
April 9, 1946. R. E, MUMMA E.T A. 2,398,150 
ELECTRONIC DEVICE 

Filed March 3, 1943 5 Sheets-Sheet 1 

N 

O s s ss D O S. 2. i ZR 7. cy 

NS 

g 
i 

& (s) (s) (s) (s) (s) 

sh 
nu 
S. 
S 
Y 
V 
S. 

D. & ea.6 
Their Attorney 

  



2,398,150 
ELECTRONIC DEVICE 

--I <C <Ç >> >> )) >> ui m: 

5 Sheets-Sheet 2 Filed March 3, 1943 

Robert E. Mumma and 
Francis X. Bucher 

inventors 

  

  



April 9, 1946. R. E. MUMMA ET AL 2,398,150 
ELECTRONIC DEVICE 

Filed March 3, 1943 5 Sheets-Sheet 3 

Asov 234,237,239. FIG.3 (PA692/92, PS e G) 9 I /28: 93 g 
OA GN o-3 

O342 st 24/ K 24% s 
S--6 S-C 

d 2 O 

A s 226, 229 265 
23 

t 

a 

  

  



April 9, 1946. R. E. MUMMA ET AL 2,398,150 
ELECTRONIC DEVICE 

Filed March 3, 1943 5 Sheets-Sheet 4 

3. X 
S SG) to 
S$ STS 

() Hut 

(r 
NS 
w) 

a 

Š | 
NS 

Sr. VS - 

s N S. y 
SS Y- SQ NS . S. Sry S NS l 

9 & S $ 3. 
N N 
wn N 
ty () 

ra 
try 
Wy 

S CN 
ON 
Q 
SQ 
& 

N Voy 
ON N Sy (8. 36 

O O & T oir At tor ey 
  



April 9, 1946. R. E. MUMMA ET AL 2,398,150 
ELECTRONIC DEVICE 

Filed March 3, 1943 5 Sheets-Sheet 5 

FIG. 5 
400 /40 (202 300 
G5 (G) O O 

42/ 
FAN4/7 

A30 Vás 404 
. COA-2// 

39.54%-O/50y O 
s 67 26 4/2 

24/4. 

438 
439 

437 

422. 42 440 
YN 434 4.32 

433 () Hos 
NG 27-63 

Robert E. Mumma and 
Francis X. Bucher 

inventors 

t by 4-1-(2.6 
Their Attorney 

  

  

  

  



Patented Apr. 9, 1946 2,398,150 

UNITED STATES PATENT OFFICE 
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ELECTRONIC DEVICE 

Robert E. Mumma and Francis X. Bucher, 
Dayton, Ohio, assigners to The National Cash 
Register Company, Dayton, Ohio, a corpora 
tion of Maryland 

Application March 3, 1943, Serial No. 477,786 
(C. 315-323) 19 Clairs. 

This invention relates to an impulse-generat 
ing means and is directed particularly to one in 
which a single differentially operable impulse 
generating means can be differentially controlled 
by a plurality of control means, One after an 
other automatically in succession, to produce dif 
ferent numbers of impulses. 

In applicants' novel device, a plurality of con 
Erol means are provided to control the number of 
impulses which are to be produced in each of a 
plurality of groups of impulses. A single gener 
atting means is provided to produce the plurality 
of groups of impulses, and a selector switching 
neans enables the plurality of control means to 
be effective one after another to exert a control 
on the generating means. The selector switching 
means is operated at the completion of each dif 
ferential operation, which is controlled by a con 
trol means and renders the next control means 
s:ffective to control the number of impulses Which 
will be generated. The single generating means, 
therefore, is differentially operated repeatedly to 
produce a group of impulses for each of the plu 
rality of control means. 

Prior to the instant nov's ronstruction, it was 
usual, in impulse-generating means for produc 
ing a plurality of groups of impulses, to provide 
a separate generating means and a separate Coh 
trol means for each group of impulses. By utiliz 
ing the same generating means repeatedly with 
a plurality of control means, applicants have pro 
Wided a simplified means for producing a plu 

O 

s 

rality of groups of impulses, and one in which the 
capacity to produce a larger number of groups 
of impulses may be increased merely by adding 
additional control means and expanding the se 
lector switching means to accommodate the addi 
tional control means. The capacity of the gen 
erating means can accordingly be increased with 
out a corresponding proportional increase in the 
mechanism required, as was the case in impulse 
generating means prior to this one. 

It is an object of this invention, therefore, to 
provide a simplified impulse-generating means for 
producing a plurality of groups of impulses un 
der control of a plurality of control means. 
Another object of this invention is to provide 

novel controls for an impulse-generating means, 
whereby a single generating means can be cons 
trolled by a plurality of groups of differential con 
trol means, one group after another automati 
cally in succession. 
Another object of the invention is to provide 

a selector switching means to render a plurality 

of banks of control means effective, one bank at 
a time in automatic succession, to control a sin 
gle impulse-generating means. 
Another object of the invention is to provide a 

plurality of banks of control means for control 
ling a single bank of impulse-generating means 
and to provide switching means controlled by the 
generating means, each time a differential opera 
tion of the generating means under control of one 
bank of control means is terminated, to render 
another bank of control means effective to cone 
trol the generating means. 
A further object of the invention is to provide 

novel controls for an impulse-generating means, 
in which a selector switching means can render 
a plurality of banks of control devices successive 
ly effective to control the differential operation 
of the generating means and in which the gener 
atting means, at the completion of a differential 
operation under control of one bank of control 
devices, causes an operation of a bank selector 
switching means to render another bank of con 
trol devices effective and causes the automatic 
initiation of another operation of the generating 
means under control of said other bank of de 
vices. 
With these and incidental objects in view, the 

invention includes certain novel features of con 
struction and combinations of parts, the essen 
tial elements of which are set forth in the ap 
pended claims and a preferred form or embodi 
ment of which is hereinafter described with ref 
erence to the drawings which accompany and 
form a part of this specification. 

In the drawings: 
Fig. 1 is a schematic showing of the impulse 

generating means, the banks of control keys, and 
the bank selector switching means, and illustrates 
the operative relation between these elements. 

Fig. 2 shows a portion of the impulse-generat 
ing means and certain control tubes associated 
therewith. 

Fig. 3 shows a portion of the several banks of 
is keys which control the number of impulses in the 
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groups of impulses, and also shows the bank ser 
lector Switching means. 

Fig. 4 shows a group of tubes which are used to 
coordinate the operation of the bank selector 
switching means and the impulse-generating 
means. 

Fig. 5 illustrates a start and a stop control 
means by which the initiation and termination of 
an operation of the impulse-generating means are 
effected,   



2 
GENERA. OCSCRIPTION 

The novel impulse-generating means is oper 
able to produce a plurality of groups of rapidly 
recurring impulses, which impulses may have any 
desired significance and may be used in many 
ways to actuate or control the actuation of other 
mechanism. 
In the disclosed embodiment, the impulse-gen 

erating means is capable of emitting five groups 
of impulses under control of five banks of Con 
trol means. The control means is shown as con 
sisting of depressible digit keys, of which there 
are ten to a bank. 

However, the invention is not limited to the use 
of banks of keys as control means, because other 
forms of control means which can selectively ren 
der circuits effective may be used in place of the 
depressible keys. The automatic generation of 
five groups of impulses and the use of ten digit 
keys in each bank have been chosen arbitrarily lin 
order to explain the invention, but it will be obvi 
ous from the following description that the nun 
ber of groups of impulses which the generating 
means can produce in automatic succession, and 
the number of keys in each bank and their sig 
nificance, can be varied without departing from 
the substance of the invention. 
The essential elements of applicants' novel im 

pulse-generating means are shown schematically 
in Fig.1. 
The impulse-generating means, shown gener 

ally at 20, consists of a single bank of gaseous 
electron tubes, and in this bank there are a tube 
corresponding to each of the keys of a bank, and 
a terminal tube, which tubes are connected in a 
chain sequence to be fired and rendered conduct 
ing automatically one after another beginning 
with any selected tube in the chain and ending 
with the terminal tube. The firing of the tubes in 
the bank is initiated by a firing impulse which is 
impressed on the bank but which is effective to 
fire only that tube in the bank which has been 
selected by the depressed key. Once a tube in 
the bank is fired, the remaining tubes in the Se 
quence fire automatically one after another until 
the terminal tube is fired to indicate the comple 
tion of the operation of the bank of tubes under 
control of a bank of keys. When each tube is 
fired, it impresses an impulse on a common con 
ductor, as conductor 2, so that, as the selected 
number of tubes in the bank is fired, a group of 
impulses containing a corresponding number of 
impulses is produced. By operation of the bank 
of tubes over and over, a plurality of groups of 
impulses can be generated. 
The five banks of keys, shown schematically at 

22, are normally ineffective to control the gener 
ating means but are rendered effective one bank 
after another by the bank selector switching 
means and, when effective, control the number of 
impulses which will be included in the group of 
impulses being generated. The keys having the 
same digit value in each of the banks are Oper 
able to complete a control circuit from the war 
ious banks to their corresponding tube, so that, 
when the banks become effective one after an 
other, the tube corresponding to the depressed 
key in the effective bank will be selected as the 
one with which the automatic firing of the tubes 
of the bank will begin. If no key is depressed 
in a bank, a control circuit is closed to the termi 
nal tube to cause that tube to be fired when this 
bank of keys is in control. 
The bank selector switching means, shown 
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schematically at 23, consists of a bank of gaseous 
electron selector tubes, numbered I, II, III, IV, and 
W, which aire connected to be fired and rendered 
conducting one at a time in a chain sequence in 
response to impressed impulses. The selector 
tubes of the bank selector switching means are 
related to the various banks of keys, and the act 
of conduction occurring in any one of these tubes 
will render that tube effective to apply a sufficient 
potential to its related bank of keys to enable the 
keys to select the tube of the generating means 
which will respond to the firing impulse. The 
numerals I, II, III, IV, and W applied to the con 
nections between the tubes and the banks of keys 
indicate the order in which the banks of keys are 
effective. 
The selector tube corresponding to the first 

bank of keys is fired by the starting means, which 
initiates the generation of the plurality of groups 
of impulses, and renders this bank effective to 
control the impulse-generating means. When 
the terminal tube of the bank of generating tubes 
is fired after the first operation of the bank of 
generating tubes, it causes an impulse to be sely, 
over a conductor, shown at 24, to the bank se 
lector and switching control tubes to cause the 
tube related to the Second bank of keys to be 
fired and the previously conducting Selector tube 
to be extinguished. This places the Second bank 
of keys in control of the generating means. In 
this manner, the termination of the operation of 
the impulse-generating means under control of 
one bank of keys causes the selector Switching 
means to be operated to restore said one bank to 
its ineffective condition and render another bank 
of keys effective to control the impulse-generatii), 
leanS. 

Rectifiers, as shown generally at 25, are includ 
ed between the banks of keys and their l'elate: 
switching control tubes to prevent back-lun Cil 
cuits, which might otherwise occur and rend 
the switching control means inoperative, 
The firing of the terminal tube in the bank. 

of generating tubes also causes a firing inpuist i?) 
be impressed on the bank of impulse generatin, 
tubes after the bank selector switching means 
has operated, and this impulse will fire the se 
lected tube and recycle or Start another Cpera 
tion of the impulse-generating means. 
A detailed description of these essential ele 

ments and the means whereby their operation is 
coordinated will now be given. 

DETAILED DESCRIPTION 

It is not intended that the invention be limit 
ed to the use of the particular potentials and 
values of resistance and capacitance given in the 
following description, because the potentials ap 
plied to the various elements of the tubes are 
merely selected as convenient potentials for the 
disclosure, and the circuit elements of resistance 
and capacitance correspond in relative value to 
the potentials chosen. It is obvious that other 
potentials may be used and the values of the cir 
cuit elements adjusted accordingly to maintain 
the proper relation between the various parts of 
the circuit. Throughout the drawings, the cath 
Ode heater elements are shown conventionally. 

The impulse-generating means . 
The impulse-generating means is shown in Fig. 

2 and consists of a single bank of gaseous elec 
tron tubes of the type having an internal poten 
tial drop of fifteen volts, when conducting, and 
having an anode, a Cathode, and a control grid 
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which is given a negative bias with respect to the 
cathode and will prevent the tube from firing and 
becoming conducting until this bias is reduced 
to less than fifteen volts negative with respect to 
the cathode. 
The bank will include as many tubes as the 

maximum number of impulses possible in any 
group. In the present embodiment, this will 
mean that there is a tube for each of the keys "1" 
to “10' and a terminal tube T for indicating the 
completion of an operation of the generating 
means under control of a bank of keys. In Fig. 2, 
only the “10”, “9”, “1”, and T tubes are shown, 
the tubes for the keys '2' to '8' inclusive having 
been omitted to simplify the showing of the bank, 
because the circuits for these tubes are identical 
with those for the other tubes and the operation 
of the impulse-generating means can be readily 
understood without their inclusion. 
The tubes of the bank are connected to be fired 

automatically one after another in a Sequence 
extending from the '10' tube and continuing 
through the '1' tube to the T tube. The auto 
matic firing of the tubes may begin with any se 
lected tube in the sequence and, when once be 
gun, will continue through the remaining tubes 
of the sequence until the terminal tube T has 
been fired and rendered conducting. 
The anodes of the tubes are supplied with posi 

tive potential by being connected to a source of 
positive potential over a common resistor, so that, 
as each tube is fired and becomes conducting, a 
potential drop or impulse occurs across the com 
mon resistor in the anode potential supply cons 
nections. These impulses are used to extinguish 
any previously conducting tubes and are also 
used to furnish the impulses which are generated 
by the bank. 
A firing impulse conductor which is common to 

all the tubes in the bank enables firing impulses 
to be impressed on the tubes to fire any selected 
tube and initiate the automatic firing of the re 
maining tubes in the Sequence. 
Amplifying means is provided to amplify the 

generated impulses before they are impressed on 
an output terminal. 
The circuits for supplying the potential to the 

elements of the impulse-generating tubes and the 
amplifying tubes and for interconnecting the 
tubes for operation will be clear from those 
shown in Fig. 2. 

Negative potential is supplied to the cathodes 
of the impulse-generating tubes by means of par 
allel circuits, one for each tube, extending to 
ground from a negative potential supply con 
ductor 6, to which a negative potential of 150 
volts is applied at terminal 62. The circuit for 
the '10' tube is representative of the circuits for 
the '1' to '10' tubes and extends from point 63 
on the negative potential supply conductor 6, 
over resistor 64 of 150,000 ohms, point 65, re 
sistor 66 of 75,000 ohms, points 67 and 68 and to 
ground over resistor 69 of 15,000 ohms and ca 
pacitor TO of .002 microfarad in parallel. The 
Cathode for the '0' tube is connected to this 
circuit at point 68 and is given a negative poten 
tial of about 9 volts when the tube is not con 
ducting. When the tube becomes conducting, 
however, its cathode 7 is conductively coupled 
to the anode 72 by the discharge path through 
the tube, so that the positive potential applied to 
the anode will be impressed on the cathode poten 
tial supply circuit and will cause the potential of 
the cathode to rise from a negative potential of 9 
volts to a positive potential of about 70 volts, 
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The potential supply circuit for the cathode 

T3 of the terminal tube T is similar to those for 
the other circuits, except that the capacitor 
in this circuit has a value of 500 micro-nicro 
farads instead of .002 microfarad. This particu 
lar value for the capacitor 74 is used because of 
other capacitance associated with this Cathode. 

Negative biasing potential is supplied to the 
control grids of the impulse-generating tubes by 
means of the circuits which connect the tubes of 
the bank for sequential operation. Each cath 
ode potential supply circuit is connected to the 
control grid of the tube next in sequence and Sup 
plies this grid normally with a negative biasing 
potential sufficient to prevent conduction. As an 
example, the cathode potential supply circuit for 
the '10' tube supplies the control grid 75 of the 
'9' tube with a normal negative biasing potential 
of 56 volts by means of a circuit extending from 
point 65 in the cathode potential supply circuit, 
over point 76, resistor 77 of 500,000 ohms, point 
78, and resistor 79 of 50,000 ohms. However, 
when the potential of the cathode 7 of the "10" 
tube rises from a negative potential of 9 Volts to 
a positive potential of about 70 volts when the 
'O' tube is fired and becomes conducting, this 
potential rise is reflected on the control grid 75 
of the '9' tube and reduces the bias below the 
critical point and causes that tube to be fired 
and rendered conducting. 

. Since the '10' tube is the first tube in the 
sequence, its control grid 86 is given a negative 
bias of 56 volts from point 8 in a circuit, which 
is equivalent to the cathode potential supply 
circuits and extends from point 88 on the nega 
tive potential supply conductor 6, over resis 
tor 89 of 150,000 ohms, point 87, and resistor 90 
of 90,000 ohms to ground. 
Each control grid of the impulse- generating 

tubes is electrostatically coupled to a fring in 
pulse conductor 9, the coupling for the grid 
75 of the '9' tube extending from point 78 in 
this grid circuit, over a capacitor 92 of 10 micro 
microfarads to the firing impulse conductor 9. 

5 The firing impulses, which are positive potential 
impulses impressed on conductor 9, tend to re 
duce the negative bias of the control grids be 
low their critical value but are not sufficient to 
overcome this normal negative bias. The firing 
impulses will be effective to fire a tube and start 
the automatic firing of the impulse-generating 
means only if that tube has been "primed' or 
has had its grid bias reduced to near the criti 
cal point, so that a firing impulse can reduce 
the bias below the critical point and cause that 
tube to fire and become conducting. The manner 
in which the tubes are “primed' will be explained 
hereinafter. 

Positive potential is supplied to the anodes of 
the impulse-generating tubes from the terminal 
00a, upon which is impressed a positive poten 

tial of 105 volts whenever the generating means 
is operative, as will be explained later herein. 
From terminal OOa, the circuit extends over 
conductor Ot, resistor O2 of 250 ohms, point 03, 
resistor iO4 of 3,000 ohms, conductor iOS, point 
06, and conductor OT, to which the anodes are 

connected over 1,000-ohm resistors, as the resis 
tor 08 for the “10' tube. Point O3 in this cir 
cuit is connected to ground over a capacitor 09 
of 4 microfarads, which absorbs the shock of any 
abrupt application or change of potential in the 
circuit. 
When one of the impulse-generating tubes is 

conducting, the anodes will have a positive poten 
  



4. 
tial of 105 volts, but when any tube is conduct 
ing, the resistance in the circuit will cause the 
potential of the anode of the conducting tube to 
drop to --85 volts and the potential of the con 
ductor 07 and the anodes of the other tubes to 
drop to --90 volts, 
At the instant a tube is fired, the capacitor, as 

70 in the cathode potential supply circuit, will 
cause the cathode to retain its negative potential 
of 9 volts, and, since the tubes are of a type hav 
ing an internal drop of 15 volts, the potential of 
the anode will drop to 6 volts positive, which drop 
will be reflected throughout the anode potential 
supply circuit. After the capacitor, as TC, has 
been charged, the potential of the cathode and 
the an ode of the conducting tube will rise to "10 
and 35 volts positive, respectively. 

his 27:pulse, which occurs in the potential oi 
the anode supply circuit as a tube is fired, is used 
to extinguish any previously conducting tube, be 
cause it will reduce the anode potential of 2. 
previously conducting tube below the potential of 
its cathode, which, at this time, is at a positive 
potential of 70 volts due to conduction within 
that tube. 
The impulses, which occur on the conductor 

fe as the tubes are fired, are amplified by a pair 
of vacuum tubes G and if (Fig. 2), by which 
the impulses are sharpened and amplified before 
they are impressed on the terminal 2, which, 
with terminal 3, constitutes the means front 
which the impulses may be taken from the im 
pulse-generating means. 
Tube 0 has a zero bias and is normally con 

ducting. The cathode and the suppressor 
grid 5 are connected directly to ground, and 
the control grid 6 is connected to ground over 
point and resistor 8 of 10,000 ohms. 
Screen grid 9 has a positive potential of 105 
volts supplied from point 20 on conductor OS 
and over conductor 2, point 22, conductor 
23, point 24, resistor 25 of 250 ohms, conduc 

tor f26, point 27, and conductor 28. The anode 
il 29 of this tube is supplied with positive potential 
from terminal 200a, which has a positive poten 
tial of 150 volts applied thereto, in a manner to 
be explained hereinafter, whenever the generat 
ing means is operating. From the terminal 200a, 
the circuit continues over conductor 30, point 
3f, resistor f32 of 250 ohms, point 33, conduc 

tor f34, point f35, resistor 36 of 3,000 ohms, 
point 37, and conductor 38 to anode 29. 
The control grid 6 is electrostatically con 

nected from point 7 to the conductor 07 in the 
anode potential supply means for the impulse 
generating tubes, by means of a capacitor 39 
of 10 micro-microfarads, so that, as each in 
pulse-generating tube is fired, the impulse gen 
erated thereby can be impressed on the grid and 
can reduce conduction in tube O. 
Since tube O is normally conducting, the po 

tential of its anode 29 will normally be reduced 
to about --20 volts due to the resistors in its 
anode potential supply circuit. As conduction 
is reduced in tube O by the impulses impressed 
on the grid 6, the potential of the anode 29 
will rise toward 150 volts. This rise in potential 
is used to cause tube to become conducting. 
Tube is normally non-conducting but may 

be rendered conducting by the impulses formed 
by the tube 0. The cathode 40 and the Sup 
pressor grid 4 of tube are connected directly 
to ground. The screen grid 42 has positive po 
tential applied thereto by being connected to 
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point 2 in the circuit traced above for the 
screen grid 9 of tube fo. 
Anode 43 of tube f l has 150 volts positive 

potential applied thereto Over the circuit traced 
above for the anode 29 of tube ?o to the point 
35 and from this point over resistor 44 of 5,000 
ohms and conductor f45 to the anode 43. The 
control grid fs of tube f obtains a negative 
bias from a circult which starts at point 52 on 
the negative potential Supply conductor 8 and 
continues over conductor 53, resistor 54 of 
100,000 ohms, and resistor 55 of 50,000 ohms to 
ground. The control grid 5 obtains a nega 
tive biasing potential by means of a potential 
tapping member 56, which cooperates with the 
resistor 55 and is connected to the grid 5 over 
resistor 57 of 50,000 ohms and point 58 and 
may be adjusted to give the desired negative blas 
to the control grid. 

Point 3 in the circuit for the anode 29 of 
tube () is electrostatically connected to point 
58 in the control grid circuit of tube by 
means of a capacitor 59 of 10 micro-micro 
farads, and the impulses produced by reducing 
the conduction in tube () will cause the bias 
On tube to be reduced and allow conduction 
to take place therein. When conduction occurs 
in tube i, the potential of its anode will drop 
due to resistor 48 in its anode potential supply 
circuit. A potential-tapping member 69, coop 
erating with resistor if, is connected with the 
Output terminal and enables a negative im 
pulse of the desired amplitude to be impressed 
on the output terminal each time one of the 
impulse-generating tubes is fired. 
The terminal tube T, being the last tube to 

fire in the sequence of operation of the impulse 
generating tubes, remains conducting at the end 
of a differential operation of the generating 
means, and, since it may be necessary to fire this 
tube as the first tube in the next differential op 
eration of the generating means, as is the case 
when no digit key is depressed in the next bank 
of keys to be used to control the generating 
means, means must be provided to extinguish 
the terminal tube. 
The means used to extinguish the terminal 

tube T is a gaseous electron tube f S6 (Fig. 2) 
of the same type as the impulse-generating tubes. 
Tube 66 is normally conducting but is extin 
guished momentarily when the terminal tube T 
is fired. After the tube 66 has been extin 
guished for a short time, it automatically re 
fires and becomes conducting, and its refring ex 
tinguishes the terminal tube T. 
The cathode 67 of tube 68 is given a nega 

tive potential of 9 volts by being connected at 
point 68 in a circuit extending from point 69 
on the negative potential supply conductor 6 
and continuing over conductor 70, point 7, 
resistor 72 of 225,000 ohms, point 68, and re 
sistor 73 of 15,000 ohms to ground. The control 
grid 74 of tube f S6 is given a negative potential 
of about 10 volts by being connected at point 
75 in a circuit which extends from point 7 

in the circuit traced above and continues Over 
resistor f76 of 200,000 ohms, point 75, and re 
sistor TT of 150,000 ohms to ground. Positive 
potential is supplied to the anode 78 of tube f66 
from the terminal OOa, which, as noted earlier 
herein, has a positive potential of 105 volts in 
pressed thereon when the generating means is 
operating. The circuit extends from point i20 
on conductor of and over conductor 2, point 
22, resistor 79 of 250 ohms, point 80, resistor 
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8 of 3,000 ohms, and point 82 to the anode 
78. A capacitor of 4 microfarads is connected 

between point 80 and ground to absorb shocks 
due to abrupt application of or change in poten 
tla) in this circuit. 
Inasmuch as the potential of the control grid 

74 of tube 66 is less than 15 volts negative with 
respect to the potential of its cathode 67, this 
tube will be fired and become conducting when 
positive potential is applied to its anode. Due to 
the conduction in the tube, the potential of its 
cathode f T will rise to about 70 volts positive, 
and the potential of its anode 78 will be about 
85 volts positive. The cathodes of the terminal 
tube T and tube 66 are electrostatically coupled 
Over a capacitor 83 of .002 microfarad to enable 
the mutual extinguishing action to take place. 
The operative relation between these tubes is as 
follows: 
When the operation of the impulse-generating 

means is initiated by a start key, in a manner to 
be explained later, positive potential is applied 
to the anode 78 of tube 66, and, since the poten 
tial of the control grid 74 is less than 15 volts 
negative with respect to the cathode 67, the tube 
will immediately be fired and become conducting. 
The conduction in tube 66 will cause the poten 
tial of cathode 67 to rise from a negative poten 
tial of 9 volts to a positive potential of 70 volts. 
This potential rise is impressed as an impulse on 
the electrostatic coupling between the cathode 
67 of tube 66 and the Cathode 3 of the terminal 

tube T, but at this time the terminal tube. T is 
non-conducting and its cathode 73 has a nega 
tive potential of 9 volts, so that the impressed 
potential rise will not affect the condition of the 
terminal tube T. 
When the terminal tube T is fired at the end of 

a sequential operation of the impulse-generating 
tubes, the potential of its cathode 73 will rise to a 
positive potential of 70 volts, and this rise is ap 
plied to the electrostatic coupling between the 
cathode 73 and the cathode 67 of tube 66. The 
cathode 67 of tube 66 is already at a positive 
potential of 70 volts due to conduction in that 
tube, and, when the potential rise of the Cathode 
T3 of the terminal tube T is impressed thereon by 
the electrostatic coupling, it will cause a momen 
tary rise of the potential of the cathode 67 above 
the potential of the anode 78 and will extinguish 
conduction in tube 66. 
As soon as tube 66 is extinguished, its cathode 

potential will drop to a negative potential of 9 
volts, but, as the control grid 74 does not have a 
sufficient bias to prevent conduction, tube 66 will 
refire and become conducting again as SOOn as the 
potential of cathode 67 drops to within 15 volts 
of the potential of grid f4. The firing of tube 66 
will cause the potential of its cathode 67 to rise, 
and this rise is impressed on the cathode of the 
terminal tube Tby means of the electrostatic cou 
pling. At this time, the terminal tube T is con 
ducting, and its cathode 73 has a positive poten 
tial of 70 volts, so that the potential rise of the 
cathode 67 of tube 66, which is impressed there 
on, will cause the potential of the cathode 3 of 
the terminal tube T to rise above its anode poten 
tial and extinguish conduction in the terminal 
tube T. The control grid 84 of the terminal tube 
T has a sufficient negative bias and will retain 
that tube in its extinguished condition. 

In this manner, the terminal tube T can mo 
mentarily extinguish the tube 66 at the end of 
each sequential operation of the impulse-gener 

) 

5 

20 

25 

5 
extinguish the terminal tube T and prepare the 
impulse-generating tubes for further Operation. 
Tube 66, when it is refired after it has been 

momentarily extinguished, is effective to cause an 
Operation of the bank Selector SWitching means 
and to cause another operation of the impulse 
generating means. These additional functions of 
tube 66 will be explained more fully hereinafter. 

The keyboard 
The means for controlling the number of in 

pulses that will be generated in each of the five 
groups of impulses may take any desired form. 
In the disclosed embodiment, this controlling 
means is in the form of a keyboard made up of 
five banks of keys which can selectively cause 
the closing and opening of circuits by which the 
Operation of the impulse-generating means can 
be controlled. It will be obvious from the foll 
lowing description that the number of banks 
of keys and the number of keys in a bank may be 
varied, and that other forms of circuit controllers 
may be used instead of banks of keys without de 
parting from the Substance of the invention. 
AS stated before, the impulse which is im 

pressed on the firing impulse conductor 9 (Fig. 
2) in the impulse-generating means is effective 

30 

35 

to fire only that impulse-generating tube which 
has been "primed' by having its grid bias reduced 
almost to the critical or firing point. This con 
dition has been used to enable the various banks 
of control means to Select the tubes of the gen 
erating means with which the automatic firing 
of the tubes is to begin in the five differential 
operations Of the impulse-generating means. 
The manner in which the keys can selectively 
"prime' the tubes to control the operation of 
the generating means will now be explained. 

Fig. 3 shows diagrammatically portions of the 
40 five banks of keys for controlling the operation 
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of the impulse-generating means. Each bank 
of keys contains ten keys, numbered 'l' to '10' 
inclusive, but only the keys numbered '1', ''2'', 
'8', '9', and '10' are shown in this figure, the 
keys for the numbers "3' to '7' inclusive having 
been omitted to simplify the showing of the banks, 
inasmuch as the circuits controlled by the Omitted 
keys are similar to the circuits shown and the 
operation of the keys to control the impulse 
generating means can be understood from the 
circuits shown. 

Each key carries a pair of contacts, one for 
selectively closing a circuit from a potential sup 
ply conductor to a priming conductor extending 
to the tube corresponding to the key, and the 
other for interrupting a normally closed circuit 
connecting the potential supply conductor to the 
terminal tube T. Potential supply conductors 
85, 86, 87, 88, and 89, respectively, are asso 

ciated with various ones of the five banks of keys 
and have priming potential applied thereto one 
after another in the order given, to render their 
associated banks of keys effective to control the 
impulse-generating means. Priming conductors 
90, 9, 92, 93, and 94 are associated with 
the “10', '9', '8', '2", and “1” keys, respectively, 
in all the banks and enable the keys of the var 
ious banks to select and prime the tubes of the 
generating means as the banks of keys are ren 
dered effective. Priming conductor 95 for the 
terminal tube T is normally connected to all the 
potential supply conductors over the second con 
tact carried by the keys; however, the connection 

ating tubes, and the refring of the tube 66 will 7s to the potential supply conductor for any bank 
  



6 
of keys will be broken if any key in that bank 
has been depressed. 
The various priming conductors are connected 

to the grid circuits of the impulse-generating 
tubes; for instance, the priming conductor f3 
associated with the '9' keys (Fig. 3) extends to 
terminal 96, which is connected to terminal 9 
(Fig. 2). From terminal 97, the circuit extends 
over resistor 98 of 300,000 ohms to point 76 in 
the grid circuit for the '9' tube. Similar con 
nections extend from the other priming conduc 
tors to the other tubes of the bank. 
The operation of the bank of keys which con 

trols the impulse-generating means during the 
formation of the first group of impulses is rep 
resentative of the operation of all the banks, and 
their operation will be clear from a description 
of this bank. Referring to Fig. 3, it is seen that 
the '9' key 99 in the first bank of keys is de 
pressed. The upper contact 20 carried by the 
key closes a circuit from point 202 on the po 
tential supply conductor 85, over contact 20 
and conductor 203 to point 204 on the priming 
conductor 9, which, as described above, is con 
nected to the control grid circuit for the '9' tube. 
The depression of the '9' key has caused its lower 
contact to be moved to interrupt the connection 
which starts at point 205 on the potential supply 
conductor 85 and continues to the priming con 
ductor 95 for the terminal tube T over the lower 
Contacts of all the keys as long as no key is de 
pressed. - 

When priming potential is applied to the po 
tential supply conductor f 85 in a manner to be 
described later, this potential will, through the 
priming conductor 9, cause the biasing poten 
tial of the control grid of the '9' tube to be re 
duced to nearly its critical value, so that an im 
pulse On the firing impulse conductor can fire 
the '9' tube and initiate the automatic sequential 
firing of the remaining tubes of the sequence. 
Similarly, if any other key in the bank were de 
pressed, it would "prime' its related tube for fir 
ing by the impulse on the firing impulse con 
ductor 9 (Fig. 2). if none of the keys in the 
bank is depressed, the connection between point 
25 on the potential supply conductor 85 and 
the terminal tube priming conductor 95 is not 
interrupted, so that the terminal tube T will be 
"primed' and will be fired in response to the fir 
ing impulse On conductor 9. 
The bank selector switching means which pro 

wides priming potential to the potential supply 
conductors 85, 86, 87, 88, and 89, one after 
another in succession, will now be described. 

The bank Selector Switching means 
The bank Selector Switching means may be 

composed of any means which can apply "prim 
ing' potential to the various banks of keys one 
after another in succession. 

In the embodiment of the bank selector Switch 
ing means which is shown in Fig. 3, this means 
is made up of a bank of gaseous electron tubes 
of the type used in the impulse-generating means. 
In this bank of tubes, there is provided a Selector 
tube for each bank of keys, which tubes are num 
bered (I, 'II,' (III," (IV, and (W. to indicate 
the Order in which they operate, and an auxiliary 
control tube 26 for setting up conditions which 
are necessary to bring about a termination of 
the operation of the impulse-generating means 
after the last bank rif keys has been effective to 
exert its control. The tubes in this bank are Con 
nected in a chain sequence to be fired and ren 
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2,898,160 
dered conducting one at a time beginning with 
the “I” tube and ending with the auxiliary con 
trol tube 2. f6. As each tube is fired, it will ex 
tinguish any previously conducting tube in the 
bank, and, while it is conducting, it will supply 
biasing potential to its related bank of keys and 
will prepare the next tube in the sequence for 
operation in response to a firing impulse in 
pressed on the bank. A firing impulse is in 
pressed on the tubes of the bank, in a manner 
to be explained hereinafter, each time the im 
pulse-generating means has completed a differ 
ential operation under control of a bank of keys, 
and causes an operation of the bank Selector 
Switching means to render the previous control 
ling bank of keys ineffective and a new bank of 
keys effective. The “II,' 'II,' 'IV,' and 'V' 
Selector tubes and the auxiliary control tube 26 
can be fired by these firing impulses, since these 
tubes are fired after one or more operations of 
the impulse-generating means have taken place. 

However, the first selector tube, the 'I' tube, 
cannot be fired by these firing impulses, because 
it must be fired and rendered conducting before 
the first differential operation of the impulse 
generating means in Order to render the first 
bank of keys effective to control the impulse 
generating means during its first differential 
operation. When an operation of the generating 
means is initiated by a start key 2 (Fig. 5), the 
"I' tube is caused to fire immediately, which 
firing is accomplished by momentarily withhold 
ing the biasing potential from the control grid 
of this tube until after potential has been ap 
plied to the anode and to the cathode. 

thus it is seen that, by the operation of the 
bank Selector Switching means, the various banks 
of keys can be selected and rendered effective 
One after another to control the same impulse 
generating means, the operation being such that, 
as Soon as the operation-initiating or Start key 
27 is depressed, the first selector tube is fired 
automatically and renders the first bank of Con 
trol keys effective to control the first differential 
operation of the tubes of the impulse-generating 
means, and thereafter, upon the termination of 
each differential operation of the impulse-gen 
erating means, a different one of the other selec 
tor tubes is operated, and these tubes in turn 
cause the remaining banks of keys to be ren 
dered effective Seriatin. At the end of the dif 
ferential operation of the impulse-generating 
means under control of the fifth or last bank 
of control keys, the auxiliary control tube 216 
is fired, this extinguishing the 'W' selector tube 
to render the fifth bank of keys ineffective and 
setting into operation the means for terminating 
the operation of the impulse-generating means. 
While the bank selector Switching means dis 

closed is particularly Suited to the desired opera 
tion of the device, the invention is not limited 
to this particular form, as any other equivalent 
arrangement by which priming potential can be 
supplied to the banks one after another, such as 
a rotary switch which could be operated step by 
step to apply potential to the banks in Succes 
Sion, could be used. 
The circuits for Supplying potential to the ele 

ments of the bank of tubes making up the dis 
closed embodiment of the bank Selector Switching 
means and for connecting the tubes for Sequential 
operation will now be explained. 

Negative potential is supplied to the Cathodes 
of the "I,' 'II,' 'II,' 'IV,' and 'V' selector   
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tubes (Fig. 3) by means of parallel circuits, one 
for each tube, extending to ground from a nega 
tive potential supply conductor 28, to which a 
negative potential of 150 volts is applied at ter 
minal 29. The circuit for the cathode 220 of 
the "I" tube is representative of these circuits and 
extends from point 22 on the potential supply 
conductor 28, over resistor 222 of 13,000 ohms, 
point 223, resistor 224 of 39,000 ohms, points 225, 
226, and 227 and to ground over resistor 228 of 
30,000 ohms in parallel with resistor 229 of 2,500 
ohms and capacitor 20 of .005 microfarad, in 
series. Cathode 220 for the '' tube is connected 
to this circuit at point 22 and is given a negative 
potential of about 55 volts whenever the tube is 
not conducting. When the tube is conducting, 
however, its cathode 220 is conductively coupled 
to the anode 28 by the discharge path through 
the tube, so that the positive potential applied to 
the anode will be impressed on the Cathode po 
tential supply circuit and will cause the potential 
of the cathode to rise from a negative potential 
of 55 volts to a positive potential of 110 volts. 

of the auxiliary control tube 2 is substantially 
the same as the ones for the other tubes, and 
extends from the negative potential supply con 
ductor 28 at point 233, over resistor 234 of 50,000 
ohms, points 235, 236, and 237, and to ground 
over resistor 238 of 30,000 ohms in parallel with 
capacitor 239 of .005 microfarad and resistor 240 
of 2,500 ohms in series. Cathode 232 of the aux 
iliary control tube 26 is connected to point 236 
and has a negative potential of about 56 volts 
when the tube is not conducting, which potential 
will rise to a positive potential of 110 volts when 
ever the tube is conducting, 

Negative biasing potential is supplied to the 
control grids of the tubes in this bank by means 
of the circuits which connect the tubes for se 
quential operation. These circuits connect the 
control grids of the “II," "III," "IV,' and “V” 
tubes and the auxiliary control tube 26 to the 
cathode potential supply circuits of the "I,' 'II,' 
"III,” “IV,' and 'W' tubes, respectively, so that 
the normal negative bias on any of these grids can 
be reduced by the potential rise of the cathode 
connected thereto. The circuit to the control 
grid 24 of the 'I' tube is representative and 
extends from point 223 in the cathode potential 
supply circuit for the 'I' tube, over resistor 242 
of 500,000 ohms, point 243, and resistor 244 of 
50,000 ohms to the control grid 24 and supplies 
this grid with a normal negative biasing poten 
tial of 127 volts, which potential is sufficient to 
prevent the firing impulses from firing the tubes, 
This normal potential bias is reduced almost to 
its critical value when the potential of the cath 
Ode 220 of the 'I' tube rises due to conduction 
in that tube, thus enabling the firing impulse to 
be effective to reduce the potential of the control 
grid 24 below its critical value and cause the 
tube to fire and become conducting. 
The control grids for the 'II,' 'II,' 'IV," and 

'W' Selector tubes and the auxiliary control tube 
26 are electrostatically connected to a firing im 
pulse conductor 245, upon which an impulse is 
impressed each time, the generating means has 
completed a differential operation under control 
of one of the banks of keys. The connection for 
the control grid 24 of the 'II' tube is representa 
tive and extends from point 243 in the control 
grid circuit, over capacitor 246 of 50 micro-micro 
farads to point 24 on the firing impulse con 
ductor 24, 

7 
The control grid 250 of the 'I' tube is also given 

a negative potential bias of 127 volts, but the cir 
cuit for this grid is different from those of the 
other tubes in order that the biasing potential 
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of the grid may be momentarily withheld at the 
beginning of an impulse-generating operation. 
The circuit from which the biasing potential is 
derived extends from terminal 300a, upon which 
a negative potential is impressed during an in 
pulse-generating operation but after a momen 
tary delay at the beginning of such an operation, 
and continues over resistor 25 of 13,000 ohms, 
point 252, resistor 258 of 39,000 ohms, and resistor 
254 of 30,000 ohms to ground. Control grid 250 
is connected to point 252 in this circuit over re 
sistor 255 of 500,000 ohms, While this bias is not 
applied in time to prevent the tube from being 
fired at the beginning of an operation, it does 
enable the "I' tube to remain in its non-conduct 
ing condition after it has been extinguished by 
the firing of the '' tube. . 

Positive potential is applied to the anodes of 
is the tubes of this bank from terminal 200b, to 

The potential supply circuit for the cathode 232 which a positive potential of 150 volts is applied 
while the generating means is operating to pro 
duce the five groups of impulses. From terminal 
200b, the circuit extends over resistor 258 of 250 
ohms, point 25, resistor 258 of 3,000 ohms, and 
point 259 to conductor 20, to which the various 
anodes are connected. Point 257 is connected to 
ground over capacitor 26 of 4 microfarads to ab 
Sorb any shock which might result from an abrupt 
application or change of potential in this circuit. 
The anodes are supplied with a normal potential 
of 150 volts when none of the tubes is conducting, 
but, when any one tube is conducting, the poten 
tial of all the anodes will drop due to resistors 256 
and 258. At the moment any tube is fired, the 
capacitor, as 230, in its cathode potential sup 
ply circuit will hold the potential of its cathode at 
a negative potential of 55 volts, and the potential 
of the anode of that tube will drop to within 15 
volts of the cathode. Since all the anodes are 
connected to the same supply conductor, this will 
cause the potential of the anode of a previously 
conducting tube to become more riegative than 
the potential of its related cathode, the potential 
of which has risen due to conduction in the tube, 
When the potential of the anode of the previously 
conducting tube becomes more negative than that 
of its related Cathode, it will cause that tube to 
cease conducting and allow its control grid to re 
gain control. After the capacitor in the cathode 
circuit of the fired tube has been charged, the 
potentials of the anode and cathode of this tube 
rise to positive potentials of 125 and 110 volts, 
respectively, and remain at these potentials as 
long as the tube remains conducting. This rise 
in potential of the cathodes of the "I,' 'II,' 'II,' 
"IV,' and 'W' selector tubes in this bank is used 
to render the banks of keys effective by supply 
ing the "priming' potential thereto, the various 
potential Supply conductors for the several banks 
of keys being connected over unidirectional de . 
vices, such as rectifiers, to the cathodes of their 
related selector tubes. The connection to the po 
tential supply conductor 85 for the first bank of 
keys is representative and extends from point 22T 
in the cathode potential supply circuit for the 'I' 
tube, and over rectifier 262 to the potential sup 
ply conductor 85. 

If several keys of the same value are depressed 
in different banks of keys, or if there are no keys 
depressed in several banks, the potential supply 
conductors of these banks will be connected to 

  

  



8 
gether, so that, when "prining' potential is ap 
plied to the conductor of a bank which is to be 
rendered effective, it will be applied to all the 
potential supply conductors connected thereto. 
The unidirectional devices between the various 

cathode potential supply circuits and their related 
potential supply conductors enable the potential 
rise in these circuits, as the tubes become con 
ducting one after another, to be impressed. On 
their related potential supply conductors to ren 
der the banks successively effective, but prevent 
any potential supply conductors which are con 
nected to the potential Supply conductor of the 
bank which is effective from applying this po 
tential rise to the cathode potential supply cir 
cuits of tubes which are not conducting. TheSe 
unidirectional devices, therefore, prevent in 
proper application of potential to the Cathode 
potential supply circuits of the tubes of the se 
lector switching means which would prevent these 
tubes from being operated properly one after an 
other in succession to render the various banks of 
keys Successively effective. 
The potential rise of the cathode 232 of the 

auxiliary control tube 26 is used to fire a stop 
tube 405 (Fig. 5), which terminates an impulse 
generating operation. The manner in which this 
is carried out will be explained later herein. 
Thus it is seen that the tubes of the bank Se 

lector switching means apply potential to the 
banks of keys one after another in succession to 
selectively enable these banks of keys to be effec 
tive to control a single bank of impulse-generat 
ing tubes by selectively "prinning' tubes therein to 
determine with which tubes in the sequence the 
automatic firing of the impulse-generating tubes 
will begin and consequently determining the 
number of inpulses in each of the generated 
groupS Ofilises, 
Other forms of Selector switching Ileans may 

be used, and in any selector Switching means in 
which there are no connections between the 
several potential supply conductors for the var 
lous banks of keys or in which the "prining' po 
tential is applied to the various potential supply 
conductors One at a time in Succession, as by a 
commutator or a sequence switch, the unidirec 
tional devices can be eliminated. 

Recycling control mediaS 
Means are provided to recycle the impulsergeii 

erating means to cause the successive operations 
thereof to take place and thereby to produce the 
different groups of impulses. The recycling Con 
trol means also causes the bank Selector switch 
ing means to be operable at each recycling of the 
impulse-generating means to enable the different 
banks of keys to control the number of inpulses 
in the groups. 

Referring to Fig. 2, it will be recalled that the 
tube 66 was extinguished by the terminal tube 
T each time the terminal tube was fired at the 
end of a sequential operation of the tubes of the 
bank of impulse-generating tubes, and that the 
tube 66 immediately refired and extinguished 
the terminal tube T. 
The refiring of the tube 68 is used to cause 

the recycling of the impulse-generating tubes and 
the operation of the bank Selector Switching 
means in the following manner. As tube 66 is 
refired, the potential of its anode 78 will drop, 
and this drop is impressed on a control grid 27 
(Fig. 2) of a normally conducting vacuum tube 
22 and will reduce the current flow in this tube, 
which reduction of the current flow in tube 22 
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will cause the potential of its anode 23 to rise. 
This rise is utilized as a positive potential in 
pulse to cause the firing of the first of three-gas 
eous electron tubes 274, 25, and 28 (Fig. 4) of 
the type used in the inpulse-generating means, 
said three tubes being connected for automatic 
Sequential Operation. 
The first tube 274 of the sequence, when it is 

fired, sends a firing impulse to the firing impulse 
conductor 245 of the bank selector switching 
means to cause the operation of a selector tube 
therein, which tube, when operated, applies 
“priming' potential to another bank of keys to 
enable this bank of keys to Control the 'prim 
ing' of the tubes in the impulse-generating 
means. Tube 24 is also effective to fire the Sec 
Gnd tube 2 of the sequence after a slight delay, 
and the second tube 25, when it fires and be 
comes conducting, causes the third tube 2 of 
the sequence to be fired after a slight delay. The 
firing of the third tube 276 provides a positive 
potential impulse, which is amplified and sharp 
ened by a pair of vacuum tubes 277 and 28 and 
is impressed on the firing impulse conductor if 
for the bank of impulse-generating tubes to cause 
the “primed' tube of the bank to be fired and 
initiate the automatic step-by-step operation of 
the remaining tubes of the sequence through the 
terminal tube T. The operation of tubes 275 and 
26 of the three gaseous electron tubes provides 
a spacing between the various groups of in 
pulses and also provides an interval between the 
time when a firing inpuise is sent, to the bank 
selector Switching means and the time when 
a firing impulse is impressed on the firing inpulse 
conductor 9 for the bank of inpulse-generating 
tubes, to insure that sufficient time will have been 
provided to enable the bank of keys to seiectively 
“prime' one of the tubes of the bank before the 
firing impulse is impressed thereon. 
The operation of the bank selector Switching 

means and the recycling of the impulse-generat 
ing tubes will take place after each opération of 
the terminal tube T in the sequence until all the 
banks of keys have been effective to control the 
bank of impulse-generating tubes, at which time 
the operation of the generating means will be 
terminated. 
The circuits for supplying potential to the vari 

ous elements of these control tubes and for Con 
necting these tubes to perform their functions 
will now be described. 
Tube 212 (Fig. 2), which is a normally conduct 

ing vacuum tube, has its cathode 28 and Sup 
pressor grid 282 directly connected to ground 
and its control grid 2 connected to ground over 
point 283 and resistor 284 of 10,000 ohms. An 
electrostatic coupling including capacitor 285 of 
O micro-microfarads extends between point 283 

in the control grid circuit and point 82 in the 
circuit to the anode 8 of tube SS and enables 
the potential drop of anode 73 of tube 66, as 
that tube refres, to be impressed on the control 
grid 27 as a negative impulse which is effective 
to reduce conduction in tube 22. 
Screen grid 286 is connected to terminal Oa. 

over conductor C, point 20, conductor 12, 
point 22, conductor 23, point 24, resistor 287 of 
250 ohms, and point 288. A positive potential of 
i05 volts is applied to terminal Oa, in a manner 
to be described later herein, whenever the gen 
erating means is operating. 
Anode 273 of tube 272 derives its potential from 

terminal 200a, upon which a positive potential of 
150 yolts is applied whenever the impulse-gen 
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erating means is operating, the circuit extending 
from terminal 200a, over conductor 30, point 
3, resistor 289 of 250 ohms, point 290, resistor 
29 of 5,000 ohms, and point 292. 
is normally conducting, its anode 273 will nor 
mally have a positive potential of 20 volts due to 
the drop across resistors 289 and 29, but, as 
conduction is reduced in the tube, the potential 
of the anode will rise toward 150 volts. Point 292 
in the circuit to the anode 273 is electrostatically 
coupled to the control grid 293 of the first tube 
27 of the three sequentially operable tubes, by 
means of conductor 294, terminal 295, which is 
connected to terminal 296 (Fig. 4), capacitor 29T 
of 50 micro-microfarads, point 298, and resistor 
299 of 50,000 ohms, and, when the potential rise 
occurs on the anode 273, it will be impressed on 
the control grid 293 and cause the tube 274 to be 
flred and initiate the sequential firing of tubes 
274, 275, and 276. 
Cathodes 30, 302, and 303 (Fig. 4) for the 

tubes 24, 275, and 276, respectively, have a nega 
tive potential of approximately 9 volts applied 
thereto by means of individual parallel circuits 
extending to ground from a common negative po 
tential supply conductor 304, to which is applied 
a negative potential of 150 volts at terminal 305. 
The circuit for the cathode 30 of tube 274 ex 
tends from point 306 on the potential supply con 
ductor 304, over resistor 307 of 150,000 ohms, 
point 308, resistor 309 of 75,000 ohms, points 3 0 
and 3, and to ground over resistor 32 of 15,000 
ohms in parallel with capacitor 33 of .002 mi 
crofarad. The circuit for the cathode 302 of tube 
275 is identical with this one, and the circuit for 
the cathode 303 of tube 276 is equivalent to this 
circuit, extending from point 34 on the potential 
supply conductor 304 over resistor 35 of 225,000 
ohms, points 36, 37, and 38, and to ground over 
resistor 39 of 15,000 ohms in parallel with ca 
pacitor 320 of .002 microfarad. The cathode po 
tential of any of these cathodes will rise to a 
positive potential of 70 volts when conduction 
occurs in its tube. 
The anodes 326, 327, and 328 of tubes 274, 275, 

and 26, respectively, are connected to a common 
potential supply conductor 329, which is connect 
ed over resistor 330 of 4,000 ohms, point 33 ?, and 
resistor 332 of 250 ohms to terminal 400a, to 
which a positive potential of 105 volts is applied 
shortly after positive potential has been applied 
to other terminals in the apparatus. The man 
ner in which this application of potential is made 
*ill be explained later herein. The anodes of 

2.Ée tubes, being connected together and to a 
source of potential over a common resistor, will 
enable the firing of any of these tubes to ex 
tinguish any previously conducting tube of this 
group. 

Control grid 293 of tube 274 has a normal nega 
tive potential of 45 volts applied thereto by be 
ing connected over resistor 299 of 50,000 ohms, 
point 298, and resistor 333 of 500,000 ohms to 
point 334 in a potential supply circuit which ex 
tends to ground from the negative potential sup 
ply conductor 304 at point 335, over resistor 336 
of 250,000 ohms, point 334, and resistor 33 of 
100,000 ohms. As explained earlier herein, point 
298 in this circuit is connected, over capacitor 
297 of 50 micro-microfarads, to terminal 296, 
which is connected to terminal 295 (Fig. 2), to 
which is connected the conductor 294 extending 
from point 292 in the anode circuit for tube 272. 
By means of this elect: Ostatic connection, the po 
tential rise file ancie 2:3 will be impressed on 
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control grid 22 to reduce its potential below its 
critical value and cause tube 24 to be fired and 
rendered conducting. 
When tube 274 fires and becomes conducting, 

the potential rise of its cathode 30 is impressed 
on the firing impulse conductor 245 (Fig. 3) for 
the bank selector switching means by means of 
a circuit extending from the cathode 30 at point 
3 and continuing over conductor 338 and ter 
minal 339, which is connected to terminal 340 
(Fig. 3), to which the firing impulse conductor 
245 is connected. 
The potential rise of the cathode 30 of tube 

24 is also used to cause the second tube in the 
sequence to be fired. Control grid 34f of tube 
275 obtains a normal negative potential of 56 
volts by being connected Over resistor 42 of 
500,000 ohms and point 343 to point 308 in the 
Cathode potential supply circuit for tube 274, and, 
when the potential of cathode 30 rises due to 
conduction in tube 274, this rise will be reflected 
in the potential of control grid 34 and reduce 
its negative potential below the critical value and 
cause tube 275 to fire and become conducting. 
Capacitor 344 of 500 micro-microfarads is con 
nected between point 343 and ground and delays 
the effect of the potential rise of cathode 30 on 
the control grid 34. 
When tube 275 is fired and becomes conduct 

ing, it will cause tube 274 to be extinguished. The 
potential rise of cathode 302, as tube 275 is fired, 
is used to fire tube 276, the circuit for firing tube 
276 being similar to the one by which tube 275 
was fired; however, point 345 in this circuit is 
connected to ground over a capacitor 346 of 2,500 
micro-microfarads to delay the firing of the third 
tube. The capacitance used in the connection be 
tween the first and second tubes and the second 
and third tubes to delay the firing of one tube by 
another may be varied to obtain any desired de 
laying action. 
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When tube 276 is fired and becomes conducting, 
it causes tube 275 to be extinguished, and the 
potential rise of cathode 303 is impressed as a 
positive potential impulse on the control grid 347 
of tube 277, which is one of the vacuum tubes 277 
and 278 used to amplify and sharpen the impulse 
and impress it on the firing impulse conductor 9 
for the bank of impulse-generating tubes, 
Tube 277 has its cathode 348 and suppressor 

grid 349 connected directly to ground. The 
screen grid 350 of this tube is connected over con 
ductor 35 and resistor 352 of 250 ohms to ter 
minal 100b, upon which a positive potential of 
O5 volts is applied when the impulse-generat 

ing means is operating. Control grid 347 of this 
tube is given a negative bias by being connected 
over point 353 and resistor 354 of 50,000 ohms to 
a potential-tapping member 355, which coacts 
with a resistor 356 of 50,000 ohms connected in 
series with resistor 357 of 100,000 ohms between 
point 34 on negative potential Supply conductor 
304 and ground. The relation between the poten 
tial-tapping member 355 and the resistor 356 can 
be adjusted to provide the desired bias on the 
control grid 347. The negative bias on the con 
trol grid 347 will prevent conduction in the tube. 
Point 36 in the cathode potential supply circuit 
for tube 276 is electrostatically connected over 
capacitor 358 of 10 micro-microfarads to point 
353 in the control grid circuit for tube 277 and 
enables the cathode potential rise in tube 276 to 
reduce the negative bias on the control grid 347 
and render the tube 277 conducting. 
Anode 359 of tube 277 is connected over point 
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360, resistor 36 of 5,000 ohms, point 382, con 
ductor 363, and resistor 364 of 250 ohms to 
terminal 200c, to which a positive potential of 
150 volts is applied when the impulse-generating 
means is operating. As tube 2 -ecomes more 
conductive, the potential of its anode 359 will 
drop due to resistor 36, which drop is used to 
reduce the conduction in tube 28. 
Tube 278 has its cathode 365 and suppressor 

grid 366 directly connected to ground and its 
control grid 367 connected to ground. Over point 
368 and resistor 369 of 10,000 ohms. Screen grid 
370 has positive potential applied thereto by be 
ing connected to conductor 35 at point 3f, and 
anode 372 of this tube has positive potential ap 
plied thereto by being connected over point 33 
and resistor 374 of 5,000 ohms to point 376 on 
conductor 363. When conduction is reduced in 
tube 278, the potential of the anode 37.2. will rise, 
and this potential rise is impressed on conductor 
38 and terminal 382, which is connected to ter 
minal 383 (Fig. 2), to which the firing impulse 
conductor 9-for the bank of impulse-generating 
tubes is coinected. 

Point 368 (Fig. 4) in the control grid circuit 
for tube 278 is connected over capacitor 384 of 
100 micro-microfarads to point 36 in the po 
tential supply circuit for anode 359 of tube 27 
and enables the potential drop of the anode 359 
of tube 2 to reduce conduction in tube 28, 
which, as explained above, provides the posi 
tive firing impulse for the impulse-generating 
tubes. 
The above control means, which recycles the 

generating means after a previous operation, 
thereof, is also used to cause the first operation 
of the generating means to take place after a 
start key is operated; however, the operation is 
slightly different. It will be recalled that the "I' 
selector tube (Fig. 3) for the first bank of keys 
is fired immediately after the start key is oper 
ated, and, accordingly, the first tube 2 of the 
three sequentially operable gaseous electron tubes 
must not be operated to send a firing impulse to 
the bank of selector tubes before the first firing 
impulse is sent to the bank of impulse-generating 
tubes. If the firing impulse were sent to the bank 
of selector tubes by tube 274 before the first firing 
impulse was impressed on the impulse-generating 
means, the next selector tube, the 'II' tube, would 
be operated and render the first bank of keys 
ineffective before they exerted their control. 

Therefore, in the first cycle of operation of the 
generating means after the start key is depressed, 
an impulse is impressed directly on the control 
grid 385 of the third tube 276 of the sequence to 
cause that tube to fire and become conducting and 
thereby cause the first firing impulse to be im 
pressed on the bank of impulse-generating tubes. 
The manner in which tube 276 is fired at the 
start of the impulse-generating operation will 
now be explained. 

Start and stop control means 
After keys in the various control banks have 

been depressed, the impulse-generating Opera 
tion is initiated by momentarily depressing the 
start key 217 (Fig. 5), which closes the energiz 
ing circuit for a starting relay 386. The circuit 
extends from terminal 387, upon which may be 
impressed any desirable potential, to the point 
388, and thence over conductor 389, eontacts 390 
closed by key 27, point 39 f, conductor 392, and 
over the winding of relay 386 to ground. When 
the starting relay 386 is energized by the opera 
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tion of the start key, it closes a holding circuit 
for itself from terminal 387, point 388, normally 
closed contacts 393, conductor 394, contacts 35 
closed by the starting relay, point 39, and over 
the winding of the starting relay 386 to ground. 
This circuit will maintain the starting relay in 
energized condition after the start key 27 has 
been released and until the normally closed con 
tacts 393 are opened by the energization of the 
stop relay 396, in a manner to be explained here 
in after, to terminate the impulse-generating op 
eration. 

Starting relay 386 also closes contacts 40, 39, 
398, and 399 to apply potential to the various 
tubes of the apparatus. Upon the initial opera 
tion of the armature 40 of the starting relay, 
contacts 397 and 407 are closed. Contact 38: 
closes a circuit from the source 403 of iO5-voit, 
positive potential to the anodes of a pair of gase 
ous electron tubes 404 and 405, used, respective 
ly, as a start tube and a stop tube, and also to 
terminal 00, which is connected to terminals 
f00a (Fig. 2) and f OOb (Fig. 4) to supply the eie 
ments of the tubes connected to these various 
terminals with a positive potential of 105 volts as 
long as the impulse-generating means is operat 
ing. Contact 407 closes a circuit to terminal 200 
from source 402 of positive potential of 150 volts. 
Terminal 200 (Fig. 5) is connected to terminals 
200a (Fig. 2), 200th (Fig. 3), and 20 Oc (Fig. 4) 
and supplies these terminals with a positive po 
tential of 150 volts whenever the impulse-gener 
ating means is operating. 

Further operation of armature 40 causes con 
tact 398 to close after contact 397 and apply the 
positive potential of 105 volts to terminal 400, 
which is connected to terminal 400a (Fig. 4) and 
delays the application of potential to the anodes 
of the sequentially operable tubes 274, 275, and 
276 (Fig. 4) until after tube 66 (Fig.2). has been 
fired, this delay preventing the initial firing of 
tube d66, which occurs when the contact 397 is 
closed, from causing tube 274 to be fired in 
properly before the first operation of the gerer 
atting means. 
Contact 399 also closes after contacts 397 and 

407 and connects the source 406 of 150-volt neg 
ative potential to terminal 300, which is connect 
ed to terminal 300a (Fig. 3). Contact 399 de 
lays the application of negative potential to the 
control grid 250 (Fig. 3) of the first selector tube, 
the 'I' tube, until after contact 407 (Fig. 5) has 
closed and applied a positive potential of 150 
Volts to the anode 249 of this tube, thus causing 
the tube to be fired immediately. 
The application of 105-volt positive potential 

to the anode of the start tube 404 (Fig. 5) by the 
closure of contact 397 causes the start tube 404 to 
be fired after a slight delay and rendered con 
ducting. The circuits for accomplishing this are 
as follows. 
Cathode 4 of the start tube is given a nega 

tive potential of 19.5 volts by being connected at 
point 42 in a cathode potential supply circuit 
which extends from point 43 on a negative po 
tential supply conductor 4 f4, upon which a nega 
tive potential is applied at source 406, and con 
tinues over resistor 45 of 100,000 ohms, point 
42, and to ground over resistor 4 f6 of 15,000 
Ohms. 

Before the start relay 386 is energized, the con 
trol grid 47 of the start tube is given a negative 
potential of 150 volts by means of a circuit which 
extends from point 48 on the negative potential 
supply conductor 4 f4, over resistor 49 of 500,000   
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ohms, and point 42. The anode 2 of the start 
tube 404 is also given a negative potentian of 150 
volts before the start relay is energized, which 
potential is obtained from the point 420 in the 
grid circuit, over resistor 422 of 500,000 ohms, 
point 423, and resistor 424 of 2,000 ohms. 
When the starting relay closes contact 
9, positive potential of 105 volts is applied to 
the anode 42 from source 403, over contact 3, 
conductor 25, resistor 426 of 250 ohms, point 2, 
and resistor 24. The positive potential which is 
applied to the anode by the closing of contact 

will also be effective, over the circuit from 
point 2 in the anode potential supply circuit to 
point 20 in the control grid circuit, to raise the 
potential of the control grid 4 above its critical 
value and cause the start tube to fire and become 
conducting. A capacitor of 1 microfarad is con 
nected between point 420 and ground to provide 
a slight delay in the firing of tube 404 after con 
tact 9 is closed, 

O 

As the start tube fires and becomes conducting, . 
the potential of its cathode 4 will rise from a 
negative potential of 19.5 volts to a positive 
potential of 75 volts. An electrostatic cou 
pling, extending from the cathode 4f of the 
start tube 40 at point 42 and continuing over 
conductor 427, terminal 428, which is connected 
to terminal 429 (Fig. 4), and over capacitor 430 
of 10 micro-microfarads to point 43 in the cir 
cuit to the control grid 385 of tube 276, enables 
the potential rise of the cathode 4 of the start 
tube 404 to fire tube 276 and cause a firing im 
pulse to be impressed on the firing impulse con 
ductor 9 of the bank of impulse-generating 
tubes to initiate the first sequential firing of these 
tubes. 
After the first sequential firing of the impulse 
generating tubes, the recycling control means de 
scribed earlier herein will cause the various banks 
of keys to be rendered effective one after another 
and will cause the recycling of the bank of in 
pulse-generating tubes for each bank of keys. 
After the operation in which the last bank of keys 
has been in control, the recycling control means 
will cause the auxiliary control tube 26 (Fig. 3). 
of the bank selector switching means to be fired 
to render the last bank of keys ineffective and 
to cause the firing of the stop tube 405 (Fig. 5), 
which terminates the operation of the impulse 
generating means by energizing the stop relay 
396 and thereby opening the holding circuit for 
the start relay. 
Cathode 432 of the stop tube is at ground po 

tential, being connected directly to ground. 
Control grid 33 of the stop tube has a negative 
potential of 19.5 volts applied thereto by being 
connected over resistor 434 of 50,000 ohms, point 
435, and resistor 436 of 500,000 ohms to point 437 
in a negative potential Supply circuit which be 
gins at point 438 on the negative potential supply 
conductor 44 and extends over resistor 439 of 
200,000 ohms, point 437, and to ground over re 
sistor 440 of 30,000 ohms. This potential will 
prevent the stop tube from firing until an impulse 
is impressed thereon. 
Anode 446 of the stop tube 405 has a positive 

potential of 105 volts applied thereto when con 
tact 39 is closed by the starting relay. The 
circuit extends from point 44 on conductor 425, 
over conductor 448, winding of stop relay 396, 
and resistor 449 of 5,000 ohms to anode 446. 
Until the stop tube fires and becomes conducting, 
there will be no current in the circuit which in 
cludes the winding of the stop relay; however, as 
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soon as the stop tube is fired and becomes con 
ducting, the stop relay I will be energised and 
cause the contact 3 to open and interrupt the 
holding circuit for the start relay. 

Control grid 4 of the stop tube 4S is elec 
trostatically coupled to the cathode 282 (Fig. 3) 
of the auxiliary control tube 2, the coupling 
extending from point 2 (Fig. 3) in the cathode 
potential supply circuit for the auxiliary control 
tube 2, over conductor 450, terminal 45, which 
is connected to terminal 2 (Fig. 5), and thence 
over capacitor 4 of 10 micro-microfarads to 
point 8 in the control grid circuit for the stop 
tube. The potential rise of the cathode 22 of 
the auxiliary control tube 2 is effective through 
this coupling to fire the stop tube 4 and cause 
the stop relay 96 to be energized and open the 
holding circuit for the start relay . 
The opening of the holding circuit for the start 

relay 38 will cause it to be deemergized and open 
the contacts 39, 898, and 40, which remove 
positive potential from all the tubes and cause 
them to cease conducting and open contacts 
to remove potential from the control grid 250 of 
the first selector tube of the selector switching 
means. In this condition, the apparatus has been 
cleared and made ready for another operation. 

OPERATION 
In the operation of the novel apparatus, the 

control keys of the various banks are depressed 
according to the number of impulses desired in 
each of the five groups of impulses which are 
to be generated in automatic succession. 

the start key is operated to render the first 
bank of keys effective to control the impulse 
generating means and to initiate its first differ 
ential operation to generate a number of impulses 
as determined by the key which was depressed 
in the first bank of keys. The same impulse 
generating means is operated over and over to 
produce the different groups of impulses, and, at 
the end of the first and subsequent differential 
operations, recycling means are operable to con 
trol the bank selector switching means to render 
a previously effective bank of keys ineffective to 
control the generating means and to render an 
other bank of keys effective to control a further 
differential operation of the same generating 
means. The recycling control means is also ef 
fective to initiate a differential operation of the 
impulse-generating means each time a new bank 
of keys has been rendered effective. After the 
last differential operation of the impulse-gen 
erating means, which is the fifth operation in the 
disclosed embodiment, an auxiliary control tube 
in the bank selector switching means is oper 
ated to render the fifth bank of keys ineffective 
and also to set in motion the means for termi 
nating the operation of the impulse-generating 
e.S. 
Applicants' novel impulse-generating means, 

therefore, provides a simplified means for gens 
erating a plurality of groups of impulses by en 
abling a single differentially operable impulse 
generating means to be operated repeatedly and 
enabling different banks of control means to be 
rendered effective one after another to control 
different ones of Said Operations. 
While the form of the invention herein shown 

and described is admirably adapted to fulfill the 
objects primarily stated, it is to be understood 
that it is not intended to confine the invention 
to the one form or embodiment herein disclosed, 
for it is susceptible of embodiment in various 
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forms all coming within the scope of the claims 
which follow. 
What is claimed is: 
1. In a device of the class described, the com 

bination of an impulse-generating means differ 
entially operable to produce Selected different 
numbers of impulses; a plurality of normally in 
effective control means common to the impulse 
generating means for controlling the differential 
operation of the impulse-generating means in 
each of a corresponding plurality of Operations 
thereof; and means for rendering the various 
control means effective one at a time in Successio 
to control the operation of the impulse-generat 
ing means in the several operations thereof to 
determine the number of inpulses to be produced 
by successive operations of the impulse-generat 
ing Iries.I.S. 

2. in an apparatus of the class described, the 
combination of an itingulse-generating means in 
cluding a plurality of Sequentially operabie elec 
tronic devices, each of which devices produces a 
impulse when operated; a plurality of settable 
control means for controlling the impulse-gener 
ating means, each control means, when rendered 
effective, being operable according to its setting to 
select the number of devices that will be oper 
ated in Sequence in an operation of the impulse 
generating means, whereby to control the number 
of impulses which will be produced; and means 
for rendering the various control means effective 
one after another to control the impulse-gee 
ating means to determine the number of devices 
which will operate in sequence in each of the 
Successive operations of Said impulse-generating 
88S. 
3. In an apparatus of the class described, the 

combination of an impulse-generating means in 
cluding a plurality of sequentially operable elec 
tronic devices, each of which devices produces an 
impulse when operated; a plurality of normally 
ineffective Selectively settable control means for 
controlling the impulse-generating means, each 
control means, when rendered effective, being 
operable, according to its setting, to select the 
number of devices that will be operated in Se 
quence in an Operation of the impulse-generating 
means, whereby to control the number of in 
pulses which will be produced; means for ren 
dering the various ones of the plurality of con 
trol means effective, one after another, to control 
the impulse-generating means to select the num 
ber of devices which will operate in a sequence in 
each of a corresponding plurality of successive 
operations of Said impulse-generating means; and 
means to initiate a Sequential operation of the 
devices each time a control means has been re 
dered effective. 

4. In an apparatus of the class described, the 
combination of an inpulse-generating means in 
cluding a plurality of gaseous electron tubes inter 
connected to be filed and rendered conducting 
one at a time in an automatic sequential Oper 
ation, each of which tubes produces an impulse 
when it is fired and becomes conducting, and also 
including common output means upon which the 
impulses are impressed by all the tubes; a plu 
rality of control means, each control means, 
when rendered effective, being operable to select 
with which of the plurality of tubes in the Se 
quence the automatic Operation Will begin where 
by to conti'ol the number of tubes that will be 
operated in Sequence in an Operation of the im 
pulse-generating means, and the number of in 
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pulses which will be produced; and means for 
rendering the various control means effective one 
after another to select the tubes with which the 
automatic sequential operation of the tubes will 
begin in successive operations of Said impulse 
generating meanS. 

5. In an apparatt.S of the class described, the 
combination of an impulse-generating means in 
cluding a plurality of Sequentially operable elec 
tronic devices, each of which devices produces an 
impulse when operated; a plurality of banks of 
depressible keys; circuits selectively closable by . 
the depressed keys in the various banks and, when 
rendered effective, operable to select the number 
of electronic devices that will be operated in se 
quence in an operation of the impulse-generating 
means, whereby to control the number of im 
puses which will a produced; nears for ren 
dering the circuits closed by the keys in the war 
ious banks effective one after another to control 
the number of devices which will operate in se 
quence in successive operations of said impulse 
ge era, i.2g in eans; and 220&.S to initiate the suc 
cessive operations of the impulse-generating 
In earl S. 

8. in an apparats of the class described, the 
cornbiaation of an in pulse-generating means in 
cluding & plurality of Segligentially operable elec 
tronic devices, each of which devices produces an 
impulse when operated; a plurality of control 
near S, 32Ch controi i.eans, when rendered ef 
fective, being operaale to Select the number of 
devices i.i.at will be operated in sequence in an 
operation of the inpulse-generating means, 
whereby to control thentinber of impulses which 
will be produced; ineans to initiate each sequen 
tial operation of the electronic devices of the im 
pulse-generating means; selector means operable 
to resider the control neans effective, one at a 
time, to control Successive operations of the im 
pulse-generating means; and means to control 
the Selector means to render the control means 
effective one after another in automatic succes 
sion and to render the initiating means effective 
to initiate a sequential operation of the impulse 
generaing means each time another control means 
has been rendered effective. 

7. In an apparatus of the class described, the 
combination of an impulse-generating means re 
peatedly Operable to produce a plurality of groups 
of impulses, Said generating means including a 
plurality of Sequentially operable electronic de 
vices, each of which devices produces an impulse 
When Operated; a plurality of groups of manipu 
lative devices, each group of manipulative de 
vices being normally ineffective but, when ren 
dered effective, being operable to select the num 
ber of electronic devices that will be operated in 
Sequence in an operation of the impulse-generat 
ing means, whereby to control the number of in 
pulses which will be produced in each group of 
impulses; means to initiate each sequential oper 
ation of the impulse-generating means; selector 
means Operable to render the groups of manipula 
tive devices effective, one at a time, to control 
Successive operations of the impulse-generating 
means; and means automatically operable at the 
end of each operation of the generating means to 
control the selector means to render another 
group of manipulative devices effective and to 
control the initiating means to initiate another 
Sequential operation of the impulse-generating 
eaS. 

8. In an apparatus of the class described, the 
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combination of an impulse-generating means in 
cluding a plurality of sequentially operable elec 
tronic devices, each of which devices produces 
an impulse when operated; a plurality of con 
trol neans, each control means, when rendered 
effective, being operable to select the number of 
devices that will be operated in sequence in an 
operation of the impulse-generating means, 
whereby to control the number of impulses which 
will be produced; means to initiate each sequen 
tial operation of the impulse-generating means; 
selector means including a bank of gaseous elec 
tron tubes operable one after another in sequence 
in response to impressed impulses to render the 
control means effective, one at a time, to control 
successive operations of the impulse-generating 
means; and means set in operation by the opera 
tion of the last device of the impulse-generating 
means to impress an impulse on the tubes of 
the selector means to cause an operation thereof 
to render another control means effective and to 
cause an operation of the initiating means to in 
itiate a further operation of the impulse-generat 
ing means, 

9. In an apparatus of the class described, the 
combination of an impulse-generating means in 
cluding a plurality of gaseous electron tubes in 
terconnected to be fired and rendered conducting 
one at a time in sequence, each of which tubes 
produces an impulse when it is fired and ren 
dered conducting; a plurality of banks of de 
pressible keys; circuit selectively closable by the 
depressed keys in the various banks, and, when 
rendered effective, being operable to select the 
number of tubes that will be fired and rendered 
conducting in sequence in an operation of the im 
pulse-generating means, whereby to Control the 
number of impulses which will be produced; 
means to initiate each sequential fring of the 
tubes of the impulse-generating means; selector 
means operable to render the circuits closed by 
the keys in the various banks effective, one at a 
time, to select the number of tubes to be fired in 
sequence in successive operations of the impulse 
generating means; and means to control the se 
lector means to render the circuits closed by the 
keys in the different banks of keys effective One 
after another in automatic succession and to con 
trol the initiating means to initiate a sequential 
firing of the tubes of the impulse-generating 
means each time a circuit controlled by another 
bank of keys has been rendered effective. 

10. In an apparatus of the class described, the 
combination of an impulse-generating means in 
cluding a plurality of sequentially operable elec 
tronic devices, each of which devices produces an 
impulse when operated; a plurality of control 
means, each control means, when rendered effec 
tive, being operable to select the number of de 
vices that will be operated in sequence in an op 
eration of the impulse-generating means, where 
by to control the number of impulses which will 
be produced; means to initiate each sequential 
operation of the impulse-generating means; se 
lector means including a bank of gaseous electron 
tubes operable one after another in sequence in 
response to impressed impulses to render the con 
trol means effective, one at a time, to control suc 
cessive operations of the impulse-generating 
means; and means to impress impulses on the 
tubes of the selector means to cause their sequen 
tial operation to render the control means-effec 
tive one after another in automatic sucession, and 
to control the initiating means to initiate a se 
quential operation of the impulse-generating 

10 

s 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

13 
means each time another control means has been 
rendered effective, 

11. In an apparatus of the class described, the 
combination of a bank of gaseous electron tubes; 
means connecting the electron tubes in a chain 
sequence so that they will be fired and become 
conducting automatically one after another in 
sequence toward one end of the chain after any 
electron tube in the bank has been fired and ren 
dered conducting; a plurality of settable control 
means, each control means, when rendered ef 
fective, being operable to select any one of the 
electron tubes with which the sequential opera 
tion is to begin, so that the firing of the tubes may 
begin at any point in the chain, thus enabling 
different numbers of tubes in the bank to be se 
lected for sequential Operation; means to cause 
the selected electron tube to be fired and become 
conducting to initiate the automatic sequential 
firing of the selected number of electron tubes 
which follow the selected tube in the chain se 
quence; and means to render the control means 
operable one after another in automatic succes 
sion to control successive operations of the bank 
of tubes. 

12. In an apparatus of the class described, the 
combination of a bank of gaseous electron tubes; 
means connecting the electron tubes in a chain 
sequence so that they will be fired and become 
conducting automatically one after another in 
sequence toward One end of the chain after any 
electron tube in the bank has been fired and ren 
dered conducting; a plurality of settable control 
means, each control means, when rendered ef 
fective, being operable to select any one of the 
electron tubes with which the sequential opera 
tion is to begin, so that the firing of the tubes may 
begin at any point in the chain, thus enabling 
different numbers of tubes in the bank to be 
selected for sequential Operation; means to cause 
the selected electron tube to be fired and become 
conducting to initiate the automatic sequential 
firing of the selected number of electron tubes 
which follow the selected tube in the chain se 
quence; selector means to render the control 
means operable one after another in automatic 
succession to control successive operations of the 
bank of tubes; and means set into operation by 
the firing of the last tube of the chain sequence 
for causing an operation of the selector means to 
render another control means operable to con 
trol the bank of tubes and to cause the initiating 
means to operate to recycle the bank of tubes. 

13. In an apparatus of the class described, the 
combination of a bank of gaseous electron tubes, 
said bank of tubes being operable repeatedly to 
produce a plurality of groups of impulses; means 
connecting the electron tubes in a chain sequence 
so that, for each operation of the bank of tubes, 
they will be fired and become conducting auto 
matically one after another sequence toward one 
end of the chain after any electron tube in the 
bank has been fired and rendered conducting; 
a plurality of groups of normally ineffective ima 
nipulative devices; means controlled by the 
groups of manipulative devices, and operable 
when the groups of devices are rendered effective, 
to select those electron tubes with which the 
sequential operation is to begin in the repeated 
operations of the bank of tubes, so that the firing 
of the tubes in the several operations of the bank 
may begin at any point in the chain, thus en 
abling different numbers of tubes i.i. the bank to . 
be selected for sequential operation to produce 
different numbers of impulses; means to cause 
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the electron tubes selected to initiate the several 
operations to be fired and become conducting to 
initiate in each operation the automatic Sequen 
tial firing of the selected number of electron tubes 
which follow the selected tube in the chain se 
quence; and means to render different groups of 
manipulative devices effective for controlling, re 
spectively, the different operations of the bank 
of tubes, whereby a single bank of tubes can be 
operated repeatedly under control of different 
groups of manipulative devices to produce a plu 
railty of groups of impulses containing selected 
numbers of impulses as determined by the ma 
nipulative devices. 

14. In a device of the class described, the cons). 
bination of a plurality of gaseous electron tubes, 
each tube containing an anode, a cathode, and ::, 
control grid; means to supply positive potentis. 
to the anodes of the tubes; separate negative : 
tential supply means for the cathode of each 
tube, said separate supply means includilig re 
sistors to cause the potential of the cathode of a 
tube to rise when that tube becomes conducting; 
ineans for supplying negative potential bias to the 
control grids and for connecting the tubes for 
automatic operation on after another in se 
quence, said last-mentioned means consisting of 
circuits extending from the cathode potential 
supply means for any of the various tipes to the 
control grid of the next tube to be operated in 
the Sequence, said circuits supplying normal neg 
ative bias to the control grids and enabling the 
potential rise of the cathode of a tube in the se 
quence to reduce the bias of the control grid of 
the next tube in the sequence to cause the auto 
matic sequential firing of the tubes in the bank 
after any tube in the bank has been fired and 
tendered conducting; means to impress a firing 
impulse on the control grids of the tubes, said fir 
ing impulse being ineffective to overcome the nor 
Srial negative bias on the control grids but effec 
tive to fire any tube which has been "primed' 
or had "priming' potential applied to its control 
rid to reduce the bias to a value where the firing 

limpulse can cause that tube to fire and become 
c ducting to initiate the sequential operation of 
the remaining tubes of the sequence; a plurality 
if control means; a potential supply conductor 
for each control means; a "priming' circuit ex 
tending from the control grid of each of said 
tubes; contacts closable by said control means for 
Selectively connecting the "priming' circuits to 
the potential supply conductors; selector means 
for applying "priming' potential to the potential 
supply conductors one at a time in succession to 
enable the various control means to be effective 
one after another to select the tubes with which 
the sequential firing will begin in successive oper 
ations of the bank of tubes; and means to control 
the selector means to cause "priming' potential 
to be applied to a different potential supply con 
ductor after each operation of the bank of tubes 
and to control the firing impulse means to in 
press a firing impulse on the bank of tubes each 
time "priming' potential has been applied to an 
other potential supply conductor. 

15. In a device of the class described, the com 
bination of a plurality of gaseous electron tubes, 
each tube containing an anode, a Cathode, and 
a control grid; means to supply positive poten 
tial to the anodes of the tubes; separate negative 
potential supply means for the cathode of each 
tube, said separate supply means including re 
sistors to cause the potential of the cathode of a 
tube to rise when that tube becomes conducting; 
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2,398,150 
means for supplying negative potential bias to the 
control grids and for connecting the tubes for 
automatic operation one after another in se 
quence, said last-mentioned means consisting of 
circuits extending from the cathode potential 
supply means for any of the various tubes to the 
control grid of the next tube to be oper ted in the 
sequence, said circuits supplying normal negative 
bias to the control grids and enabling the poten 
tial rise of the cathode of a tube in the sequence 
to reduce the bias of the control grid of the next 
tube in the Sequence to cause the automatic Se 
quential firing of the tubes in the bank after any 
tube in the bank has been fired and rendered 
conducting; means to impress a fring impulse 
On the control grids of the tubes, said flring in 
pulse being ineffective to overcome the normal 
negative bias On the control grids but effective to 
fire any tube which has been "primed' or had 
"priming' potential applied to its control grid to 
reduce the bias to a value where the firing in 
pulse can cause that tube to fire and become 
Conducting to initiate the sequential operation of 
he remaining tubes of the sequence; a plurality 
of banks of keys; a potential supply conductor 
for each bank of keys; a "priming' circuit ex 
tending from the control grid of each of Said 
tubes; contacts closable by said keys for Selec 
tively connecting the "priming' circuits to the 
potential supply conductors; selector means for 
applying "priming' potential to the potential 

3 5 

45 

50 

55 

60 

70 

5 

supply conductors one at a time in succession to 
enable the banks of keys to be effective One after 
another to select the tubes with which the se 
quential firing will begin in successive operations 
of the bank of tubes; and means to control the 
selector means to cause "priming' potential to be 
applied to a different potential supply conductor 
after each operation of the bank of tubes and to 
control the firing impulse means to impress a 
firing impulse on the bank of tubes each time 
“priming' potential has been applied to another 
potential supply conductor. 

16. In a device of the class described, the con 
bination of a plurality of gaseous electron tubes, 
each tube being an impulse-generating tube and 
containing an anode, a cathode, and a control 
grid; means to supply positive potential to the 
anodes of the tubes; separate negative potential 
supply means for the cathode of each tube, said 
separate supply means including resistors to 
cause the potential of the cathode of a tube to 
rise when that tube becomes conducting; means 
for supplying negative potential bias to the con 
trol grids and for connecting the tubes for auto 
matic operation one after another in sequence, 
said last-mentioned means consisting of circuits 
extending from the cathode potential Supply 
means for any of the various tubes to the Con 
trol grid of the next tube to be operated in the 
sequence, said circuits Supplying normal negar 
tive bias to the control grids and enabling the 
potential rise of the cathode of a tube in the 
sequence to reduce the bias of the control grid 
of the next tube in the sequence to cause the 
automatic sequential firing of the tubes in the 
bank after any tube in the bank has been fired 
and rendered conducting; means to impress a 
firing impulse on the control grids of the tubes, 
said firing impulse being ineffective to overcome 
the normal negative bias on the control grids 
but effective to fire any tube which has been 
“primed' or had "priming' potential applied to 
its control grid to reduce the bias to a value 
where the firing impulse can cause that tube to 
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fire and become conducting to initiate the se 
quential operation of the remaining tubes of the 
sequence; a plurality of banks of keys; a poten 
tial supply conductor for each bank of keys; a 
"priming' circuit extending from the control grid 
of each of Said tubes; contacts closable by Said 
keys for selectively connecting the "priming' cir 
cuits to the potential supply conductors; selector 
means including a bank of gaseous electron tubes, 
operable in a chain sequence in response to im 
pressed impulses, for applying "priming' poten 
tial to the potential supply conductors one at a 
time in succession to enable the banks of keys 
to be effective one after another to select the 
impulse-generating tubes with which the sequen 
tial firing will begin in successive operations of 
the plurality of impulse-generating tubes; and 
means to impress an impulse on the selector 
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means to cause the Selector tubes therein to oper 
ate and apply "priming” potential to a different 
potential supply conductor after each operation 
of the plurality of impulse-generating tubes, and 
to control the firing impulse means to impress a 
firing impulse on the plurality of impulse-gener 
ating tubes each time "priming' potential has 
been applied to another potential Supply con 
ductor. 

17. In an apparatus of the class described, the 
combination of an impulse-generating means in 
cluding a plurality of sequentially operable elec 
tronic devices, each of which devices, produces 
an impulse when operated; a plurality of con 
trol means, each control means, when rendered 
effective, being operable to select the number 
of devices that will be operated in sequence in 
an operation of the impulse-generating means, 
whereby to control the number of impulses which 
will be produced; means to initiate each sequen 
tial operation of the impulse-generating means; 
selector means including a bank of gaseous elec 
tron tubes operable One after another in sequence 
in response to impressed impulses; unidirectional 
means connecting the tubes to the various con 
trol means to enable the tubes when operated 
to render the control means effective, one at a 
time, to control successive operations of the im 
pulse-generating means; and means set in oper 
ation by the operation of the last device of the 
impulse-generating means to impress an impulse 
on the tubes of the Selector means to cause an 
operation thereof to render another control 
means effective and to cause an operation of the 
initiating means to initiate a further operation 
of the impulse-generating means. 

18. In an apparatus of the class described, the 
combination of an impulse-generating means in 
cluding a plurality of sequentially operable elec 
tronic devices, each of which devices produces 
an impulse when operated: a plurality of control 
means, each control means, when rendered ef 
fective, being operable to select the number of 
devices that will be operated in sequence in an 
operation of the impulse-generating means, 
whereby to control the number of impulses which 
will be produced; means to initiate each sequen 
tial operation of the impulse-generating means; 
selector means including a bank of gaseous elec 
tron tubes operable one after another in sequence 
in response to impressed impulses; means, in 
cluding unidirectional devices, for connecting the 
tubes to the several control means to enable the 
tubes to render the control means effective, one 
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at a time, to control successive operations of the 
impulse-generating means; and means to impress 
impulses on the tubes of the selector means to 
cause their sequential operation to render the 
control means effective one after another in auto 
matic succession, and to control the initiating 
means to initiate a sequential operation of the 
impulse-generating means each time another 
control means has been rendered effective. 

19. In a device of the class described, the com 
bination of a plurality of gaseous electron tubes, 
each tube being an impulse-generating tube and 
containing an anode, a cathode, and a control 
grid; means to supply positive potential to the 
anodes of the tubes; separate negative potential 
supply means for the cathode of each tube, said 
separate supply means including resistors to cause 
the potential of the cathode of a tube to rise when 
that tube becomes conducting; means for sup 
plying negative potential bias to the control grids 
and for connecting the tubes for automatic op 
eration one after another in sequence, said last 
mentioned means consisting of circuits extending 
from the cathode potential supply means for any 
of the various tubes to the control grid of the 
next tube to be operated in the sequence, said 
circuits supplying normal negative bias to the 
control grids and enabling the potential rise of 
the cathode of a tube in the sequence to reduce 
the bias of the control grid of the next tube in 
the sequence to cause the automatic sequential 
firing of the tubes in the bank after any tube in 
the bank has been fired and rendered conduct 
ing; means to impress a firing impulse on the 
control grids of the tubes, said firing impulse 
being ineffective to overcome the normal nega 
tive bias on the control grids but effective to fire 
any tube which has been "primed' or had “prim 
ing' potential applied to its control grid to re 
duce the bias to a value where the firing impulse 
can cause that tube to fire and become conduct 
ing to initiate the sequential operation of the re 
maining tubes of the sequence; a plurality of 
banks of keys; a potential supply conductor for 
each bank of keys; a "priming" circuit extending 
from the control grid of each of said tubes; con 
tacts closable by said keys for selectively con 
necting the "priming" circuits to the potential 
supply conductors; selector means consisting of 
a bank of gaseous electron tubes, operable in a 
chain sequence in response to impressed im 
pulses; means, including unidirectional devices, 
for connecting the various potential supply con 
ductors to the tubes of the selector means to en 

5 able these tubes to apply "priming' potential to 
the potential supply conductors one at a time 
in succession to enable the banks of keys to be 
effective one after another to select the impulse 
generating tubes with which the sequential firing 
will begin in successive operations of the plurality 
of impulse-generating tubes; and means to im 
press an impulse on the selector means to cause 
the selector tubes therein to operate and apply 
"priming' potential to a different potential sup 
ply conductor after each operation of the plu 
rality of impulse-generating tubes and to control 
the firing impulse means to impress a firing im 
pulse on the plurality of impulse-generating tubes 
each time "priming” potential has been applied 
to another potential supply conductor. 
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