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This invention relates to storage devices and inore 
particularly to a novel gaseous discharge tube of the 
glow transfer type for effecting the storage of positive 
and negative values. 
One such storage or counting device of the prior art 

provides a first glow transfer path and effects a step-by 
step transfer of the glow discharge therealong in one 
direction to effect storage of positive quantities. A second 
glow transfer path is provided in glow transfer relation 
to the first to effect the storage of negative quantities. To 
effect such storage the glow discharge is transferred to 
the second path and transferred therealong in a step-by 
step fashion in a direction opposite to the glow trans 
fer along the first path. Such a tube, therefore, effec 
tively substracts by counting backwards. 
A device which stores a decimal digit and which con 

verts the stored digit to the complement of that digit upon 
reception of a signal is a self-complementing device. A 
counter having this feature eliminates considerably ex 
ternal circuitry normally required to read out balances 
of either sign properly. 
Another object is to provide a novel storage tube of 

the glow transfer type for storing positive and negative 
quantities wherein both the positive or negative quantities 
are entered in true form. 

Another object is to provide a novel self-complement 
ing storage tube of the glow transfer type wherein the 
self-complementing feature of the tube is utilized just 
prior to and after entries of one sign are stored and is 
not utilized when entries of the other sign are stored. 
Another object is to provide a gaseous glow transfer 

type counter tube for effecting addition and substraction 
in response to the transfer of a glow discharge in one 
single direction along a single glow transfer path wherein 
the amount stored in the tube is complemented before 
and after each addition. 
A further object is to provide a gaseous glow trans 

fer type counter tube for effecting addition and sub 
traction wherein a single glow transfer storage path 
having a pre-selected number of stable glow discharge 
positions therealong is provided and means are included 
within the tube for effecting glow transfer from any stable 
glow position to another, non-consecutive therewith, when 
the next subsequent arithmetic operation is different from 
the last; i. e., when addition is followed by substraction 
or vice versa. 
A still further object is to provide a gaseous glow trans 

fer type counter tube for effecting addition and sub 
traction wherein a single glow transfer storage path is 
unidirectionally traversed in a step-by-step fashion, from 
one digit representing stable position to another, to effect 
both addition and subtraction in turn, and means are 
provided for effecting, just prior to changing from one 
arithmetic operation to the other, the transfer of the 
glow discharge to another stable position representing 
a pre-selected complement of the value then stored. 
Another object is to provide a self-complementing tube 

of the glow transfer type wherein both addition and sub 
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traction may be performed by effecting glow transfer in 
a single direction along a single glow transfer storage 
path. 

Other objects of the invention will be pointed out in 
the following description and claims and illustrated in 
the accompanying drawings, which disclose, by way of 
examples, the principle of the invention and the best 
mode, which has been contemplated, of applying that 
principle. 

In the drawings: 
Fig. 1 is a diagrammatic showing of one embodimen 

of the invention, 
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Fig. 1a is a view along a-a of Fig. 1 showing a cross 
section of a portion of the electrode structure. 

Fig. 2 is a circuit diagram of a circuit element usable 
in practicing the invention, 

Fig. 3 is a circuit diagram of an accumulator employ 
ing the invention, - 

Figs. 4, 4a, 4b, 4c and 4d are a diagrammatic illus 
tration of one read card controlled mechanism to operate 
the accumulator of Fig. 3. 

Fig. 5 is a pulse diagram illustrating the operation of 
the circuit of Fig. 3 in response to mechanism in Figs. 
4, 4a, 4b, 4c and 4d. , - 

Fig. 6 is a diagrammatic showing of another embodi 
ment of the invention, 

Briefly, the tube in the invention is of the gaseous glow 
transfer type wherein a single glow discharge exists at 
all times within the tube. Ten digit representing cathodes: 
and ten transfer cathodes are alternately interspersed 
with one another to form a closed glow transfer path 
having ten stable glow discharge positions therealong ex 
hibited respectively by the existence of the glow discharge 
to each of the digit representing cathodes. A single anode 
is common to all cathodes. 
The formation of the cathodes shown herein and a 

detailed description of the transfer of the glow discharge 
is set forth in the application of Richard K. Steinberg, 
Serial No. 192,199 filed October 26, 1950, now Patent 
Number 2,621,313. The cathodes are each formed as 
open-ended cylinders having a coating of different ma 
terial on their inside and outside surfaces so that a glow 
discharge between any cathode and the anode will auto 
matically confine itself to the inside surface of the cathode 
at the open end nearest the anode as distinguished from 
existing at both the inside and outside surfaces of the 
cathode. A separate glow transfer wire designated t is 
connected at one end to each of the cathodes and has its 
other, or free end, extending into the space between an 
other cathode and the anode so that when a glow dis 
charge exists between the latter cathode and the anode 
and the voltage difference between the latter cathode and 
anode is sufficiently less than that between the former 
cathode and the anode the glow discharge is transferred 
from the latter cathode via the transfer wire to the former 
cathode. Each cathode has one transfer wire connected 
to it and another transfer wire extending into the space 
between that cathode and the anode so that a continuous 
closed glow transfer path is formed with each of the 
enumerated cathodes forming a terminal for the glow 
discharge as it traverses this path. Each input pulse 
is actually applied simultaneously to each of the trans 
fer cathodes so that each such pulse will cause a trans 
fer of the glow discharge from one digit representing 
cathode to an adjacent transfer cathode and then to the 
other digit representing cathode adjacent to that trans 
fer cathode. Hence, when a glow discharge exists to 
a digit representing cathode it may be referred to as 
being in a position of stable glow discharge. 
Ten similarly formed complement cathodes are pro 

vided and placed to be surrounded by the digit represent 
ing and transfer cathodes. Transfer wires connect these 
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complement cathodes into a preselected glow transfer 
relation with the digit cathodes. Glow transfer is pro 
vided for in either direction between each digit represent 
ing cathode and the other digit representing cathode 
which represents the digit which is the nine's complement 
of digit represented by the former. For example, one 
complement cathode is arranged to transfer a glow dis 
charge from the cathode representing the digit 7 to the 
cathode representing the digit 2 and another complement 
cathode is arranged to transfer a glow discharge from 
the cathode representing the digit 2 to the cathode repre 
senting the digit 7. All complement cathodes are com 
monly connected so that a proper voltage applied thereto 
will transfer the glow discharge from its stable glow posi 
tion to the other stable glow position representing the 
nine's complement of the first position. 
Each pulse to be stored is applied simultaneously to all 

the transfer cathodes and effects a transfer of the glow 
discharge to the next higher digit representing cathode. 
Output may be provided by any chosen digit representing 
cathode, for example, the cathode representing the digit 9. 
Sign indicating means are connected to be responsive to 
this output to indicate whether the value stored is positive 
or negative. Both positive and negative values are stored 
in true form. If positive quantities are to be stored the 
value already stored is complemented just prior to entry 
of the positive quantity to be stored and is again conn 
plemented after the positive quantity is stored. When 
entering negative values no complementing of the value 
stored is required. 

Referring more particularly to Figs. 1 and 1a, the tube 
includes ten digit representing cathodes D-0 to D-9, 
inclusive, representing the digits 0-9 respectively, ten 
transfer cathodes T-0 to T-9 inclusive, ten complement 
cathodes C-0 to C-9 inclusive, and a common anode A 
equidistant from each of the cathodes. The anode A is 
shown as a rectangle merely to clarify that it is equi 
distant from the cathodes and common thereto. 
Numerous transfer wirest are employed to effect trans 

fer of the glow discharge therealong from the cathode 
adjacent to their free end to the cathode to which their 
other end is attached when the appropriate voltage dif 
ference exists between the two cathodes. 
The anode A is connected through a resistance, not 

shown, to a suitable source of positive voltage indicated 
as terminal B--. The complement cathodes, C-0 to C-9 
inclusive, are connected together and to a terminal C. 
The digit representing cathodes D-0 to D-8 inclusive, are 
connected together and through a resistance, not shown, 
to a suitable source of voltage, less positive than B--, 
indicated as terminal DV. The digit representing cath 
ode D-9 is connected to an output terminal 20 which is 
connected through another resistance, not shown, to the 
same source of voltage to which the D-6 to D-8 cathodes 
are connected. The transfer cathodes, T-0 to T-9 in 
clusive, are connected together and to a terminal TV. 

For purposes of explanation it is assumed that in 
itially a stable glow discharge exists between the cathode 
D-9 and the anode A. When a negative input pulse to 
be stored is applied to the transfer cathodes from the 
terminal TV the voltage difference between the transfer 
cathode T- and the anode A becomes greater than 
that between the cathode D- and the ancde and the 
glow discharge is accordingly transferred along the trans 
fer wire attached to the cathode T-1 until it arrives at 
the cathode T-3. The glow discharge exists between the 
transfer cathode T-5 and the anode only so long as the 
input pulse remains negative. When this pulse goes posi 
tive the voltage difference between the transfer cathode 
T-1 and the ancde becomes less than that between the 
digit representing cathode D-1 and the anode. Accord 
ingly, the glow discharge is transferred from the cathode 
T-1 over the transfer wire attached to cathode, D- and 
extending intermediate the cathode T- and the anode. 
until it arrives at the cathode D-1. The glow discharge 
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remains in this stable position until the next input pulse 
is applied. . . . 
The next negative input pulse applied to terminal TV 

causes a similar transfer of the glow discharge from the 
cathode D-1 to the cathode D-2 via the transfer cathode 
-3 and the intermediate transfer wires. 
Similarly, the third input pulse causes the glow dis 

charge to be transferred to the digit representing cathode 
)-3. The fourth input pulse causes a transfer of the 
glow discharge from the cathode D-3 to the cathode D-4. 
Subsequently input pulses cause the glow discharge to be 
transferred to the cathodes D-5, D-6, D-7, D-8, D-9 
and D-0 in turn to complete the traverse of the glow 
transfer storage path. 
When the glow discharge arrives at the cathode D-9 

in response to the ninth input pulse this cathode goes 
positive. The cathode D-9 goes negative when the tenth 
input pulse is applied to cause the glow discharge to 
leave the cathode D-9 on its way to the cathode D-0 to 
complete the traverse of the glow transfer storage path. 
Hence, the output terminal 10 goes positive when nine 
digits have been stored in the counter and goes negative 
when storage of the tenth digit is begun. 

If the digit stored in the counter is in true form it may 
be readily converted to its nine's complement and vice 
versa by applying a negative pulse to the terminal C con 
nected to the complement cathodes C-0 to C-9 inclusive. 
For example, if a glow discharge exists between the digit 
representing cathode D-2 and the anode A and a nega 
tive pulse is applied to the terminal C the glow discharge 
will be transferred to the digit representing cathode D-7. 
When this pulse goes negative the glow discharge is trans 
ferred over the transfer wire connected to the comple 
ment cathode C-2 and extending intermediate the digit 
representing cathode D-2 and the anode A until it ar 
rives at the complement cathode C-2. When this pulse 
goes positive the glow discharge is transferred from the 
complement cathode C-2 over the transfer wire attached 
to the cathode D-7 until it arrives at the cathode D-7 
where it remains in a position of stable discharge until 
an input pulse to be stored is applied to the terminal TV 
or another negative pulse is applied to the terminal C. 
If another negative pulse is next applied to the terminal 
C a similar transfer of the glow discharge will occur to 
return it to a position of stable discharge at the cathode 
D-2. This transfer is effected from the cathode D-7 to 
the cathode D-2 via the complement cathode C-7 and 
the two associated transfer wires. 
On the other hand, if an input pulse to be stored is 

next applied to the terminal T the glow discharge will be 
transferred from the cathode D-7 to the cathode D-S. 
Hence, the input pulses to be stored may be in true or 
complement form and the value stored may be in true 
or complement form. Because of the self-complement 
ing ability of the counter both addition and subtraction 
may be correctly effected if the values are stored in 
true form in one case and in complement form in the 
other case. In all cases all storage is effected by glow 
transfer in the same single direction along a single glow 
transfer storage path. It will be appreciated from the 
Subsequent description that the form of the result is read 
ily determined from the occurence of carry or the out 
put of the separate counters or orders when several such 
tubes are used to form an accumulator. Specifically, if 
end-around carry occurs an even number of times during 
a given operation the result is positive and if it occurs 
an odd number of times the result is negative. 

Referring to Fig. 2 the trigger circuit is enclosed by 
dotted lines and is of the well-known Eccles-Jordan type. 
The electronic tube 12 has two triode sections referred 
to herein as the L and R tubes. The plate of each tube 
is connected through an appropriate resistor 13, to a 
terminal 14 to which a suitable positive voltage is ap 
plied. The cathodes are commonly connected to ground. 
A parasitic Suppressor resistor Í5 is connected to the con 
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trol grid of each tube. The control grid of tube R is also 
connected through capacitor 16 and resistor 17, in paral 
lel, to the plate of the tube EL and through a resistor 18 
to a terminal 19 to which a suitable negative bias voltage 
is applied. Likewise, the control grid of the tube L is also 
connected through a capacitor 20 and resistor 21, in paral 
lel, to the plate of the tube R and through a resistor 22 
to a terminal 23 to which a suitable negative bias volt 
age is applied. Input terminal GL is connected through 
a capacitor 25 and resistor 15 to the control grid of the 
tube L. Input terminal GR is connected through a ca 
pacitor 26 and resistor 15 to the control grid of the tube 
R. The plate of the tube R is connected to an output 
terminal PR and the plate of the tube L is connected to 
an output terminal PL. 

In operation, the trigger has two stable conditions 
alternately assumed. In one stable condition the tube R 
is highly conductive and the tube L is nonconductive. 
This stable condition is referred to herein as the Right 
condition. In the other stable condition the tube L is 
highly conductive and the tube R is nonconductive. 
This stable condition is referred to herein as the Left 
condition. 
When the various operating voltages are applied the 

trigger circuit will assume one of its two stable condi 
tions. However, if it is desired that the Right condition 
be initially assumed this may be assured by opening 
the lead connected to terminal 19 and subsequently 
closing it again. Similarly, the lead connected to ter 
minal 23 may be opened and closed if it is desired that 
the Left condition be initially assumed. Numerous means 
may be employed for initially setting the trigger circuit 
to one chosen stable condition and such does not con 
stitute part of this invention. For purposes of explana 
tion it is assumed that the trigger circuit is initially in the 
Right condition. 

Trigger circuits may be designed as desired to be 
more responsive to positive or negative input pulses 
applied to the control grids of its tubes. Trigger circuit 
T-15 is more responsive to negative input pulses, hence 
a similar positive pulse will not effect a switching of the 
trigger circuit to its other stable condition. If the in 
put terminals GL and GR are connected together and 
negative input pulses are applied thereto each such pulse 
will switch the trigger circuit to the other stable condition. 
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6 
tor shown comprises units, tens, hundreds and thousands 
orders. Each order includes a gas tube counter GC of 
the type described in connection with Fig. 1. The trans 
fer cathodes are designated as T, the complement cath 
odes as C, the digit representing cathodes D-0 to D-8 
inclusive as D and the cathode D-9 as D-9. Each cath 
ode D-9 is connected through a resistor 30 to a terminal 
31 to which a suitable voltage is applied and the cath 
odes D are connected through a suitable resistor 32 and 
switch 33 to the terminal 31. It is seen that if a glow 
discharge exists within the tube GC and the Switch 33 
is opened the glow discharge will thereafter exist be 
tween the anode A and the cathode D-9 and a closing 
of the switch 33 will not disturb this condition. 

In Fig. 3 the circuit elements used are shown in block 
diagram form. Each block diagram having four termi 
nals within the square is a trigger circuit of the type 
described in connection with Fig. 2. An x near the 
extreme right of square indicates that the trigger circuit 
is initially in the Right condition and means that the volt 
age at its terminal PR is low as compared to that at its 
terminal PL. If an x is near the extreme left of the 
square it indicates that the trigger circuit is initially in the 
Left condition and means that the voltage at its terminal 
PR is high as compared to that at its terminal PL. The 
trigger circuits shown are the add-Subtract trigger AS; 
input triggers ITTh, ITH, ITT, and ITU; the positive 
negative trigger TS for determining the sign of the result; 
and carry storage triggers CSTh, CSH, CST, and CSU. 
The rectangles having three terminals therein all repre 

sent electronic gates. These gates may comprise a single 
electron tube having at least two grids. Before the tube 
can be rendered plate current conductive, it is necessary 
that both these grids have at least a certain positive 
voltage applied to them simultaneously. These grids are 
represented by the terminals G1 and G2 respectively and 
the plate is represented by the terminal P. The rectangles 
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However, as shown a negative input pulse applied to the 
GL will switch the trigger circuit only from the Left to 
the Right condition and will have no effect on its stable 
condition when it is in the Right condition. 

switch the trigger circuit only from the Right to the 
Left condition and will have no effect on its stable con 
dition when it is in the Left condition. 

If a negative input pulse applied to the terminal GR 
decreases the voltage at the common grid of the condi- : 
tion tube R, the resulting increased voltage at the plate of 
the tube R is transferred through parallel connected ca 
pacitor 20 and resistor 21 to the control grid of the non 
conductive tube L to render it conductive. The result 
ing decreased voltage at the plate of the tube L is trans 
ferred through parallel connected capacitor 16 and resis 
tor 17 to the control grid of the tube R to render it still 
less conductive. This cumulative action is continued 
until the tube R is rendered non-conductive and the tube 
L is rendered highly conductive to place the trigger cir 
cuit in the Left condition. 

If a negative input pulse is now applied to the ter 
minal GL it will decrease the voltage at the control grid 
of the conductive tube L. Similarly, increased voltages 
will be transferred to the control grid of the tube R 
and decreased voltages will be transferred to the con 
trol grid of the tube L to switch the trigger circuit to 
the Right condition. Subsequent input pulses cause a 
repetition of the above switching action. 

Likewise, 
a negative input pulse applied to the terminal GR will 
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Referring more particularly to Fig. 3, the accumula- 75 

having two terminals therein are electronic inverters and 
may comprise any suitable electronic tube which will be 
rendered conductively responsive to produce a pulse at its 
output having a polarity opposite to that of the input 
pulse to which it responded. Such a circuit may comprise 
a triode amplifier wherein an input pulse is applied to its 
control grid and an output pulse is derived from its plate. 
The input and output terminals are designated respectively 
as G and P. Numerous other conventional electronic 
gates and electronic inverters could be employed in Fig. 3 
and since each is well known in the art further description 
is deemed unnecessary. 
The operation of the circuit shown in Fig. 3 will be 

described by conjoint reference to Figs. 3, 4, 4a, 4b, 4c, 
4d, 5 and 6 and solution of the example problem; 
23-39-3. In Fig. 5 the spaced digits and letters at the 
top indicate the cycle time corresponding to the entry of 
that digit or performance of a specified function in the 
accumulator of Fig. 3. Hence, the time the digit 2 is 
entered is referred to as 2 time, the time the digit 3 is 
entered as 3 time, etc. The letters and numerals outside 
the commutator shown in Figs. 4a, 4b. 4c and 4d corre 
spond to those of Fig. 5. The card shown in Fig. 4 con 
tains twelve positions in each column. These positions 
are labelled 12, 11, 0-9 inclusive, reading from top to 
bottom as shown. A single brush is provided for each 
column of the card. The card is fed as indicated by the 
arrow between the card brushes CB and the feed roll R. 
A suitable negative voltage designated B- is applied to 
the feed roll R through the brush 50b. Hence, as the 
card is fed between the brushes CB and the roll R and 
one of the brushes CB encounters a hole in the card that 
brush contacts the roll R and a negative voltage pulse is 
therefore transferred from that brush CB. The commu 
tators shown in Figs. 4a, 4b and 4c are all synchronized 
with the card motion and make one clockwise rotation 
each time a card is fed between the brushes CB and 
rol R. 
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If addition is to be effected, such is indicated in any 
desired column of the card by the presence of an 11 hole. 
On the other hand, if subtraction is to be performed, 
such is indicated by the presence of a 12 hole. Whether 
addition or subtraction is being performed the switches 
51s, 52s of Fig. 4c, switch 53s of Fig. 4d, and switch 54s 
of Fig. 3 are placed in the accumulate position. 

If read out of the amount stored in the accumulator 
is to be effected, these switches are placed in the other or 
read out position. The output terminals of Fig. 4a desig 
nated Add and Subtract respectively are connected to 
the correspondingly designated terminals of the Add-Sub 
tract trigger of Fig. 3. The output terminals A and F 
of Fig. 4b are connected to the terminals A and F of Fig. 
3, the output terminals C, D of Fig. 4c and B of Fig. 4d 
are connected to terminals C, D and B respectively of 
Fig. 3. Connections (not shown) are made from an ap 
propriate pre-selected brush CB to the input terminals 
of the units, tens and hundreds order of the accumulator 
of Fig. 3 to effect entry into the accumulator of the 
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2) 
amounts to be stored in response to holes punched in the 
cards. 

Initially, the trigger circuits AS, TTh, ITH, ITT, ITU 
and TS are in the Right condition so that the voltage 
transferred from their respective terminal PR is low. 
The trigger circuits CSTh, CSH, CST and CSO are, 
in the Left condition so the voltage transferred from 
their respective terminal PR is high. The value 9999 
is then placed in the tubes. GC and the accumulator is 
prepared to effect storage of 23 in accordance with the 
solution of the example problem; 23-39--3. 
At 11 time (Fig. 5) the brush b of the commutator 

of Fig. 4b. contacts a segment and when in contact, there 
with transfers a negative voltage from the brush b con 
nected to a source of negative voltage designated B 

2 5 

3 5 
through the segment to the terminal A (Figs. 4b and 3). 
This A pulse switches the trigger circuits ITU, ITT, ITH, 
and ITTh to the Left condition. The voltage applied to 
the terminal G2 of each of the gates GAS, GTH, GH, 
GT and GU, is therefor positive. 

Also, at 11 time the brush b of the commutator of Fig. 
4a contacts a Segment of the commutator and simultane 
ously the brush CB scanning the sign column of the card 
contacts the roll R through a hole in the card. This hole 
indicates that the next subsequent entry into the accumu 
lator is addition. An A pulse is initiated from the negative 
voltage applied to the roll R, this voltage is transferred 
from the roll R through the brush CB, the commutator 
brush b, and the commutator segment beginning at 11 
time to the Add terminal (Figs. 4a and 3). 
the trigger, circuit AS. to switch to the Left condition, 
thereby applying a positive voltage to the terminal G2 of 
the gate GAS. - 

Also, at 1.1 time the brush of the commutator of Fig. 
4c contacts, a segment to initiate production of a posi 
tive pulse. The brush b is grounded and when it con 
tacts a segment connected to the terminal D the voltage 
at that terminal is increased as compared to the voltage 
B- to which it is connected. This positive D pulse is 
applied to the terminal D (Figs. 4c and 3). Since switch 
54s. (Fig. 3) is in the accumulate position this D pulse 
causes the terminal Gi of gate GAS to go positive. 
Gate GAS is therefore rendered conductive and causes 
a negative pulse to be transferred therefrom to the in 
verter IAS. which transfers a positive pulse to the inverter 
IC. A negative pulse is then transferred from the in 
verter IC to the complement cathodes of all the tubes 
GC. to complement the value stored or place the value 
0000; therein. An F pulse is then applied from the 
commutator of Fig. 4b between 11 and 0 time to the 
terminal F (Fig. 3) connected to the terminals GL of 
the triggers CSU, CST, CSH and CSTh to switch all 
those triggers to the Right condition. A negative or 
low voltage is transferred from the terminal PR of the 
trigger CSU to the terminal G2 of the gate GT2, from 

This causes : 
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8 
the terminal PR of the trigger. CST to the terminal G2 
of the gate GH2, from the terminal PR of the trigger 
CSH to the terminal G2 of the gate GTh2, and from the 
terminal PR of the trigger CSTh to the terminal G2 of 
the gates GTS and GU2. 
At .0 time a pulse is applied from a brush. CB (Fig. 4) 

to the input terminal of the triggers (TH and Th of 
the hundreds ; and thousands orders, respectively, to 
switch them from the Left to the Right condition to place 
a low voltage on the terminal G2 of the gates. GH and 
GTi to prevent subsequent entry of Bor input pulses to 
be stored into the hundreds and thousands orders of the 
accumulator. These positive B pulses are obtained from 
the commutator of Fig. 4c and appear at the terminal B 
(Figs. 4d and 3). These pulses are produced during 
each rotation of the brush b (Fig. 4d), independent of 
the holes in the card, because the brush is grounded and 
the terminal B is connected to a source of negative volt 
age designated B-. 
The next two B pulses, occurring just prior to 1 and 2 

time, applied to the terminal B. connected to the terminal 
G. of the gates GU, GT, GH and GTh render the 
gates GU and GT conductive since their terminals G2 
have a high or positive voltage applied thereto from the 
triggers ITU and ITT respectively. Accordingly, two 
pulses are applied to the tubes GC of the units and tens 
orders to effect storage of the digit 2 in each. At 2 
time an input pulse is applied to the input terminal of 
the tens trigger ITT to switch the trigger ITT to the Left 
condition to prevent subsequent conduction of the gate 
GT in response to B pulses. Such conduction is pre 
vented by the low voltage applied from the terminal PR 
of the trigger ITT to the terminal G2. Similarly, the 
next B pulse occurring just prior to 3 time causes the 
glow discharge to be advanced in the tube GC of the 
units order to effect a storage of the digit therein. At 
3 time an input pulse is applied to the input terminal of 
the trigger i ITU to switch it to the Right condition and 
thereby render the gate GU non-responsive to subsequent 
B pulses applied to the terminal GT thereof from the 
terminal B. The accumulator now indicates 0023 and 
23 has been added therein. 

Finally, the carry pulse C is applied to the terminal 
C connected to the terminal G1 of each of the gates 
GU2, GT2, GH2, GTh2 and GTS. However, these 
gates are not rendered conductive by the carry pulse be 
cause the other input terminal G2 of each of the gates 
has a low voltage applied thereto from the carry storage 
trigger connected thereto. This is because the carry stor 
age triggers are in the Right condition as previously ex 
plained herein. 
The next D pulse applied to the terminal D causes 

the amount stored in the accumulator to be again com 
plemented in the manner previously set forth. Accord 
ingly, since the amount stored was 0023 the value now 
standing in the accumulator is 9976. The sign trigger 
TS was initially in the Right condition thereby indicating 
that the amount in the accumulator was positive. This 
trigger has not been switched and remains in the Right 
condition thereby correctly indicating that the amount 
stored in the accumulator is positive. 
The accumulator has now completed one read in or 

storage cycle and is ready to effect storage of -39. 
At 12 time the hole in the card indicating subtraction 

permits a negative pulse to be transferred to the Sub 
tract terminal of trigger circuit AS (Fig. 3) to switch 
it to the Right condition. A low voltage is therefore 
applied to the terminal G2 of the gate GAS so that the 
next Subsequent D pulse (11 time) does not render gate 
GAS conductive. In other words, the amount stored in 
the accumulator is not complemented in response to that 
D pulse. 

Next, at 11 time the A pulse provided by the commu 
tator of Fig. 4b is supplied to the terminal A (Fig. 3). 

* and Switches trigger circuits ITU, ITT, ITH and TTh 
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to the Left condition. A half. cycle point later between 
11 and 0 time the F pulse switches trigger circuits CSU, 
CST, CSH, and CSTh to the Right condition. 
At 0 time input pulses are applied from brushes CB 

to the input terminal of the triggers ETH and ITTh of 
the hundreds and thousands orders respectively to switch 
those triggers to the Right condition to prevent storage 
of subsequent B pulses in the hundreds and thousands 
orders of the accumulator. Subsequent B pulses are 
stored in the units and tens orders. 

Finally, at 3 time a pulse from CB is applied to the 
input terminal of the trigger ITT of the tens order and 
at 9 time to the input terminal of the trigger ITU of 
the units order to switch those triggers to the Right con 
dition to prevent the subsequent storage of the B pulses. 

Prior to the entry of -39 the amount stored in the 
accumulator was 9976. It is seen that when 39 is added 
to 9976 the result is 0015 plus a carry or 0016. Hence, 
between 2 and 3 time when the third B pulse went posi 
tive the glow discharge was transferred from the cathode 
D-9 of the self-complementing tube GC of the tens 
order. The resulting decreased voltage at the cathode 
D-9 was transferred to the terminal GR of the carry 
storage trigger CST to switch it from the Right to the 
Left condition, thereby placing a positive voltage on the 
terminal G2 of the gate GH2 of the hundreds order. 
Also, between 3 and 4 time when the fourth B pulse 
went positive the glow discharge was transferred from 
the cathode D-9 of the self-complementing tube GC of 
the units order. The resulting decreased voltage at the 
cathode D-9 was transferred to the terminal GR of the 
carry storage trigger CSU to switch it from the Right 
to the Left condition, thereby placing a positive voltage 
on the terminal G2 of the gate GT2 of the tens order. 
When the carry pulse C is applied to the terminal C 

connected to the terminal G of gates GT2 and GH2 
those gates are rendered conductive because of the posi 
tive voltage on their terminals G2, which positive voltage 
is applied from the respective carry storage trigger. The 
resulting decreased voltage applied from the plate of the 
respective gate to the tubes GC of the tens and hundreds 
orders causes an additional digit to be stored in each. 
The storage of this digit in the hundreds order causes 
the glow discharge to be transferred from the cathode 
D-9 to switch the carry storage trigger CSH to the left 
condition and apply an increased voltage to the terminal 
G2 of the gate GTh2 of the thousands order. Accord 
ingly, the C pulse then causes an additional digit to be 
stored in the thousands order and the glow discharge 
to be transferred from the cathode D-9 of the tube GC 
thereof. This transfer switches the carry, storage trigger 
CSTh to the left condition to apply an increased voltage 
to the terminal G2 of the gate GTS. The C pulse ap 
plied to the terminal G1 of the gate GTS causes that gate 
to be rendered conductive and a decreased voltage to be 
transferred from the terminal P thereof to the terminals 
GL and GR of the sign trigger TS to switch the trigger 
TS to the left condition. Trigger CSTh also causes an 
increased voltage to be applied to terminal G2 of gate 
GU2, and since the C pulse is applied to terminal G1 
of GU2, then GU2 becomes conductive and causes the 
glow GC of the units order to transfer to the next inter 
mediate cathode. At the termination of the C pulse, 
the glow in the counter tubes GC of each order (units, 
tens, hundreds and thousands) transfers from the inter 
mediate or tranfer cathode to which it had been tras 
ferred by the C pulse to the next digit cathode. The 
accumulator has 0016 stored therein and the trigger TS 
is in the left condition indicating that the quantity is 
negative. . . . . . . 
The D pulse next applied to the terminal D of the 

gate GAS has not effect since the trigger AS is in the 
right condition thereby applying a decreased voltage to 
the terminal G2 of the gate GAS. The second storage. 
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10 
or read in cycle is now complete and the digit 3 remains 
to be added. 

First, at 11 time a hole in the card permits the com 
mutator of Fig. 4a to apply a negative add pulse to the 
Add terminal of the trigger circuit AS to switch it to the 
left condition to supply a high or positive voltage to the 
terminal G2 of gate GAS. 

Also, at 11 time the A pulse supplied by the com 
mutator of Fig. 4b switches the trigger circuits ITU, 
ITT, ITH, ITTh to the left condition. The D pulse also 
occurring at 11 time and supplied by the commutator 
of Fig. 4c causes conduction of the gate GAS, causes 
inverter IAS to be cut off or rendered non-conductive at 
its plate, and causes inverter IC to be rendered plate 
current conductive to complement the amount stored in 
the counter. The accumulator now indicates 9983 since 
0016 was stored in the accumulator just prior to the ap 
plication of the D pulse. Next, at a half cycle point or 
half time after 11 time the F pulse supplied by the com 
mutator of Fig. 4b is applied to the terminal GL of each 
of the carry storage triggers CSO, CST, CSH and CSTh 
and switches each of them to the right condition. 
At 0 time pulses from the brushes CB are applied to 

the input terminals of the triggers ITT, ITH and ITTh 
of the tens, hundreds and thousands orders to switch 
them to the left condition and thereby prevent storage 
of subsequent B pulses into those orders. The B pulses 
occurring prior to 3 time are applied to the terminal B 
and cause conduction of the gate GU of the units order 
to effect the storage of three digits therein. At 3 time 
an input pulse from a brush CB is applied to the input 
terminal of the trigger ITU of the units order and pre 
vents storage therein in response to subsequent B pulses. 
The value stored in the accumulator is now 9986. 
When the carry pulse C is finally applied to the ter 

minal C it has no effect since the voltage at the terminal 
G2 of all of the gates GU2, GT2, GH2 and GTh2 is 
low because of the fact that each of the carry storage 
triggers CSU, CST, CSH, and CSTh is in the right con 
dition. The next D pulse effcets conduction through the 
gate GAS and inverters IAS and IC to complement the 
value stored in the accumulator. Hence, the accumulaior 
now indicates 0013 and the sign trigger TS indicates that 
the sign is negative. The proper answer to the example 
problem 23-39-3 is -13 as is now indicated by the 
accumulator. The balance is negative and the valve 
stored is in true form. To effect read out the valve 
stored is complemented, ten pulses are applied to each 
order of the accumulator and the accumulator is again 
complemented to return it to its initial condition just 
prior to the read out. 
To effect read out the switches 51s, 52s, 53s and 54s 

are placed in the read out position. Immediately, it is 
seen that the B and C pulses do not reach the accumulator 
and that the read out pulses RO are applied to the B 

It is noted that when reading in or storing is 
accomplished by the accumulator the D pulses are ap 
plied to the gate GAS and that their effect is determined 
by the stable condition of the Add-Subtract trigger A.S. 
When effecting read out the D pulses are applied through 
the switch 54s to the read out gate GRO. However, the 
stable condition of the sign trigger TS having its terminal 
PR connected to the terminal G2 of gate GRO determines 
whether or not the D pulses are effective. When the 
value stored in the accumulator is positive the sign 
trigger TS is in the right condition and therefore applies 
a low voltage to the terminal G2 of gate GRO to render 
gate GRO non-responsive to subsequent D pulses. On 
the other hand, when the balance stored in the accumu 
lator is negative the trigger circuit TS is in the left con 
dition and a positive voltage is applied from the terminal 
PR thereof to the terminal G2 of the gate GRO. Hence, 
a subsequent D pulse applied to the terminal G1 of gate 
GRO will cause a decreased voltage at the terminal P 



of the gate GRO and the terminal G of inverter. IAS, 
and increased voltage at the terminal P of IAS and the 
terminal G of inverter IC, and a decreased voltage at 
the terminal P of inverter. IC. This decreased or negative 
voltage at the terminal P of inverter IC is applied to the 
counter tubes GC to complement the value stored thereia. . 

Euring the read out cycle a hole indicating add or 
subtract is not provided in the card and therefore no 
add or subtract pulses are present. 
The A pulse provided by the commutator of Fig. 4b 

at 11 time switches the triggers ITU, ITT, ITH, and ITTh 
to the Left condition. The first D pulse provided by the 
commutator of Fig. 4c at 11 time renders the gate GAS 
piate current conductive, the inverter IAS non-conductive 
at its plate and the inverter. IC conductive to complement 
the value stored in the accumulator thereby causing the 
accumulator to indicate that 9986 is stored therein. The 
F pulse provided by the commutator of Fig. 4b at half 
time after 11 time then Switches the triggers CSU, CST, 
CSH and CSTh to the Right condition to place a low 
voltage on the terminals G2 of the gates GU2, GT2, 
GH2, GTh2 and GTS. 
The ten read out pulses RO provided by the conn 

mutator of Fig. 4c and beginning at 0 time and ending 
at half time after 9 time are then applied to the terminal 
B. At the beginning of the first read out pulse (0 time) 
the glow discharge leaves the cathode D-9 of the tubes 
GC of the hundreds and thousands orders and a nega 
tive output pulse appears at the output terminal of both 
the hundreds and thousands orders. Such indicates that 
the digit stored in each of these orders was 0. 
At the beginning of the second readout pulse (1 time) 

the glow discharge leaves the cathode D-9 of the tube 
GC of the tens order and a negative output pulse appears 
at the output terminal of the tens order indicating that 
the digit stored therein was 1. At the beginning of the 
fourth read out pulse (3 time) the glow discharge leaves 
the cathode D-9 of the tube GC of the units order to 
provide a negative pulse at the output terminal thereof 
to indicate that the digit stored therein was 3. 

Each subsequent read out pulse causes the glow dis 
charge in each of the tubes GC of the units, tens, 
hundreds and thousands orders to advance to the next 
digit representing cathode along the glow discharge path. 
Finally, the tenth read out pulse returns the accumulator 
to its initial indication of 9986 and read out of the nega 
tive value 0013 has been completed. 
As the glow discharge within each of the tubes GC 

left the cathode D-9 thereof to produce an output pulse 
at the output terminal of that order it also effected a 
switching of the carry storage trigger connected thereto 
to the Left condition. Hence, the accumulator is in con 
dition to effect end-around carry in response to the next 
carry pulse C. If such is permitted to be effective the 
value stored in the accumulator will be in error. To 
prevent such error carry pulse C is not applied during 
the read out cycle because switch 51s is in the read out 
position. - 

Finally, the next D pulse beginning at half time after 
Y time again complements the value stored in the ac 
cumulator. The accumulator again indicates the negative 
value 0013 as it did just prior to the read out operation 
and subsequent addition and subtraction may be effected 
as described above. 
The application of Edward J. Rabenda, Serial No. 

306,983, filed August 29, 1952, discloses other structure. 
eimploying the tube of the invention. 
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plenent cathodes are located between digit-representing 

it is readily seen that any or all of the cathodes may be - 
used to produce an output and that the self-complement 
ing feature of the invention may be utilized to comple 
inent the value stored in any manner desired. 
example, it is frequently desirable to employ a tube 
which will readily provide the tens complement of the 
value stored. 
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Referring more particularly to Fig. 6, there is shown 

a tube generally similar in structure and operation to 
that shown in Fig. 1, corresponding parts are similarly 
designated. The fact that the application of a single 
pulse to the complement cathodes will produce the tens 
coin plement of the value stored will be immediately 
understood by assuming that a glow discharge exists 
at the cathode D-7. If a pulse is now applied to the 
terminal C the glow discharge will be transferred via 
the complement cathode C-7 to the cathode D-3 which 
represents the digit.3 or the tens complement of 7. If 
another pulse is applied to the terminal C the glow dis 
charge will be transferred from the cathode D-3 via the 
the complement cathode C-3 to the cathode D-7 thereby 
again indicating the tens complement of the value just 
previously stored in the tube. 

if the value 0 or 5 is stored the tens complement is 
identical with the value stored and a transfer of the glow 
discharge is unnecessary. However, if no transfer is 
provided for, the application of the puise to the terminal 
C might effect a spurious transfer of the glow discharge. 
For this reason the complement cathodes C-0 and C-5 
are provided. Hence, if a glow discharge exists to either 
of the digit representing cathodes D-0 or D-5 and a 
pulse is applied to the terminal C the glow discharge 
will be transferred from the digit-representing cathodes 
D-6 or D-5, as the case may be, to the corresponding. 
complement cathode and back again to that digit-repre 
senting cathode. 

While there have been shown and described and 
pointed out the fundamental novel features of the inven 
tion as applied to a preferred embodiment, it will be 
understood that various omissions and substitutions and 
changes in the form and details of the device illustrated 
and in its operation may be made by those skilled in the 
art, without departing from the spirit of the invention. 
It is the intention, therefore, to be limited only as in 
dicated by the scope of the following claims. 
What is claimed is: 
1. A pulse responsive gaseous discharge glow transfer 

storage device including a preselected number of cathodes 
and an anode common to all cathodes for effecting addi 
tion and subtraction in turn, by a step-by-step transfer 
of a glow discharge from one stable glow position at 
one cathode to the next along a closed glow transfer 
path in a single direction, means for effecting glow trans 
fer along said path in response to pulses representing the 
true value to be added and subtracted; glow transfer 
complement means coupling each stable glow position 
cathode to the glow position cathode representing a pre 
Selected complement thereof; and pulse means connected 
to said complement means, selectively operable to render 
the latter effective just prior and subsequent to effecting 
addition. 

2. The invention set forth in claim 1 wherein said 
cathodes include ten digit-representing cathodes repre 
senting the digits 0-9 inclusive, ten transfer cathodes 
located between successive digit-representing cathodes; 
and said glow transfer complement means including ten 
complement cathodes each arranged in glow transfer re 
lation between preselected digit-representing cathodes to 
transfer the glow discharge from one of the digit-repre 
Senting cathodes to the other when a pulse is applied to 
said glow transfer complement means. 

3. The invention set forth in claim 2 wherein the com 

cathodes which represent digits which are nine's comple 
ment of each other. 

4. The invention set forth in claim 2 wherein the 
complement cathodes are located between digit-repre 
Senting cathodes which represent digits which are the 
ten's complement of each other. 

5. In a gaseous discharge device of the glow transfer 
type for effecting addition and subtraction comprising an 
anode and a plurality of digit representing electrodes ar. 
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ranged physically in consecutive order forming a closed 
path as a single group with said electrodes providing suc 
cessive stable glow discharge positions and wherein a 
glow discharge is transferred along a single closed glow 
transfer path in step-by-step fashion from one stable 
glow position at one electrode to the next consecutive 
one to effect storage, electrode means coupling consecu 
tive ones of said cathodes for establishing stable glow 
positions of said means coupling complement digit rep 
resenting ones of said electrodes forming stable glow 
positions to effect transfer therebetween. 

6. A self-complementing gaseous digital storage tube 
including electrode means comprising an anode and a 
plurality of digit representing cathodes arranged physi 
cally in consecutive order corresponding with successive 
digital values represented and providing a single glow 
discharge path having a stable glow discharge position at 
each cathode corresponding to each one of a plurality of 
digits to be stored; and complement electrode means for 
establishing a glow discharge transfer path from each of 
said stable digit representing glow discharge cathode posi 
tions to a stable glow discharge cathode position rep 
resenting a preselected digital complement thereof. 

7. In a gaseous decade storage tube of the glow transfer 
type including ten digit-representing cathodes each de 
fining a position of stable glow discharge and representing 
the digits 0-9 inclusive; ten transfer cathodes, each in 
termediate two digit-representing cathodes and coupled 
thereto to effect glow transfer in one direction from one 
digit-representing cathode to the other when a preselected 
electrical change is applied to that transfer cathode; com 
plementing glow transfer means coupled between each 
digit-representing cathode and the digit-representing cath 
ode representing the nine's component of the digit rep 
resented by the former cathode. 

8. The invention set forth in claim 7 wherein said com 
plementing glow transfer means are commonly ener 
gizable by a single pulse to effect glow transfer to thereby 
effect storage in complement form of the amount stored 
in the tube. - 

9. The invention set forth in claim 7 wherein said com 
plementing glow transfer means is coupled between each 
digit-representing cathode and the digit-representing cath 
ode representing the ten's complement of the digit rep 
resented by the former cathode except the digit-repre 
senting cathodes representing the digits 0 and 5 each of 
which defines the only stable position of stable glow dis 
charge in a glow transfer path established by said com 
plement glow transfer means. 

10. A gaseous discharge glow transfer storage device 
for effecting addition and subtraction in turn, by a step 
by-step transfer of a glow discharge from one stable glow 
position at one electrode to the next along a closed glow 
transfer path in a single direction, means for effecting 
glow transfer along said path in response to pulses rep 
resenting the true value to be added and subtracted; glow 
transfer complement means coupling each stable glow 
position electrode to the glow position electrode represent 
ing a preselected complement thereof; and pulse means 
connected to said complement means to render the latter 
effective just prior and subsequent to effecting addition. 

11. A gaseous discharge tube of the glow transfer type 
for effecting addition and subtraction, one at a time, in 
response to pulses representing the true values to be 
added and subtracted respectively; ten digit cathodes rep 
resenting the digits 0-9 respectively, digit cathodes 0-4 
inclusive being arranged in a row and digit cathodes 5-9 
inclusive being arranged in another row substantially 
parallel with the first; ten transfer cathodes, one between 
each two successive digit cathodes; glow transfer wires 
coupling said digit and transfer cathodes so that said digit 
and transfer cathodes are included in a single glow trans 
fer path along which a glow discharge is transferable in 
a step-by-step fashion in only one direction from one 
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stable glow position to the next; means commonly con 
Inecting said transfer cathodes so that a series of pulses 
to be stored applied thereto each causes a transfer of the 
glow discharge from one digit cathode to the next cathode 
representing the next higher digit, each digit cathode de 
fining a stable glow position; and ten complement cath 
odes positioned intermediate said rows, each connected 
in glow transfer relation with a digit cathode of each 
row to effect glow discharge from only one digit cathode 
to the other when a pulse is applied to that complement 
cathode. 

12. The invention set forth in claim 11 wherein said 
complement cathodes are positioned intermediate digit 
cathodes representing digits which are the nine's comple 
ment of each other; said complement cathodes are com 
monly connected; and pulse means are provided to apply 
a single pulse to the complement cathodes before and 
after addition to cause the tube to indicate the value 
stored as the nine's complement of that just previously 
stored. 

13. In a storage system for effecting addition and sub 
traction in response to pulses representing the respective 
quantities in true form; a source of pulses to be stored; a 
plurality of gaseous discharge tubes of the glow transfer 
type, one for each digital order to be stored, each tube 
including ten digit cathodes representing the digits 0-9 
inclusive and each such cathode defining a stable glow 
discharge position, ten transfer cathodes arranged inter 
mediate successive digit cathodes and glow transfer 
means therebetween to establish a closed glow transfer 
path traversed in one direction from one stable position 
to the next in response to each pulse to be stored, ten 
complement cathodes, means coupling each of said com 
plement cathodes in glow transfer relation with two digit 
cathodes to effect glow transfer from one such cathode 
to the other representing the digit which is the nine's 
complement of that represented by the former cathode; 
means for applying pulses to be stored simultaneously 
to said transfer cathodes; an electronic switch, for each 
order, connected to be conductively responsive to a pulse 
produced when the glow discharge is transferred from the 
digit cathode representing the digit 9; carry pulse means; 
electronic gate means, for each order, connected to be 
rendered conductively responsive to the simultaneous ap 
plication of a preselected voltage from the electronic 
switch of the next lower order and said carry pulse means 
to effect carry to the discharge tube of that order; and 
a connection from the electronic switch of the highest 
order to the electronic gate means of the lowest order. 

14. The invention set forth in claim 13 including a 
common connection from said complement cathodes to 
a pulse source for applying a pulse to said complement 
cathodes to complement the value stored in said tubes 
prior to and after addition. 

15. In a storage system for effecting addition and sub 
traction in response to pulses representing the respective 
quantities in true form; a source of pulses to be stored; 
a plurality of gaseous discharge tubes of the glow transfer 
type, one for each digital storage order, each tube includ 
ing ten digit cathodes representing the digits 0-9 inclusive 
and each such cathode defining a stable glow discharge 
position; ten transfer cathodes arranged intermediate suc 
cessive digit cathodes and glow transfer means there 
between to establish a closed glow transfer path traversed 
in one direction from one stable position to the next in 
response to each pulse to be stored; ten complement 
cathodes, means coupling each of said complement 
cathodes in glow transfer relation with two digit cathodes 
to effect glow transfer from one such cathode to the 
other representing the digit which is the nine's complement 
of that represented by the former cathode; means for 
applying pulses to be stored simultaneously to said trans 
fer cathodes; a first electronic switch for each order con 
nected to be conductively responsive to a pulse produced 




