medium; first, second
and third juxtaposed arrays of electrodes: adjacent said

~ prising; in the order named, a first: common: electrode, a
first shifting electrode, a second common electrode;. a
. second shifting electrode, a third common elecirode, and |

a holding electrode; a connection between each com-

‘mon - electrode and giound means for: establishing a.

pettern of glow discharges in said envelope to representz |

. a first value by the presence: of a glow in a given turm

10

of: the helix, and a second walue by the. absence of a;

| 'glow in a given turn of. the helix; means for normally.-_"
- energizing said holding electrode and a eyellcally oper-g_' |
'iable circuit for. temporerﬂy de-energizing  said. holding

_electrode, and for energizing said first and second shift:

15..

'20’:-

ing electrodes: in timed relation to- the de- energlzatlon.

of the holding electrede, to. shifi said pattern of- glow.
" discharges by one hehcal turn durmg each cycle of opera-.
tion of said circuit. |

150 A gaseous . d1<=eﬁarge ehdftmg devlce eomprlsmﬂ'

an-envelope containing an ionizable medium; first, sec-

~ ond and:third iterative arrays of external eleetrodes ad-:

25
- .device: for: deteetmg ea1d pattern of glow discharges.

~jacent said envelope: and in operative relation to grounded
eleetrodes means for: establishing a pattern. of glow. dis-

sequentially shifting  said - pettern and 2 photo—eleotrlc.

16.1In a gaseous discharge shift register, the. combma-:.

o tlon of “an envelope containing an. ionizable medium;

envelope and defining a . plurality of discrete glow: dis:.

charge positions each non-overlapping group of three of -

said positions corresponding to a respective order of a

binary ‘word; means for establishing a pattern of glow:
discharges-in said envelope representative of said word; =
and’ energizing means eonnected to- satd eleetrodes for:z |

- shifting said pattern.

11. In a gaseous dlscherge dwme the eombmahon of .
a- pair of adjacently positioned elongated envelopes con-.
taining an iomizable medium; a plurality of first shifting

351

f. 40:

~electrodes spaced along said envelopes, each forming an

external band around both envelopes; a plurality of sec-

around said envelopes in juxtapoemon to said first shift-
ing electrodes; a plurality. of holding electrodes, each

~ forming an extemel band around said envelopes in juxta-
“common:

position- to said second shifting electrodes; a

.of glow discharges: representative of said word,

- 10. A gaseous dlscharcre shift I'ﬁ“'lStEI' COHIPI'lSlIlg an -I'.ﬁI'St SECOHd and: third ]uxtaposed arrays Of electrodes,; _.

30

adjacent said- envelope defining a plurahty of discrete:
glow discharge positions, successive: non-overlappmg |

‘groups of three electrodes eorres;:ondmg to - respective.

orders of a:binary word; means for establishing a pattern

means including a cyclically: operable- circuif eonnected";
to. said’ first, second and -third arrays of electrodes for.

- sequentially applying a high: frequeney potential to said.
 electrodes for-shifting the pattern; of glow discharges: by
 one binary order during each cycle of operation of said.

circuit; and: readout méans-for deteetmg glow dlsc‘targes;
- at: one of said glow dlscharge posmone | .

17.' A glow discharge shift register- eomprismﬂ ﬁrst;

and second register channels containing an lonizable me-

~ond shifting’ electrodes, each forming an external band ~ dium; means: for- entering a first glow: pattern represen-

45 register channel; means for entering a. second. glow pat-

tative. ofi the true- form of a binary word into said first

~tern representative: of the complement of said binary.

electrode positioned between each two- successive shift- .

ing and holding electrodes; means eonneetmg all: of said "

common electrodes to a source of reference potentlal |

,"tImed relation. -
12. The gaseous discharge device deﬁned in. claIm 11

wherein said envelopes are ]omed to contam a oommon- i

ionizable: atmosphere

13. In:a gaseous. discharge shift reglster the eombma? -
tion- of: an elongated envelope in helical form and con-
taining an lomnizable medinm; a pair of external shifting

electrodes and an external holding electrode disposed
 longitudinally along the turns of said helix; means for

establishing a selected pattern of glow dlseharges in said
envelope means normally eperative to energize said hold-
ing: electrode; and a eyeheally operable - circuit for se-
quentlally de-energizing said holding electrode and for
energizing said shifting electrodes seriatim to shift said -
pattern of glow discharges a predetermined distance: along
said envelope durmg eaoh cyele of operatlon of sa:d
circuit. | |

o 14 In a gaseous dlsoharﬂe sh1ft reg1ster the oomblna.- --
o 1_*{ - tion of: an elongated envelope in helical form and con-
""'-i'i-'talnmg an ionizable medium wherein each turn of the

--75

hellx eorresponds to a glow d1seharge posmon a plu—-

. 55

" word" into: said- second register channel; and means. for
jmmultaneously shlftmg said ﬁrst and second glow: pat-

- ferns.

50°
and a cyclically operable circuit for sequentially energiz-

“ing the first shifting- electrodes, the second smftmg elec-
trodes and: the l:loldmﬂr eleetrodee, __11 f'roups and in mutual:

60

18.. The Shlft reg1ster deﬁned in. ola:lm 17, Wherem;-'

said first and second: channels- are formed. of a single :
: envelope to contain, a common ionizable medium.

-19:; The shift register defined.in.claim 17, whereui sald:l. '

s ehannels are formed of envelopes containing-an ionizable.
medium: and wherein said shifting means. includes. elec~

- trodes; all of whleh are located externally of ‘said- en-.:
velopes. | -

20, In e dewoe for regtstermg blnary Words the eom—-

bination of: first and second channels each containing
an 1omzable medium; a plure,llty of electrodes associated,
~ with both of said. ehannols and disposed. in: operative

“relation thereto for defining a plurality of discrete glow
| _dlseharge positions; respective input means for. entering
. into said channels mutually eomplementary glow pat-

65

terns. representative of: a binary. word; and a cyclically. o

| operable drive. circuit connected to said electrodes for

0

o gated envelope eontalmng an. lomzable medtum ﬁrst -

‘energizing the latter to ordmally sh1ft the glow patterns .
“in both.of said. channels in unison. |

- 21. The device defined in-claim, 20, Wherem S&Id first
and second channels are formed of a smgle envelope |
- 22. A gaseous d1scharge ‘device comprising: an elon-

sequentlally alternete arrangement ad] aoent said. tube'
meens for eetabhshmg a pattern of . glow-f dleoharge,s 15

said,
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sald envelope; a high frequency generator; and means
for sequentially connecting said generator to each array
for shifting said gl{}w discharge to successive electrode
pairs.

23. An information registering device comprising: a
channel centaining an ionizable medium; first, second,
and third juxtaposed arrays of electrodes adjacent said
channel defining a plurality of discrete discharge posi-
thIlS each group of three of said electrodes correspond-
ing to a respective order of a binary word; input means
for establishing a pattern of discharges representative of
said word In said channel; a cyclically operable circuit
connected to said first, second, and third arrays of elec-
- trodes for sequentially applying a high frequency poten-
tial to said electrodes for shifting the pattern of discharges
by ome order during each cycle of operation of said cir-
cuit; output means for sequentially detecting the discrete
discharges of said pattern; an information transmitting
connection between said output means and said input
means; and means for enabling said connection for re-
entering said pattern of discharges into said channel.

24. In a gaseous discharge system, the combination of:
~ an envelope containing an ionizable medium and having
‘no Internal electrodes; a plurality of external electrodes
connected to form a plurality of arrays disposed adja-

cent said envelope 1n sequentially alternate arrangement

and defining a plurality of glow discharge positions;

‘means for initiating a glow discharge in said envelope;

and cyclically operable means connected to said arrays
of electrodes for sequentially shifting the glow discharge
from one of said glow discharge positions to another one
of said positions, | -

25. A gaseous discharge device comprxsmg an enve-

lope confaining an ionizable medium; a plurality of hold-
mg electrodes and a plurahty of first and second shift-
ing electrodes arranged in iterative arrays along said
envelope ‘and external of said envelope and defining a
plurality of value representing glow discharge positions;
separate means for selectable priming one of said hold-
ing electrodes for entering glow discharges into said en-
velope; means for normally energizing said holding elec-
trodes for establishing a glow discharge at said selected
holding electrode; and a cyclically operable circuit for
sequentially de-energizing said holding electrodes and
~ for energizing said first and second shifting electrodes in
turn for advancing each entered glow discharge from
one value representing position to a successive value rep-
resenting position during each cycle of operation of said
circuit. | | S
26. In a gaseous discharge shifting device, the com-
bination of: an envelope containing an ionizable. me-
dium; a plurality of external electrodes connected to de-
fine a plurality of glow discharge positions; means for
initiating a glow discharge at a selected glow discharge
position; and means connected to said external electrodes
for sequentially shifting said glow discharge from one
of - said glow charge positions to another one of sald
- positions. |
27. A gaseous dlsc:harge device comprlsmg a channel
having therein an ionizable medium; a plurality of elec-
trodes connected in iterative arrays and positioned in
glow sustaining relation to said medium; input means for
establishing a pattern of glows and no-glows in said chan-
nel; shifting control means; at least one energizing po-
tential generator; and a circuit connecting satd genera-
tor to said arrays and controlled by said shifting control
- means for shifting the entire pattern of glows and no-
glows along said channel. -
28. A gaseous discharge device as defined by claim 27,

and wherein said energizing potential ﬂenerator cOm-

prises a high frequency generator. 3
29. A gaseous discharge device compnsmg a channel

having therein an ionizable medium; glow holdlngrmeans

defining ‘a plurality of discrete glow discharge positions
along said channel, means for establishing a selected ;
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pattern of glows and no-glows at said glow discharge.
positions; shifting means positioned between said glow
discharge positions; at least one high frequency energiz-
ing potential generator for supplying energizable poten-

tials for said holding and shifting means; and means

for controlling the application of said energizable poten-

tials for shifting said pattern in said channel. __
30. An information registering device comprising: a

channel having therein an ionizable medium; a plu-
rality of holding and shifting electrodes arranged in
iterative arrays along said channel and defining a plu-
rality of discrete ionizable positions; a high frequency
energizing potential generator; means for normally ap-.
plying the high frequency energizing potential to said.
holding electrodes; input means for establishing ioniza-

tion at selected holding electrodes to form an informa-
tion representin pattern; and a circuit for sequentially
de- energlzmg sald holding electrodes, mc}mentarﬂy en-
ergizing said shifting electrodes and re-energizing said
holding electrodes for shifting said pattern.

31. An information registering device comprising: a':
plurahty of ‘holding and shifting electrodes arranged in.
extended iterative arrays, including an array of holding.

 electrodes and at least two arrays of shlftmg electrodes:
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means forming a common electrode spaced in dls_charge
sustaining relation to said iterative arrays; an ionizable
medium between said means and said arrays; a normally
operative high frequency energizing potential generator;
means connecting said generator to said array of holding

electrodes; means for initiating ionization at at least one
of said holding electrodes; means for temporarily de-

energizing said array of holding electrodes; and a circuit

operable in timed relation to the de-energization of said
array of holding electrodes for sequentially energizing

the arrays of shifting electrodes to advance said 1oniza-

tion from one holding electrode to another during each -

cycle of operation of said cyclically operable means.
- 32. An information registering device comprising: a
plurality of holding and shifting electrodes connected in
a sequentially alternate arrangement to form a plurality
of iterative arrays with each adjacent pair of electrodes

positioned in priming relation to one another; means
forming a common electrode spaced in discharge sus-

taining relation to said arrays; an ionizable medium
between said means and said arrays; means for initiat-
ing a discrete ionization at each of a selected plurality
of said holding electrodes; at least one high frequency

energizing potential generator; and means for applying
said energizing potential to said arrays including means

for altering the energization of said arrays in a prede-
termined sequence for advancing each mmzatlon to a

successive holding electrode.
33. An information registering device comprlsmg an

elongated envelope containing an
plurality of external electrodes disposed adjacent said

envelope to define a plurality of discrete ionization sus-

taining positions; means for initiating ionization at at
least one of said positions; and cyclically operable means
connected to said external electrodes for sequentially
shifting the 1ionization from one of sald positions to

another.
34, An information registering device cnmpnsmg a

channel having therein an ionizable medium; a plurality

of electrodes disposed adjacent said channel to define
a plurality of discrete ionization positions; means for
enterine information into said channel comprising means

for initiating ionization at at least one of said positions;

at least one high frequency energizing potential genera-
tor for supplying energizing potentials to said electrodes;
and a cyclically operable circuit for altering the. ener-
gization of said electrodes for shifting each discrete
lonization from one of said positions to another. -

35. An . information registering device cempmsmg a .

channel. havmg therem an ionizable medium; a plurallty
of electrodes disposed adjacent said channel to deﬂne

an ionizable medium: a

- - —— e e el e — ———— e e ————
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a plurality of discrete ionization sustaining positions;
energizing potential generating means for supplying en-
ergizing potentials to said electrodes_; a selectably oper-
able input circuit for initiating ionization at selected-
ones of said positions for establishing a pattern of ioniza- 5
tions representative of the information to be registered;
- and a cyclically operable circuit for altering the ener-
~gization of said electrodes fm shlfting said patter along .
said channel . | '-
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