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This invention relates to calculating machines of the 
kind which include a keyboard for controlling the entry 
of numbers into a register and it is an object of the in 
vention to provide an improved keyboard which is of 
particular use in a calculating machine having a register 
consisting of electronic counting devices. 

In known electrical and electronic calculating machines 
having keyboards the actuation of .a key normally causes 
electrical contacts to be closed. It may happen that 
during the actuation of a key the contacts are closed 
and opened a number of times for very short periods. 
The resulting short breaks in the continuity of the circuit 
have no effect in the case of electrical calculating ma 
chines having components with a comparatively slow 
response. However, in a calculating machine with elec~ 
tronic counting devices these devices may have a very 
short response time with the result that errors are caused 
if' a switch is opened even for >only a few microseconds 
during the actuation of a key. 

Accordingly, it has been proposed in the copending 
application No. 185,286, filed April 5, 1962, now U.S. 
Patent No. 3,163,730 which is assigned to the assignee 
hereof, to provide a special form of rotary electrical 
switch in which the effect of a lateral component of pres 
sure on the key is considerably reduced. The present 
invention aims to solve the same problem by eliminating 
the use of electrical contacts altogether. 

Accordingly, the invention -consists in a calculating 
machine including a keyboard for controlling the entry of 
numbers into -a register, wherein said keyboard inclu-des 
at least one bank of cold-cathode trigger tubes each asso 
ciated with the entry of a predetermined digit and each 
arranged to be rendered conductive by the proximity ot 
an earthed object. i 
A trigger tube may be rendered conductive by virtue 

of the proximity of the earthed object either to the tube 
itself, for example, to a conductive coating on the glass 
envelope of the tube, or to a plate or the like electrically 
connected to an electrode, for example, the trigger elec 
trode, of the tube. y 
The earthed object may be, for example, an operator’s 

finger, or it may be an object moved by the operator, for 
example, by the depression of a key. 

It is possible to arrange the circuit in such a way that 
once a trigger tube has been rendered conductive it re 
mains conductive until the potential on one of the elec 
trodes of the tube is changed. This condition is equiva 
lent to key-set operation. Alternatively, it is possible 
to arrange that a trigger tube which has been rendered 
conductive ceases to conduct when the earthed object 
is removed from the vicinity of the tube or of the plate 
'which is connected to one of the electrodes of the tube. 
This condition is equivalent to key-responsive operation. 
When a trigger tube is conductive, the ionised gas in 

the tube forms an electrical path between the anode and 
the cathode. Thus striking of the trigger tube, i.e. renden 

. ing the tube conductive, is equivalent to the closing of 
mechanical contacts. Deionisation of the trigger tube, 
i.e. rendering »the tube nonconductive, is equivalent to the 

_ opening of the mechanical contacts. 
In. one `arrangement according to the invention an 

alternating voitage is applied to each electrode of a gas 
filled trigger tube, the magnitudes of these alternating> 
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voltages and their relative phases being such as not to 
cause the tube to become conductive. The trigger elec 
trode of the tube, however, is electrically connected to 
a conductive coating on the underside of a transparent 
panel. When the operator places a finger on the panel, 
capacitive coupling is produced between the trigger elec 
trode and earth. The magnitudes of the potentials ap 
plied to the tube are such that under these conditions 
the tube strikes, i.e. becomes conductive. lf key~respon 
sive operation is required, the potentials are such that, 
when the operator’s finger is removed from the panel 
deionisation occurs, i.e. the tube ceases to be conductive. 
It, however, key-set operation is required, the potentials 
are arranged to be such that, even when the operator’s 
finger is removed from the panel, the tube remains 
ionised, and thus continues to conduct. Deionisation may 
then be produced at the end of a calculation by modifica 
tion of the potential on one of the electrodes of the tube. 

In an alternative arrangement according to the inven 
tion a special gas-filled trigger tube is used having a 
conductive coating applied to the glass envelope of the 
tube. The arrangement of the electrodes in the tube and 
the potentials applied to the tube are such that, when 
an earthed object is placed in the proximity of the con 
ductive coating on the tube, the tube is caused to strike. 
Deionisation may again be produced either merely as a 
result of the removal of the earthed object or by the 
reduction of the potential between the anode and cathode 
of the trigger tube to a value below the maintaining 
voltage. A special circuit may be provided to cause 
this reduction and this circuit may be operative auto 

of a calculation, or it may be caused 
to operate as a result of the actuation of a special key 
by the operator. 

In so'me calculating machines the normal key-operated 
switches are required to pass pulses with fast rise and 
tall times and the ionised path of a trigger tube may 
not be satisfactory for this purpose, since it may cause 
unacceptable distortion of the pulses. In this case strik 
ing of the trigger tube may be used to control a gate 
through which pulses may be passed without undue dis 
tortion. ' 
A further method of operating a calculating machine 

in accordance with the invention is to arrange the trigger 
tubes in a ring or rings. In the case of a ten-key machine 
only onering is necessary, but in the case of a machine 
having a plurality of banks of keys the trigger tubes 
associated with each bank will be arranged in a ring. 
This ring can be equivalent to any well-known gas trigger 
tube ring counter .having an input terminal and arranged 
so that when input pulses are applied to the input ter 
minal the glow is stepped forward from the conductive 
trigger tube to the next trigger tube in succession in the 
ring. In a decimal machine there will be ten trigger 
tubes in the ring, or in each ring, and the arrangements 
for causing one particular tube in the ring to become 
conductive may be equivalent to those described above. 
However, after one tube in the ring has been fired, pulses 
are applied to the input terminal to cause the glow to 
step round the ring. The arrangement may be such, for 
example, that a carry pulse is taken from the trigger tube 
which represents Zero and the glow is stepped until a 
carry pulse is received. If a group of ten pulses is used 
to step the counter, pulses are applied to the input of the 
ring until a carry pulse is received. The remainderv of 
the group of ten pulses will then be applied to the register 
vand it will be seen that this number will be equal to the 
number represented by the position of the originally con 
ducting trigger tube in the ring. This principle of shift 
ing a number from one counter to another is similar to 
that described and claimed in United States patent appli 
cation No. 164,645 filed December 29, 1961. 
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In an arrangement of the kind just described above the 
trigger tube which is fired by the operator is not used 
as a switch lbut as a temporary information store from 
which the information is extracted either immediately or 
if desired after asuitable delay. 
Methods of performing the invention will now be de 

scribed with reference to the accompanying drawings in 
which: 
FIGURE 1 illustrates parts of4 a calculating machine 

having a keyboard in accordance with the present inven 
non; 
FIGURE 2 illustrates a modification of a part of the' 

circuit arrangement illustrated in FIGURE l, and 
FIGURE 3 illustrates a further embodiment of the 

invention. 
In FIGURE 1 of the drawings there are illustrated 

parts of a calculating machine generally similar to that 
described in my British Patent No. 925,161 but having 
a keyboard in Aaccordance with the present invention. 
The calculating machine includes a plurality of orders 
of keys and a plurality of counting devices arranged to 
form a register, but only one order of keys 1K .and only 
one register 1R are shown in the drawing. 
The order of keys 1K includes a plate of transparent 

insulating material behind which are arranged a plurality 
of metal discs K1 to K9. Each of these discs is provided 
with a cut-out portion in the shape of the number repre 
sented by the respective key. Thus the disc K1 is pro 
vided with a cut-out portion in the shape of the numeral 
1, the disc K2 with a cut-out portion in the form of the 
numeral 2, and so on up to the disc K9 which has a 
cut-out portion in the shape of the numeral 9. Behind 
each disc is one of a series of gas-iilled glow lamps N1 
to N9. Behind the disc _K1 is the glow lamp N1, behind 
the disc K2 is the glow lamp N2, and so on up to the 
glow lamp N9 which is located behind the disc K9. 
Each of the discs K1 to K9 is connected to the trigger 

electrode of one of a series of gas-filled trigger tubes V1 
_ to V9. The anode of each of the trigger tubes V1 to V9 

is connected through a respective one of a series of in 

4 
is constituted ̀ by .the output terminal T1 of the timing de 

v vice T. The output of the AND gate 1GA is connected 
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dividual resistors R1 to R9 to a line G which is connected - 
through a common resistor R10 to the positive terminal 
11 of a source of direct current. The cathode of each 
'of the trigger tubes V1 to V9 is connected through a 
respective one of a series of individual resistors R11 to 
R19 to a line F which is connected through a common 
resistor R20 to the negative terminal 12 of the source 
of direct current. 
Each of the glow tubes N1 to N9 is connected across 

a respective one of the resistors R1 to R9. Thus the tube 
N1 is connected across the anode resistor of the tube 
V1, the glow tube N2 is connected across the anode 
resistor of the trigger tube V2, and so on up to the glow 
tube N9 which is connected across the anode resistor of 
the trigger tube V9. 
The calculating machine includes a common pulse gen 

erator PG which produces ten pulses during each cycle 
of operation. This pulse generator has an output ter 
minal P0 on which a single pulse appears at the beginning 
of each cycle. This pulse is applied through an amplifier 
TA to the input of a timing device T. The timing device 
has 16 output terminals T0 to T15 and each of these 
terminals can be rendered positive in succession when 
the device is stepped by means of the P0 pulses applied 
to it through the amplifier TA. The output T0 is con 
nected'through a rectifier W21 to the line F. 

In addition to the output P0 the pulse generator PG 
also yhas nine further outputs P1 to P9. During each 
cycle of operation of the pulse generator PG a single 

’ positive-going pulse appears on the output 1, two positive 
going pulses appear on the output 2, three positive-going 
pulses appear on the output 3 and so on up to the output 
9 on which nine positive-going pulses appear. 
The line G is connected thr-ough a capacitor C21 to 

one input of an AND g-ate 1GA, another input of which 
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through an amplifier 1A to a pulse counter 1R which con 
stitutes one order of the register of the calculating ma 
chine. . 

The negative terminal 12 of the direct current source 
which is connected between the cathodes and anodes of 
the trigger .tubes V1 to V9 is connected to one terminal 
of an alternating current source 13, the other terminal of 
which is connected to earth. The various potentials and 
`component values in the circuit are so arranged that -nor 
mally none of the trigger tubes V1 to V9 is conductive, 
with the result that none of the lamps N1 to N9 is lit. 
However, if the operator places a finger on one of the 
keys, the resulting capacitive coupling lbetween earth and 
the respective one of the discs K1 to K9 causes a suiiicient 
proportion of the potential of the »alternating current 
source 13 to lbe applied to the trigger electrode of the as 
sociated trigger tube to cause Áthat tu'be to tire. 

Before the operator touches one of the keys, since no 
current is fiowing through the resistor R20, the line F lis 
maintained at a comparatively negative potential, with the 
result :that a negaitve potential is applied to the terminal 
T0 of the timing device T to prevent that device from be 
ing stepped ‘by the P0 pulses yfrom the pulse generator. 
Under these conditions, none of the output terminals T1 
to T15.of the timing device T can `be energised and ac 
cordingly neither the AND gate 1GA associated with the 
counting device 1R nor any of the other GA gates as 
sociated with the remaining counting devices in the reg 
ister (each of which is controlled 'by a respective one of 
the terminals T2 to T14) ‘can ‘be opened. Further, until 
the operator touches one of the keys, the trigger tubes V1 
to V9 are non-conductive and hence no pulses from the 
pulse generator PG can pass through any of these tubes 
to the line G. On the other hand, when the operatorl 
touches one of the keys and thus renders one of the tubes 
conductive, the respective output terminal of vthe pulse 
generator PG will be coupled through the conductive tube 
to the line G and an appropriate number of positive pulses 
will appear on the line G. Further, when one of the tubes 
,becomes conductive the potential of the line F will be 
made more positive and the inhibition will ‘be removed 
Áfrom the timing device T. Accordingly when the next 
P0 pulseis applied to the timing device it will step so 
that the terminal T1 is made positive and the AND gate 
1GA is opened. ' 

It will be assumed for the purpose of this description 
that the calculating machine is arranged for key-respon 
sive -operation and the sequence of events will ‘be described, 
by way of example, following the placing of the opera 
tor’s‘?inger on the insulated plate above the disc K3. As 
previously explained, capacitive coupling between the op 
erator’s iinger and the disc K3 will cause the tu'be V3 to 
tire with the result .that current will flow through the resis 
tor R3 and the glow tube N3 will lbe illuminated behind 
the cut-out portion of the disc K3. This cut-out portion 
will normally bearranged to ibe suii‘iciently large for the 
glow :to Ábe visible even when the operator’s iinger is still 
over the disc. ’ 

When the tuîbe V3 becomes conductive the potential of 
_ the line F will be made more positive and the inhibition 
will `be removed from the timing device T. As a result 
the next P0 pulse will cause the timing device T ‘to step 
from 0 to l so that the output terminal T1 is made posi 
tive. Thus the gate 1GA is opened and three pulses will 
be applied from the output P3 of ‘the pulse generator 
:through the conductive tube V3, the capacitor C21, the 
open AND gate 1GA and the amplifier 1A to the input of 
the counting device 1R, the content of which will accord 
ingly ‘be increased by three. 
Assuming that the operator’s iinger remains .over the 

disc K3, the tube V3 will remain conductive but the next 
P0 pulse from the pulse generator will step the timing 
device T to T2 with the result that the gate 1GA will be 
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closed. Successive P0 pulses will step the timing device 
T unztil it reaches T15 when an inhibiting potential will be 
applied to the pulse generator PG to stop it. The ‘appara 
tus will‘remain in this-condition until the operator’s finger 
is removed from the vicinity of the disc K3. Since it has 
been assumed that :the machine is arranged for key 
responsive operation, the potentials and circuit values are 
assumed to 4be such that removal of the triggering potential 
on the trigger electrode of the tube V3 Iwill cause the tube 
,V3 to return to its non-conductive state. Unless the de 
ionisation time of the trigger tube> is so long that if the 
operator’s finger were tto be removed immediately after 
the tuïbe V3 had 'been fired the tube would still remain 
conductive long enough to pass the pulses from :the pulse 
generator, arrangements must be provided to delay the de 
ionisation of the tube for this time. 
When the tube V3 ceases to conduct the line F will again 

become neg-ative and the timing device T will ‘be caused 
to step to Tt). Thus the inhibition will ‘be removed from 
the pulse generator which will recommence to cycle. Ac 
cordingly if a further key is now touched a further nurn 
èber will be inserted into the register, the cycle 'of events 
being ras described above. 

If key-set operation is required, a further resistor may 
lbe connected in series with R10 and the potentials and 
values may be so `selected that with the further resistor 
lshorted conduction Áwill be maintained in any of the 
trigger tubes V1 to V9 even after removal of the triggering 
potential, whereas removal of the short from the further 
~resistor will cause the anode potential on any conductive 
trigger :tube to drop lbelow the maintaining potential. The 
contacts of a relay may lbe connected across the further 
resistor and these contacts will normally be closed. How 
ever, the relay will be arranged to open these contacts 
at the conclusion of a calculation. 
As has already been explained, it may happen in some 

cases that the ionised path of the conductive trigger tube 
may not be satisfactory for passing pulses having fast 
rise and fall times. In such cases, the embodiment of 
the invention illustrated in FIGURE 1 may be modiiied 
in the manner shown in FIGURE 2. According to this 
modification the conductive trigger tube is used to con 
trol a gate and the pulses from the pulse generator are 
passed through the gate instead »of through the anode 
lcathode path of the tube itself. Only the components as 
sociated with one key are shown in FIGURE 2, .but it 
will be clear to anyone skilled in the art how the com 
ponents associated with the remaining keys may be con 

, nected. 
In the arrangement shown the anode of the trigger 

tube V1 is connected through the resistor R1 to the posi 
tive terminal 11 of the power supply and the cathode of 
the tube is connected through the resistor R11 to the 
anodes of two rectiliers W31 and W32. The cathodes 
of the two rectiñers W31 and W32 are connected through 
resistors R31 and R32 to the negative terminal'12 of the 
power supply. As in the case of the embodiment illus~ 
trated in FIGURE l, the trigger electrode of the tube 
V1 is connected to the disc K1, the glow tube N1 is con 
nected across theresistor R1 and the negative terminal 
12 of the power supply is connected to earth through a 
vsource of alternating current 13. 

The cathode «of the rectiñer W31 is connected to the 
P1 terminal of the pulse generator PG and the cathode 
of the rectiñer W32 is connected to the line G, and thence 
to the capacitor C21. In this embodiment the power 

f supply is not connected through the resistor R10 to the 
line G. 

If the operator touches the plate above the Vdisc K1 
the tube V1 will tire and current will ñow through both 
the rectiiiers W31 land W32. Since both the rectiíiers are 

' conductive the application of the positive pulse from the 
.pulse generator to the cathode of the rectifier W31 will 
>cause the cathode of the rectifier W31 alsoto become 
more positive and thus the positive pulse will appear ony . 

Ul 

10 

20 

30 

40 

50 

55 

60 

65 

70 

6 
the line G. It is to be noted that a positive pulse will also 
appear on the line G when the trigger tube V1 becomes 
conductive, but this pulse will not pass through the AND 
gate IGA since this gate can never be open at this time as 
the timing device T cannot step to T1 until the inhibition 
has been removed from the terminal T0. 

It is to be understood that the negative terminals of 
the power supplies for all the components of the circuit 
arrangements illustrated in FIGURES 1 and 2 must be 
connected to the terminal 12 and not to earth, since, 
otherwise, the alternat-ing potential of the source 13 may 
upset the operation of these components. 

In the embodiment of the invention illustrated in FIG 
URE 3, the trigger tubes associated wtih each bank of keys 
are arranged in the form of a ring counter. The arrange 
ment illustrated includes nine keys, each of which con 
sists of a metal disc mounted on the back of a plate of 
insulating material having the numerals 1 to 9 engraved 
above the discs. The discs are indicated by the reference 
numerals K1 to K9, the numeral l1 being engraved above 
the disc K1, the reference numeral 2 being engraved above 
t-he disc K2, and so on. Associated with the discs K1 
to K9 are nine gas-filled double trigger tubes T1 to T9 
each of which has two trigger electrodes. The disc K1 
is connected to the first trigger electrode of the trigger 
tube T1, the disc K2 is connected to the lirst trigger elec 
trode of the trigger tube T2, and so on up to the disc 
K9 which is connected to the lirst trigger electrode of the 
trigger tube T9. In addition to the double trigger tubes 
T1 to T9, a further trigger tube T0 having a single trigger 
electrode is included in the ring. The second trigger 
electrode of each of the trigger tubes' T1 to T9 is con» 
nected through a respective one of capacitors C1 to C9 
to an input l-ine L. Further, the trigger electrode of the 
trigger tube Tt) is connected to the line L through a ca 
pacitor C0. The anodes of all the trigger tubes T0 
to T9 are connected through a common resistor R10 
to the positive terminal 11 of a direct-current source 
andthe cathodes of all the trigger tubes T0 to T9 are 
connected through individual resistors R0. to R9 and a 
common resistor R11 to the negative terminal 12 of the 
direct»current source referred to. Further, the cathode 
of each of the trigger tubes T1 to T9 is connected 
through an individual _one of resistors R21 to R29 to 
the trigger electrode of the next succeeding trigger tube 
in the r-ing, the cathode of the trigger tube T9 being con 
nected through the resistor R29 to the trigger electrode 
of the trigger tube T0. The first trigger electrodes of 
the trigger‘tubes T1 to T9 as well as being connected to 
their associated discs are also connected through in 
dividual resistors R41 to R49 to a line A which is used 
to provide an initial priming 'bias on these tubes. 

In addition to the key bank and the trigger tubes 
already described, this embodiment of the invention in 
cludes two rectifiers W10 and W11 and a resistor R13, 
and B2, and three AND gates. The first AND gate in 
cludes two rectiiiers W10 and W11 and a resistor R13, 
the second AND gate includes two rectiñers W12 and W13 
and a resistor R14, and the third AND gate includes three 
rectii’iers W14, W15, and W16, and a resistor R15. The 
arrangement of each AND gate is such that a positive 
output appears only if positive potentials are applied 
to all of its inputs. The two bistable `devices B1 and 
B2 may be of any known type and are merely indicated.` 
by way >of example, by means of two gas-filled trigger 
tubes »in each case. Thus, the bistable device B1 is in 
dicated as including trigger tubes TV10 and T11 and the 
bistable device B2 is indicated as including trigger tubes 
T12 and T13` 
The pulse generator PG is provided with twelve output 

terminals which are indicated by the reference numerals 
tl to 11. During -a cycle of operation of the pulse gen 
erator, one positive-going pulse appears on each of the 
terminals P0 to P11 in sequence. Thus, a positive-going 
pulse appears on the terminal P0 at the beginning of each 
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cycle,`and a positive-going pulse appears 'on the terminal 
P11 at the end of each cycle. The terminal Z is con 
nected to all the terminals P1 to P10 and thus ten posi 
tive-going pulses appear on this terminal during each 
cycle of operation, these ten pulses being preceded by a 
P0 pulse and succeeded by a P11 pulse.’ 
Each of the bistable devices is designed to be set by 

the application of a positive pulse from the pulse gen 
verator PG to the trigger electrode of one of its two 
trigger tubes and to be unset by the application of a posi 
tive pulse from the* pulse vgenerator to the trigger elec 
trode of its other trigger tube. A positive output poten 
tial may be obtained from the cathode of the one trigger 
tube when the device is set and from the cathode of the 
other trigger tube when the device is unset. The length 
of each of the pulses producedpby the pulse generator, 
and the arrangement of each bistable device, are such 
that the state of a bistable device is not changed over until 
the end of the pulse from the pulse generator applied to 
the trigger electrode of one of its trigger tubes. 
The trigger electrode of the trigger tube T11 is con 

nected to the cathode of the trigger tube T0 and the 
trigger electrode of the trigger tube T10 is connected 
through a capacitor C10 to the output P0 of the pulse 
generator PG. The cathode of the trigger tube T11 is 
connected to the cathode of the rectifier W14 which con 
stitutes one of the inputs of the third AND gate and the 
cathode of the trigger tube T10 is connected to the cath 
ode of the rectifier W10 which constitutes one of the in 
putsl of the first AND gate. The trigger electrode of 

 the trigger tube T12 is connected to the output P11 of 
the pulse generator and the trigger electrode of the trigger 
tube T13 is connected through la cap-acitor C11 to the 
output of the first AND gate. The cathode of the trigger 
tube T13 is connected to the cathode of the rectifier W16 
which constitutes a second input of the third AND gate, 
and the cathode of the trigger tube T12 is connected to 
the cathode of the rectifier W13 which constitutes one 
input of the second AND gate. The second input of 
the first AND gate is constituted by the terminal Z as 
also is the third input of the third AND gate, while the 
second input of the second AND gate is constituted by 
the cathode of the tube T0. The junction of the anodes 
of the rectifiers W10 and W11, which junction constitutes 
the output of the first AND gate, is connected through a 
resistor R50 to la source of positive potential and 
through a rectifier W2 to the line L. The junction of the 
anodes of the rectifiers W12 and W13 and one end of the 
resistor R14, which junction constitutes the output of 
the second AND gate, is connec-ted through a rectifier 
W1 to the line A. The junction of the anodes of the 
rectifier-s W14, W15 and W16 with the resistor R15, 
which junction constitutes the output of the third AND 
gate, is connected to the input PC of a pulse counter or 
register. 
The cathode of the trigger tube T13 is connected 

through a rectifier W3 and a resistor R51 to one’terminal 
of Ia capacitor C12 the other terminal of which is con 
nected to the negative terminal 12 of the direct-current 
power supply. The junction of the resistor R51 and the 
capacitor C12 is connected through a _rectifier W4 to the 
trigger electrode of the tube T11. The arrangement is 
such that, when the bistable device B2 is set (with the 
trigger tube T13 conducting), the capacitor C11 charges 
through the rectifier W3 and the resistor R51, but the 
rectifier W4 is so directed that current cannot flow 
through it from the cathode of the tube T0 to charge 
the capacitor when the tube T0 is conductive. ' The value 
of the capacitor C12 is such that when it has been charged 
it delays the setting of the bistable device B1 for about 
one second. 

The negative terminal 12 of the direct-current source, 
which is connected between the cathodes 'and anodes of 
the trigger tubes T0 to T9, is connected to one terminal 
of an alternating current source 13, the other terminal of 
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which is connected to earth, and the various potentials 
and component values in the circuit are so arranged that 
ythe trigger tube T0 is conductive when the apparatus is 
first switched on. Under these conditions, a small posi 
tive bias is 'applied from the line A to the first trigger 
electrode of each of the trigger tubes T1 to T9, since 
both inputs of the second AND gate are energised (i.e. 
rendered positive), the one input being energised because 
the bistable device B2 is in the unset state (i.e. tube T12 
is conductive) and the other input being energised be 
cause the tube T0 is conductive. The initial priming 
bias on the line A is so related to the other potentials in 
the circuit that, if the operator places `a finger on one 
of the keys, the resulting capacitive coupling causes a 
sufiicient proportion of the potential of the alternating 
current source 13 to be applied to the first trigger elec 
trode of the associated trigger tube to cause that tube to 
fire. 

Before the operator touches one of the keys, the bi 
stable device B1 is in the unset state With the tube 11 
conducting and the bistable device B2 is in the unset state 
with the tube T12 conducting. Under these conditions, 
a positive potential is applied from the cathode of the 
tube T11 to the cathode of the rectifier W14 which con 
stitutes the first input of the third AND gate, but this 
AND gate is maintained closed by the negative potential 
applied from the cathode of the tube T13 in the bistable 
device B2 to its second input which is constituted by the 
cathode of the rectifier W16. A ~negative potential is 
applied by the cathode of the non-conductive tube T10 in 
the bistable device B1 to the cathode of the rectifier W10 ' 
so that the first AND gate is also maintained closed. A 
P11 pulse is applied to `the trigger electrode of the tube 
T12 at the end of each cycle of operation of the pulse 
generator, but these pulses have no effect since the tube 
T12 is 'already conducting, so that the second AND gate 
remains open. Further, it is to be noted that, although 
P0 pulses are applied to the trigger electrode of the tube 
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effect since the bistable device B1 is maintained in the 
unset state by the positive potential applied to the trigger 
electrode of the tube T11. It a P0 pulse does cause the 
tube T10 to become conductive momentarily, the result 
ing positive pulse on its cathode cannot pass through 
the first AND gate since no pulse appears on the termi 
nal Z at the time ofthe P0 pulse. 

For the purpose of the following description of the 
operation of the embodiment of the invention illustrated 
in FIGURE 3, it will be assumed that the operator has 
placed a finger on the key 3 with the result that the trigger 
tube T3 will have fired. When the trigger tube T3 fires, 
the additional voltage drop in the resistor R10 reduces the 
anode-cathode potential in the tube T0 below the main- .' 
'taining potential with the result that the tube T0 ceases 
to conduct. Whenthe tube T0 ceases to conduct, its cath 
ode becomes less positive with the result that the second 
“AlN ” gate is closed and the priming bias is removed 
from the line A so that the position of the operator’s 
finger ceases to have any further efTect whether it is left 
1in the key 3, removed altogether, orA placed on another 
ey. ' 

After the operator has touched the key 3 so that the 
tube T0 has ceased to conduct, the positive potential is 
removed from the trigger electrode of the tube T11 in 
the bistable device B1 and the neXt P0 pulse which is 
applied through the capacitor C10 to the trigger electrode 
of the tube T10 will 
set state in which the tube T10 conducts in place of the 
tube T11. As a result, a positive potential will be applied 
to the cathode of the rectifier W10 from the cathode of 
the tube T10` and the first “AND” gate will be opened. 
Accordingly, the pulse P1 following the P0 pulse which 
set the bi-stable device B1 will be applied through the 
first “AlND” gate to the line L and thence through the 
capacitors C1 to C9 to the second trigger electrodes of 

change this bi-stable device to the 
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all the tubes T1 to T9. The magnitude of this pulse 
is such that it will have no effect on any of the trigger 
tubes except tube T4 which is primed by the bias applied 
to its sec-ond trigger electrode through the resistor R23 
from the cathode of the conductive tube T3. Thus the 
tube T4 will conduct in place of the tube T3. Similarly 
the P2 pulse will cause the tube TS to conduct in place 
of the tube T4 and so on until the P7 pulse causes the 
tube T0 to conduct in place of the tube T9. 

In .addition to being coupled to the trigger electrodes 
of the tubes Tt) t-o T9 through the capacitors C0 to,C9, 
the line L is also coupled through the capacitor C11 to 
the trigger electrode of the tube T13. Thus, the P1 pulse 
is applied to the tube T13 and sets the bi-stable device 
B2 with the tube T13 conducting in place of the tube 
T12. Thus, while the. ring counter is being stepped by 
the pulses from the pulse generator PG, a positive po 
tential is applied to the cathode of the rectifier W16 in 
the third “AND” gate, but a negative potential is applied 
to the cathode of the rectifier W14 since the tube T11 in 
the first bri-stable device B1 is non-conductive. Thus the 
third “AND” gate is -maintained closed and the pulses 
from the terminal Z of the pulse generator PG are not 
applied to the input terminal PC of the pulse counter or 
register. However, when the glow is stepped round the 
ring to the tube T0, the bi-stable device B1 is changed 
back to the unset state with the tube T11 conducting. 
Thus the third “AND” gate is opened and the ñrst “AND” 
gate is closed. It is to be noted that the setting of the bi 
stable device B2 removes the positive potentialfrom the 
cathode of the rectifier W13, so that the second “AND” 
gate remains closed even when-the tube T0 again becomes 
conductive. F[ihus there is no priming bias on the line A 
and the glow remains «on the tube T0, even if the oper 
ator’s finger is `still on one ot the keys. The pulses P8, 
P9 and P10 from the pulse generator are applied through 
the third “AND” gate to the terminal PC and thus cause 
the count in the register to be increased by three. The 
P11 pulse is not applied to the terminal Z, but is applied 
to the trigger electrode of the tube T12 and thus changes 
the bi-stable device B2 back to the unset state. As a 
result the second “AND” gate is opened and the third 
“AND” gate is closed. The following P0 pulse is applied 
through the capacitor C10 to the trigger electrode of the 
tube T10 in the bi-stable device B1, but is unable to set 
this bi-stable device because the positive potential is 
maintained on the trigger electrode of the tube T11. If 
the operator’s linger is still on the key the tube _T3 will 
again become conductive and the tube T0 will become 
non-conductive. However, the positive potential will still 
be maintained for a further second on the trigger elec 
trode of the tu-be T11 because of the charge on the capaci 
tor C12. When this capacitor has discharged through 
the rectiñer W14 and the resistor R0, the next P0 pulse 
will set the bi-stable device B1 and a further three will 
be added into the register. This form of operation is 
similar to that provided on certain known electrically 
operated calculating machines in which the maintenance 
of pressure on a particular key causes repeated addition 
of the digit represented by that key into the register. 
If only a single addition is required, the operator’s iinger 
must be removed from the key within one sec-ond. 

It is to be understood that the power supplies for all 
parts of the arrangement described must be connected to 
the terminal 12 and n-ot to earth in order to prevent the 
appearance of the alternating potential of the source 13 
across parts of the circuit where it might upset the oper 
ation. 

It will be appreciated that many modiiications may be 
made in the circuit arrangements described without de 
parting from the scope of the appended claims. In par 
ticular, instead of using a trigger tube having a trigger 
electrode connected to an external plate it is possible to 
use a tube having a conductive coating which may be 
used directly for causing triggering of the tube when it 

Ul 

lO 

20 

30 

40 

45 

50 

60 

65 

70 

75 

10 
is touched by an operator’s ñnger. Such a tube is illus-i 
trated', for example, in FIGURE 25 of British patent 
specification No. 732,018. In this case, it is advantageous 
to use a high frequency oscillator as the alternating cur 
rent source 13 and it is to be understood that such an 
alternating current source may be used in any of the other 
embodiments described, ` ` 

In a further modification of the invention, a pivotable 
or reciprocable key stem is provided above each of the 
discs K1 to K9 and an ea-rthed plate is arranged on the 
key stem so that when the key is actuated the earthed plate 
is brought near enough to the associated disc to cause 
triggering of the respective trigger tube. 1f desired, in 
such an arrangement mechanical latching ot the keys may 
be provided instead of the electronic latching described, 
and in addition mechanical operation of the start contact 
may be provided instead of the arrangements described. 

Finally, it is to be unde-rstood that the invention may 
be applied to many different types of calculating machine, 
but it is primarily designed for, and has been described 
With reference to a calculating machine of the type de 
scribed in British Patent Speciñcation No. 925,161. The 
pulse generator PG, the timing device T and the counting 
device R, all yused in the embodiments of the present in 
vention, may all be of the kind described in that patent 
speci’rication. i 
What I claim as my invention and desire `to secure by 

Letters Patent of the United States is: 
1. In a calculating machine, digit-entry controlling 

apparatus comprising an electrically-operated counting 
device, a pulse generator, a plurality of gas-filled trigger 
tubes each controlling the entry of a predetermined num 
ber of pulses from said pulse generator into said counting 
device, and means for causing any one of said trigger 
tubes to be rendered conductive by the proximity of an 
earthed object. 

2. In a calculating machine, digit-entry controlling 
apparatus comprising an electrically-operated counting 
device, a multi-output pulse generator arranged to pro 
duce a different number of pulses at each of its outputs 
during each cycle of operation, `a plurality of gas-ñlled 
trigger -tubes each connected between a respective output 
of the pulse generator and the counting device, a plate 
of insulating material, a plurality of metal discs secured 
to said plate and each connected to the trigger electrode 
of one of said trigger tubes, a source of direct-current 
supply for said trigger tubes, and a source of alternating 
current connected between earth and the negative termi 
nal of said direct-current source. 

3. A calculating machine comprising an electrically 
operated counting device, a multi-output pulse generator 
having a plurality .ofoutput terminals at which diiîerent 
numbers of pulses appear during each cycle of operation 
of the generator, a plurality of gate circuits each _con 
nected between one of said output terminals- and ythe input 
of said counting device, a plurality of gas-filled trigger 
tubes each controlling one of said gate circuits, and means 
for causing any selected one «of said trigger tubes to be 
rendered conductive by the proximity of an earthed 
object. 

4. A calculating machine comprising an electrically 
operated counting device, a multi-output pulse generator 
having a plurality of output terminals lat which diiîerent 
numbers of pulses appear during each cycle of operation 
of the generator, a plurality of gate circuits each con 
nected between one of said output terminals and the input 
of said counting device, la plurality of gas-tilled trigger 
tubes each controlling one of said gate circuits, a plate of 
insulating material displaying a plurality `of numerals, 
and means for rendering conductive that one of said 
trigger tubes which controls the gate circuit connected 
to the generator output terminal at >which is produced a 
number of pulses equal to any numeral displayedon said 
plate when the plate is `touched in the vicinity of that 
numeral. 
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5. A calculating machine comprising an electrically 
operated counting device, a multi-output pulse generator 
having a plurality of output terminal-s at which diiïerent 
numbers of pulses appear during each cycle of operation 
of the generator, ‘a plurality of vgate circuits each Con 
nected between one of said output terminals V'and the 
input of said counting device, a plurality of gas-filled 
trigger tubes each controlling one of said gate circuits, 
a plate of insulating material, a plurality ‘ofV metal discs 
located behind said plate :and each having a cut-out por 
tion representing a numeral, means connecting each, of 
said discs to the trigger electrode of a respective one of 
said trigger tubes, a plurality of glow tubes each located 

12 
behind a respective one of -said discs and connected in 
circuit with the associated tube. 
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