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Th]s 1nvent10n relaﬁes f;”o an électronic eiectric

The impuises afé each Proaced. by the ﬁ’fing of ¥
ty

one of a plurality 6f gaseous eleet:
ranged in an endléss opera.tive chain
and cydlic operation. ‘
for an example are of the type haMng about a
16-volt anode-cathode voltdge drop w“hen con=
ductmg and requmng a controllmg ngd bxas po-

genera‘ted The tubes in the
fired one at a tire in seque
cles

_‘_GIESS cha“m are
repeatedly ifi ey-
A partlal cycle 1s rov;ded mr to be’ o ne

tive coritrol means whxch dete mines the ntiiber
of fubes to, operate in the partlal cycle,f 1f any,

and to determlne the numbe‘r T

the dec1ma1 nitmerical notation TE Wl b evl-" .

denit, however, thdt any nifierical notation and
any nimber of denoniinatiohs desffed gy be’
uséd in the construction of such & generator:

In general, the disclosire includes units, tens, 35 en

and’ hundreds banks of selectively onei*a“ble g
eous triodes, each Hank urder coﬁtfol’ of fine se-
lectlvely OPEr. able key‘ switches Kg‘wﬁim the Ak

each bank for operatio: The‘ tub6§ or the &
bank of tubes arg connected in an eﬁ‘dleﬁs* ape’ra‘-
tive chain for firing’ onte  at a’ time- in* gé
dutomatically after onde started € el
chain operation beginting at & selected tu

continuing cyclically until Spey
stoppediat o fixed e iy the chain: &S eacﬁ"’t’uﬁe
of the umts bank ﬁres it ﬁroduces a‘n impulse

in an endless operative chain oy firing” stép by
stép one at a time: in sequence' ane eyclica’liy,
exch- step” beirig' in résponse’ to i npu from:
the units bank transinitted-oxce ea;
anits bank,

16" which the operation commences.

© (CL 315:-230)
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mine at what tube in the tens bank the operatmn
is to'be commienced. The highest denomination-
al bank, iy this disclosure theé hundreds bask
includes a group of gaseous triodes operated i
a chain having a béginning point” and an end.
These tubes are operated step by step, each step
bemg eaused by an impulsé produced each cycle,
of opération of the tens bank. The “hundreds”
keys sélect that tube in the hundreds bank from’
‘When the last
tube of the hundreds chain is fired, the cycling
of the unifs ¢hain i§ stopped, and the operation’
is complete.
_ Therefore, the prlnclpal object of the invention
" i to provide a novel eléctron tube electric itn-
pulsé generator for producing a burst of eléctiic
[Mplilses. of unit value and of a precise selectéd
Rumpet,
Ariothér objéet of the invention is to provide an

20 eridless operatlve chain of electron tubes auto-

fiatically firivig one 4t a tirie in' Sequeiice, cyeli-
¢ally, under cortrol as to the number of cycles..

KAriother obJect of the inverntion is to provide
a pIurahty of gfoups of electron tubes, ong of the'

i groups being operable one at g time in evidlesy
chain iequence’ cyclically, and the other groups
dontrollitig the' number of full cycles that said’
fi¥st group of tubes operates, a§ selectively pie-

- détermired:

Another abject” of the 1nvent10n is to’ proVitle
6 endiess operative’ chain of electron tubes oper=
dble - automatically one at 4 time in sequernce
cyclica.m’

Krio

Another: obJedt of the mventmn is'to p
an endless cham of electron tubes rendered con-

Gyciléally, - to generate an e]ectric impiulse’ dn" &
comm‘on output circuit eachtime a tube hécomes

ATotHey’ object’ of the' invention'is to provide

¢ &5 denominational banks of electron tubes; the tubes:

of the loWest: bank belng automatlcally réndered
cbnductlng i éfdless chain: sequence step by step,:
oneat: a timd;-cyelically, said cyeles being count=
& and selectively:  determined in number by

50° Gperation of: the: higheyr denoniiidtional banks' of-

tubes: _
Anigther object of the.invention is to provide:
a’ plura]ity of dénominationa] groups of electron
iibés; the tubes of on group being: operated se-

“Tens” Keys-are operated: to: deter- 53 quentially” to produce’ impulses and cyclically to



3
operate the other groups as a multi-denomina-
tional counter to control the number of cycles of
said one group.

With these and incidental objects in view, the
invention includes certain novel features of con-
struction gnd combinations of elements, the es-

sentials of which are set forth in appended claims..

and a preferred form or embodlment of which is
hereinafter described with reference to the draw-

ings which accompany and form a part of this.:

specification.
Of said drawings:

Fig. 1 is a circuit dlagram of the operatlon- .

initiating electron tubes.
Pig, 2 is g circuit diagram of the umts bank
of the impulse generator and the output impulse

8,447,661
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power tubes, with a middle portion of the bank, .

omitted.

Fig. 3 is a circuit diagram of the tens. bank . ..

of the impulse generator, with a middle portion
of the bank omitted.

Fig. 4 is g circuit diagram of the hundreds
bank of the impulse generator, with a middle
pottion of the bank omitted.

Initiation of an Operation

‘ The initiation of an operation is caused by the
firing of certain of four grid-controlled electron
gas discharge tubes in a certain order automati-
cally. These four tubes 28, 21, 22, and 23 (Fig. 1)
receive their anode potential from a 115-volt
positive potential supply terminal 24, which, when
switch 2B is closed, energizes conductor 26 through
g, 100-ohm resistor 21. Capacitor 28 of .25 micro-
farad, coupling conductor 26 to ground, prevents

shock .application of potential to conductor 28§.

Starting tube 20 receives its anode potential
from conductor 26 through resistor 29 of 100,000
ohms, point 38, and resistor 43{ of 5,000 ohms.
Point 30 is coupled to conductor 26 by a capacitor
31 of .0005 microfarad to provide an initial high
current as tube 20 fires and becomes conducting.
The’ cathode of tube 20 is connected to ground
through resistor 32 of 25,000 ohms. The grid
of tube 20 is connected to conductor 33 supplied
with 150 volts negative potential, from source 34,
through resistor 35 of 500,000 ohms, points 36
and 31, and resistor 38 of 1.5 ‘megohms, which
makes the grid highly negative before switch 25
is-closed. Point 37 is connected to conductor 26
through resistor 39 of 1 megohm, and point 3§ is
coupled to negative 150 volt conductor 33 through
capacitor 40 of .02 microfarad. Consequently,
when switch 25 is closed, capacitor 31 becomes
charged before the larger capacitor 49, and finally,
as the point 36 becomes more and more positive,
tube 20 fires, and the momentary high current
through the tube due to capacitor 31 causes the
cathode to deliver, due to cathode resistance 32,
a sharp positive impulse at point 41. This im-
pulse fires a tube 21, the firing time of which is
used for delay purposes. Tube. 21 receives its
anode potential from conductor 26 through re-
sistor 42 of 1,000 ohms, point 43, and resistor 44
of 1,000 ohms.

The cathode of tube 21 is coupled to ground
through resistor 45 of 25,000 ohms in parallel
with capacitor 54 of .004 microfarad and is con-
nected to negative supply conductor 33 through
resistor 46 of 50,000 ohms ‘and . resistor 4T of
120,000 ohms, giving the cathode a normal poten-
tial of about 19 volts negative. Point 48, which
determines the normal potential .of the grid of,
tube 21, is connected to ground by . resistor -49
of 40,000 chms and is connected to the negative

20

36

=11
It

45

50

55

“43, beforé .described.
;,through remstor 58 of 50,000 ohms in parallel with
“capacitor 59 of .001 microfarad. The grid of tube

conductor 33 through resistor 50 of 100,000 ohms,
giving point 48 a normal potential of about 43
volts negative, which will maintain tube 2{ non-
conducting until point 51 receives the positive
impulse from point 41 through coupling capacitor
52 of .00005 microfarad, which fires tube 24. Grid
resistor. 53 is of 5,000 ohms. After delay capacitor
54 is’ charged astube’ 21 becomes conducting,
point 55 rises in potentlal due to the effect of
resistor 45, which rise in potential is reflected at
point 586, whlch determmes the grid potential

.-ofitube 22,

Tube 22 receives ﬂ:s anode potential from point
Its cathode is grounded

22 is at the normal potential of point 56, which
is-made ‘about- 57: volts negative. Thus, tube 22
is held from firing until its grid potential is raised
by the firing of tube 21 and its continued con-
duction until delay capacitor 60 of .004 micro-
farad is charged. Grid resistor 61 is of 500,000
ohms. As tube 22 fires, a sharp positive potential
1mpulse is produced at point 62 after delay capa-
citor 59 of .001 microfarad is charged. The im-
pulse at point 62 is conveyed through capacitor
63 of .00005 microfarad to point 64 to fire tube
23, which may or may not fire according to
whether an extra unit is to be entered in the
tens order of the impulse generator.

~ The cathode of tube 28 obtains its potential
through point 65 (see also Fig.2), point §6, con-
ductor 671, and point 68, which is the cathode
supply point for tube 69 in the units bank Con-
duction in tube 23 (Fig. 1) will therefore cause a
change in the potential of point 68 (Fig. 2) just
as though tube 69 were conducting. This rise in
potential of point 68 is to be observed later in
connection with ‘the description of the entry of
the extra unit. Point 68 (Fig. 2) is also connected
through terminal point 65 to the input conductor
110 (Fig. 3) of the téns order of the impulse gen~
erator for entering an extra unit mto the tens
order, as will be explained.

Point 62 is ‘also coupled through terminal 10
(Figs. 1 and 2), point 11 (Fig. 2), and capacitor
12 of .00005 microfarad to grid point 13, the
change in potential of which fires tube 74 when-
ever tube 22 (Fig, 1) fires. Point T(1 (PFig. 2) is
given a normal positive potential by being con-
nécted through resistor 75 of 50,000 ohms, point
16 (see also Fig. 4), the lower key switches of the
hundreds  key bank, point 17 (see also Fig.
3), the lower key switches of the tens key
bank, point 18 (see also Fig. 2), and the

" lower key switches of the units key bank to point

60

65

70

75

18, which connects to the 115-volt positive sup-
ply source 80. So, when no key is operated in
any bank, the cathode of tube 22 (Fig. 1) is held
S0 posmve ‘that it will not fire, thus preventing
impulses from being anomalousy generated. The
depression of any key will remove the positive
potential from the cathode of tube 22.

The normal . grid .bias of tube 23 (Fig. 1) is
obtained from ‘point 81, which is connected to
ground through resistor 82 of 30,000 ohms and
connected to the 150-volt negative conductor 33
through 1es1stor 83 of 100,000 ohms, thus giving
the said point 81 and the grid a resultant nega-
tive potential of .about 34 volts with respect to
the .cathode.  The normal grid bias of tube 74
(PFig. 2) is also obtained from point 81 (Fig. 1)
through terminal point 84 (see also Fig. 2), re-
sistor 85 of 250,000 ohms, and point 13.

Thus, tubes 20, 21, 22 and 23 fire in succession
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when: starting Key switch: 28 is. closed; edceph

that, when: no denondnational: Key is’ depressed;
only titbes: 20 and: 2t are: fited, and. except. when:
a key is. operated: irx the units bank,.in which:
event only: tubes: 20; 21, and: 22 are: fired; since;
as, later explained, tube 2§ is: deprived: of anode:
potentxal when a. key: is. depressed: in. the umts
bank:.

The positive: mlpulse which: appears. on: temm

nal:8T (Pig..1): a8 tube: 20 fires.is. used:to: prepare:

the. tens: and hundreds banks: of: the device: for
operation, it being obviously: necessary to. have
these: banks: ready. before the operafion: of’ the
units bank begins.. . Thie: pogitive- potential: ime
puise on termingl: point: T8, as tube: 22: fires; int=
tiates-the operation:in.the units:-bank. The cur=
rent: flow: through: point: 65: causes: the entering
af an.extra.unit afi data: mto the device: when and’
where. necessary:

The units bank -

'The units bank- of’ the- dévice ineludes eleven
saseous- triode-electron tubes, one of which; tube
14; participates-only in the-initiation of the cyclic
operation: The remaining ten- of the tubes:are
connected- in- an aufomatic- operative- circuit
whereby they-are.fired-one gt a time:in sequence:
in-an: endless- chaity- cycle: - As: any- one’ of the
elevenn tubes-is rendered: condticting, an output:
impulse is generated; thie total number-of which
output. impulses:being-the-end result- of the op-
eration -of the device. 'Fhe:ten tubes-will be: des-
ignated by the termis: “first;” “seeond;” “third;”
“fourth,’ “Gfth7 “sixth;” " “seventh,”” “eighth;”
“ninth,”’ and:*“tenth,” the: tulbes-intermediate the:
“second”’ and the “ninth? net being: shown, as
they. would: only uselessly. expand: the :eircuit
drawings:with repeating patterns: The designa-
tions, of :the-tubes:in this vnits:bank-or the tens:
and hundreds bank-dre:notineeessarily: digit-val-
ues, but: meredy: repz:esent theitr; oxrder in-the end=
less:chain.

The anodes of:the tubes:of the endless:chain:
and: tube: 14; constituting the.units.bank; receive:
a: 115<volt. positive: sipply: by: being- commonly:
connected:te eonductor: 80 which: isi: connected
through- resistor 94 0f:3,000c0hms,; peint: 82, and:
resistor- 93 -of- 300 ohms: to: supply: terminal 80
Point 92:.4s coupled to ground: by capacitor:94-of

.. microfarad, which: absetbs.shock- applications:

of:potential and.stabilizes. the potential of point:
92,

The: grid. potentla.l -supply, for -tube. 14, has:

already ,been. explained, and.the cathode. of tube.

14 obtains its: potential from-.peint.68. or: -other-
AC=

cathode point,, such, as:points.; 10 and. {41,
cording.as. Whether or.not a:key in theunits bank
has been. operated. . The. eathode. of each. tube:
of the endless chain is coupled.to ground through
3, resistor ;of 15,000 ohms, like. resistor.85;.in pars
allel ‘with a resistor- of .1,000, ohms,. like resistor
96; which is in_series. with: a.. capacltor of .004.
microfarad, like. capacitor 97, ‘and.is coupled to.

115-volt negdative supply conducter 88 through a-

150,000-0hm resistor, like resistor 99;.a.point,.like
_point 100, and_a 300,000-ohm resistor,. like ve-
sistor 151,  This gives thie cathodes each.a poten-
tial of about 4 volts negative wkien non-conduct-
ing; Points like point 100 have g normal poteri-
tial, whezr the associated cathode is non-conduct=

ing, of about.41 ‘volts negative and are cornected:

to the control grid of the next succeeding tube

of the.chain,, as through:a pointlike 102 and &
resistor: of. 500 000" ohms: like resistor’ 108:  The’
conductor- 0%+ completes the - ‘coupling’ of the

i

i

prisd

28

3%

4@

45

55

60°

70

75

“tenth” tubeto the “first’” tube to close the chain
into an: endless.chain,  As. g tube of the endless
chain: of the units: bank commences: to conducs,
the 'eapacitor’ coupling: ‘its cathode’ to ground
charges, préventing. the immediate rise of its
cathode- potential-due to.the resistances: in the
cathode: supply: circuif.. During the first inferval
of charging.ofi the cathode-ground capacitor; the
gonductor 90: drops: in: potential to:within about:

. 22+volts.of ground.  Every other tube of the chain

is: éonnected to the: anode supply conductor 90;
and; it any- tube is: conducting, it will thereupon:
He extinguished, as its cathode-ground capacitor
hag therefore been charged, which maintains
thie eathode at high:potential as the anode poten-
tial dreps and overshoots such maintained poten=
tial of the catliode: ‘Sueh -extinguishing aection:
isrexplained more fully in-United States applica-
tion for Letters Patent, Serial No: 395,995, filed’
May 31, 1941, by Robert E. Mumma; which- 1ssued
June-4; 1946, as. Ui 8. Patent No. 2,401,657,

As a tube of the endless chain of ten-tubes in
the units bank of the-device hecomes conduct-
ing- and its cathede rises in- potential after the
cathode-ground- capacitor is charged, the- point’
corresponding to point {80 will rise in potential
sufficiently to cause: the grid: of the:succeeding
tube of the chain to fire; Consequently, the tubes
in the endless'chain of tubes will be rendered
conducting one ‘at a time in sequence-as long as’
the operation is not stopped. Negative impulses
will" ‘be--produced and' conveyed to point 105,
through capacitor 1906 of .00025 microfarad; each
titie @ tube- of the: chain' becomes conducting:

> Conduction in tube T4 also causes an impulse:

at point 105

The stopping of the operation of the endless:
chiain of the units' bank is°done by impressing
terminal - 10T with a- strong negative potential
to prevent the ‘“first” tube from being fired by
the “tenth” tube, and, as an-object of the inven-
tion is to-provide means to produce a number
of impulses-precise to-the unit; the endless chain
operation must be begun at a selected tube and
stop at"a fixed point, which will cause the de-
vice to produce an exact number of impulses:to
represent the units. order.. To this end, select-
ing keys, operating switches, determine where in
the' chiain the operation shall commence. Point

: pEL-is the fixed: point: for: stopping the. endless:

chain operation: Each: key' is given a value
characterization which -tells the number of-im-:
pulses - that will' be sent in a first partial cycle’
before-the “first” tube- is' fired to start a full
cycle, i such: key is operated.

The keys are numbel‘ed tig 2 it8 E2 3 li7 bl {{6 b2
“B g @3 e gnd “17 the keys in the de-
seending serieés-between “9”‘ and “2” not being
shown for-the reasons given before in connec-
tion: with' the-intermediate tubes of the endless
chain that are not shown,

As-an example; if the “9” key of the units
bank-is: operated; switch:- 108 moves to its lower

_ contacts; breaKing the connection from point ‘19:
7 to- point’ 78:-(see also’ Fig. 1), thus depriving the:

extra unit tube 23 of ‘anode potential, so' that:
it-cannot - fire. Switch 188 moves to its lower
contacts, breaking the normal connection  be-
tween the cathode of tube-74-and the cathode of
tube “first{"” and connects the cathode of tube
14“with the cathode of tube “second.” As tube’
22°(Wig. ¥y fires after closing starting key switch:
25 g 'positive’ impulse appears at point 107 (see’
also Fig. 2), which fires tube 14 to give the-first
cutput: inipulsé-on conductor §8; It will berobw
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served that the cathode of tube 14 receives. its
potential from the cathode of tube “second,” due
to the switching of switch 109 of the “9” key to
the lower contacts. The effect on point 110 is
to raise its potential as though the “second”
tube were conducting, which results in the tubes
“third,” “fourth,” “fifth,” “sixth,” “seventh,”
“eighth,” “ninth,” and “tenth” firing before the
operation of the units bank can be stopped. It
will be evident that nine impulses will have been
produced after the firing of the “tenth”. tube.
In the same manner, operation under control
of the “1” selecting key permits only tube 14 to
fire before the operation of the units bank can
be stopped by placing a stopping potential on
terminal 107. As the “tenth” tube fires, the
positive impulse appearing at point 68 is im-
pressed through termingl 65 (see also Fig. 3) to
the input conductor of the tens bank of the de-
vice, which is thereby operated a step at the
completion of each full cycle or part cycle of the
units bank.

In the event that no key is operated in the
units bank, tube 14 first operates, and tube “sec-
ond” is fired by the subsequent rise in potential
at point f1f. In addition, the extra unit tube
23 (Fig. 1) is supplied with anode potential,
which causes it to fire simultaneously with tube
14 (Fig. 2), and, through connection of its
cathode with the cathode of tube “tenth” of the
units bank, the common point §5 leading to the
input of the tens hank (Fig. 3) is given an extra
impulse. Therefore, if no key is operated in the
units bank, an extra impulse is supplied to the tens
bank.

Power amplifier electron tube 120 (Fig, 2) is
provided to amplify and convert the negative
output impulses appearing at point (05 into
positive impulses at terminal {22, and power
amplifier electron tube 12f produces amplified
negative impulses at terminal 123.

Thus, the odd units impulses, produced in the
first partial cycle of the units chain of tubes, are

selected by key switches characterized by a like

number. Full cycles of the units bank give ten
impulses each.

The tens bank

.The tens bank (Fig. 3) of the device includes
an auxiliary gaseous triode 200 and ten gaseous
triodes connected in an endless counting ring
operated step by step in response to impulses,
one impulse causing one step of operation.
There are shown in Fig. 3. only three tubes of

the ten tubes—the “first,” the “ninth,” and the

“tenth.” Tubes “second,” “third,” “fourth,”
“fifth,” “sixth,” “seventh,” and “eighth” are not
shown for the same reasons given for deletion
of some of the tubes of the units bank.

All of the tubes of the tens bank receive their
anode potential of 115 volts positive from con-
ductor 201 through 3,000-ohm resistor 202, point
203, and resistor 264 of 300 ohms. Capacitor
205 of .1 microfarad, coupling point 203 and
ground, acts as a shock absorber and stabilizer
in the application of potential to the tens bank.
The cathode of each tube of the ring is connect-
ed to ground through a 15,000-ohm resistor,
like resistor 206, in parallel with a resistor of
1,000 ohms, like resistor 201, in series with a
capacitor of .004 microfarad, like capacitor 208,
and is connected to the negative 150-volt con-
ductor 269 through a resistor of 100,000 ohms,
like resistor 210, a point, like point 211, and a
resistor of 100,000 ohms, like resistor 22, Un-
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der these circumstances, a cathode is normally
at about 10 volts negative when non-conduct-
ing. ‘The potential of the associated grid is nor-
mally held at about 87 volts negative, thus hold-
ing the tube in non-conducting-condition. The
grid of each tube of the tens chain is capacita-
tively coupled to input conductor .1710 and term-
inal 65 from the units bank through a capacitor

‘of .0005 microfarad, like capacitor 213, a point

like point 214, and a current-limiting resistor of
500,000 ohms, like resistor 215.  Resistors cor-
responding to resistor 216 are of 500,000 ohms.

- When tube 20 (Fig. 1) fires, a positive impulse
is impressed through terminal 87 (see also Fig. 3)
and capacitor 211 of .00005 microfarad to point
218, which is connected to the grid of auxiliary
tube 200 through resistor 219 of 50,000 ohms.
The grid of tube 200 is normally supplied with a
potential of about 34 volts negative, being con-
nected to point 228 through resistor 221 of 250,-
000 ohms, which point 228 is connected through
resistor 222 of 30,000 ohms to ground and through
resistor 223 to the 150-volt negative conductor
209. The cathode of tube 200, when no tens key
is operated, takes its potential from point 225,
which is 10 volts negative, or is given the same
potential by being switched by the upper key
switch when a tens key is operated, like, for in-
stance, the “9” switch 228, to the cathode of the
associated tube, which in the case of switch 226
is the “first” tube. Consequently, normally non-
conducting tube 200 is caused to conduct at the
commencement of an operation by the closing
of switch 25 (Fig, 1) and the ensuing conduction
in tube 20, which prodtices the positive pulse to
fire tube 200 (Fig. 3). As tube -200 fires, it
changes the cathode potential of the cathode to
which its own cathode is connected, in a positive
sense. . Thus, if the “9” key were operated; point
230 of the cathode of the “first” tube would be
caused fo rise in potential, which rise would be
transmitted in part to the grid of the “second”
tube to bring said “second” tube’s grid potential
high enough so that a positive impulse impressed
on input terminal 70 would fire the “second” tube.
In the event that no key of the tens bank is oper-
ated, the “tenth” tube’s cathode is raised in po-
tential as tube 200 fires, and, on the receipt of
the first: input impulse, the “first” tube fires:
This first impulse may come either from the fir-
ing of tube 23 (Fig. 1) or from the firing of units
bank tube “tenth” of Fig. 2. The rise in poten-
tial of the cathode of the tens bank “tenth’ tube
as it fires is conveyed to the grid of the “first”
tube by conductor 227 to' complete the ring,
Each time the “first” tube of the tens bank is
fired, a positive potential impulse is sent through
terminal 338 to the hundreds bank (Fig. 4) to
operate it a step from its preset condition. The
tens bank, then, operates a step for each impulse
received on terminal 76 and transmits an impulse
to the hundreds bank to operate it a step each
time the cathode of the “first” tube of the tens
bank rises'in potential.

By operating a selected one of the digit keys
“1” to “9” in the tens bank, it may be determined
that the first cycle of the tens bank shall be less
than a full cycle and by how many steps. Thus,
if the “1” key. were operated in the tens bank,
the firing of tube 200 would cause the “tenth”
tube grid to be primed to fire said tube on receipt
of the first impulse on terminal 70, and, on receipt
of the second impulse, the “first” tube would fire,
sending a transfer impulse to the hundreds bank.
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The hundreds bank

The hundreds bank (Fig. 4). of the device in-
cludes ten gaseous triodes interconnected into an
operative chain in which the tubes are caused to
fire one after another from a selected beginning
point to an end point in the chain. :

These tubes are designated in Fig. 4-as “first”

. .. “ninth,” and “tenth,” the intermediate
tubes “second,” “third,” “fourth,” “fifth,” ‘sixth,”
“seventh,” and “eighth” not being shown. for the
same reasons stated in connection with similar
deletions in the other banks previcusly described.

The ten tubes of the chain are given 115 volls
positive anode potential through conductor 399,
resistor 361 of 4,000 ohms, point 302, and resistor
303 of 300 ohms, which is connected to the (15~
volt positive supply terminal 304. -Point 302 is
coupled to ground through shock-absorbing and
stabilizing capacitor 308 of .1 microfarad.

The cathodes. of each of the tubes of the:chain,
except the “first” tube, are connected to: ground
through - a 15,000-ohm- resistor, like resistor 306,
in parallel with a capacitor of .004 microfarad,
like capacitor 307, and are connected to-the nega-
tive 150-volt -potential. supply -conductor 308
through a- resistor of 100,000 ohms, like: resistor
309, a point, like point 310, and. a resistor-of 100,-
000 ohms, like resistor 31f. -Points like point 310
are connected through a resistor of 500,000 ohms,
- like resistor 312, a. point, like point:313, and a re~
sistor of 50,000 ohms, like resistor 314, to-the grid
of the tube of the series having the next higher
designation. Fach point corresponding to-point
313 is connected to'impulse input conductor 315,
energized from. the tens bank, through a .00005-
microfarad capacitor, like -capacitor- :346.. The
“second” tube grid (not shown).is supplied with
biasing potential through s point. 3171, which ob-
tains its potential from the potential-dividing re-
sistances 318, 319, and 320, which are of the same:
vallues, respectlvely, as reswta,nces 306 -309; and
31

The cathode of the “first’ tube of the ‘hun--

dreds bauk is normally connected by means of
conductor 322, point 323, and .closed switches of
the upper key switches, like switch 324, when no

key is operated, to the cathode of the “fenth’™

tube. However, as a key, like .“9,” is oper-
ated, the upper switch 324 breaks the connection

to the cathode of the “tenth” tube and estab-:
lishes it by way of conduector- 325, lowered switch:

324, and conductor 326, through resistor 319 to
priming point 347:leading to the grid:.of the
“second” tube (not shown). . Operation of the
“1” key instead of the “9” key  connects the
cathode of the “first” tube by way of conductors
325 and 32T to the cathode of.the “ninth” tube.

Thus, when the operation of the hundreds bank:

is commenced by a positive impulse impressed on
terminal 87 (see also Fig. 1) as-tube:20 fires, the

“first” tube (Fig. 4) of the hundreds bank be-

comes conducting, and; by reason of the switch-
ing connections, just explained, when a. key is

operated, the cathode supply of said “first’” tube:

is obtained from the cathode of one of the other
tubes of the chain, = Conduction in the “first”
tube is equivalent to conduction in the tube fo
whose cathode it is connected, as far:as it af—
fects the priming fer the rnext tube.-

The normal non-conducting  potential ‘of the
said “first” tube cathode is about 10 volts nega-

tive, and the grid is" given'a:-normal poteéntial

of about 57 volts negative by reason of ‘being

connected to ground- through  30,000~chim - re'
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sistor 330, and being connected to the negative
150-velt supply conductor 308 through resistor
331 of 100,000 ohms. Resistors 332 and 333 are,
respectively, of 250,000 ohms and 50,000 ohms,
This grid potential holds said “first” tube non-
conducting until the starting impulse is received
at terminal 87, which is conveyed through ca-
pacitor 334 of .0005 microfarad and resistor 833
to fire said “first” tube. If no key is depressed,
the firing of said ‘“first” tube acts on point 235
just as though the “tenth’ tube had fired. If ths
“one” key is depressed, the firing of the first tube
gcts on point 336 as though the “ninth” tube
had fired, priming the grid of the “tenth” tube,
and so on, the operation of the “9” key causing
a potential rise at the grid point 317 of the “sec-
ond” tube.

The operation of the device is stopped by the
firing of a “stop” tube 337, which is fired by the
first impulse received from the tens bank after
point 335 has' risen in potential due either to
conduction in tube ‘“tenth” or conduction in
tube “first” when no key is operated.

Therefore, when no key is operated in the
hundreds order, the first impulse received from
the tens bank through terminal 338 stops the
generation of impuilses, in' a manner to be ex-
plained. If the “1” key of the hundreds bank
is operated, the generation of impulses will be
stopped on the second impulse conductor 315
réceived from the tens bank.

The chain-connected tubes of the hundreds
bank are rendered conduecting one at'a time,
as the firing of any tube in the chain extin-
guishes any other conducting tube therein be-
cause of the momentary dip in the potential of
anode supply conductor 389 as a tube, supplied
thereby, fires.

Termination of operation

Stop tube 337 receives its anode supply through'
resistors 349 and 34{ of 300 ohms and 10,000
ohms, respectively, connecting it to the 115-volt
positive conduetor 308, and through resistors
342 and 343 of 75,000 ohms and 120,000 ohms,
respectively, connecting it to the negative supply
conductor 308. This gives the anode of tube 337
a'normal anode supply of about 103 volts positive
and gives point 344 a normal potential of about
5 ‘volts positive. The cathode of tube 337 is
normally about 10 volts negative, resistor 380
being of 3,000 ohms and resistors 38! and 352
totaling 40,000 ohms. The grid of the “stop”
tube is normally kept at about 80 volts negative
by being connected at point 380 to the negative
supply conductor 308 through resistor 315 of
100,000 ohms, and connected to ground through
resistor 876 of 100,000 ohms and re51stor 377 of
15,000 ohms:

-~ Therefore, when tube “tenth” is conducting
(of tube “first’” is conducting and no key is de-
pressed), “which “condition primes the: grid of
tube 337 to be responsive to the mext impulse

 from the tens bank and such impulse is received,
65

tube 33T will fire and cause point 344, normally’
maintained at about 12 volts, to drop sharply
in ‘potential, which drop is impressed through
rectifier 360, as has been said, on terminal 197
(see also Fig. 2), stopping the recycling of the
units bank. Tube 337 is extinguished by the
opening of starting switch 25 (Fig. 1).

Rectifier tube 360 (Fig. 4) is placed in series
between point 342 and terminal 107 to permit a
niegative change in potential to be conveyed tothe
“first” tube of the units bank, but isolates its
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grid from a positive change in potential of the
cathode of tube 337 (Fig. 4).

Onperation

Let it be supposed that one hundred and
sixty-one impulses are to be produced. The “1”
key in the units bank, the “6” key in the tens
bank, and the “1” key in the hundreds bank are
operated, and the switch 28 (Fig. 1) is closed.
The hundreds bank “first” tube (Fig. 4) is fired,
which raises the potential of point 336; the tens
bank “fourth” tube cathode is raised in potential
at the same time by the firing of tube 200 (¥Fig.
3) and, later, the cathode of the “tenth” tube
69 (Fig. 2) is raised in potential due to the firing
of tube 74. The cathode impulse from tube T4
is also conveyed to terminal 65 (see also Fig. 3)
by the switching of the “{” key to fire the “fifth”
tube in the tens bank. At this point, one im-
pulse has been generated a{ point {05 (Fig. 2).
The “first” tube of the units bank then fires, and
the first full cycle of the units bank is begun,
which cycle, when completed, has produced ten
more impulses and a transfer impulse to the
tens bank to fire the “sixth” tube therein. The
units bank cycles five more times, producing
fifty more impulses, or a total of sixty-one im-
pulses, hefore the “first” tube of the tens bank
is fired, sending an impulse to terminal 338
(Figs. 3 and 4) to fire the “tenth” tube in the
hundreds bank. The units bank recycles ten
more times, causing ten transfers to the tens
bank and one transfer to the hundreds bank to
fire the stop tube. This produces a total of one
hundred and sixty-one impulses. .

Supposing, in the example, only one hundred
and sixty impulses were desired. The hundreds
and tens banks would be preset as before, but
in the units bank, as no key is operated, point
111 (Fig. 2) receives the rise in potential, firing
the “second” tube to start a complete cycle im-
mediately. Tube 74 firing takes the place of the
“first” tube firing in such first complete cycle.
As no key is operated in the units bank, tube
23 (Fig. 1) fires and sends an impulse to the tens
bank, as has been explained, at the same time
tube 74 (Fig. 2) fires. When no key is oper-
ated in either the units bank or the tens bank,
the impulse from tube 23 (Fig. 1) fires the “first”
tube of the tens bank, which transfers one im-
pulse to the hundreds bank.

It is apparent that the banks may be increased
in number by adding intermediate bhanks sim-
ilar to that shown in Fig. 3. It is also apparent
that the banks themselves may vary; thus the
first bank might be on a base of ten digits and
the second bank on a base of five digits. The
invention contemplates such variations.

It should be explained that timing capacitors,
like capacitor 97a (Fig. 2), each of .002 micro-
microfarad, connect the grid of each tube of the
units bank to the 150 volt negative conductor
98, to provide a time interval between the firing
of each two adjacent tubes in the units bank,
to make that bank operate slower than the tens
and hundreds banks. This is to provide a time
interval long enough to create and apply a stop-
ping impulse to point 107, when that condition
of the device is reached, without any danger of
an extra unwanted cycle of the units order bank.
With circuif elements of the value given, the
units bank operates at 3000 to 4000 steps per min-
ute and the tens and hundreds banks operate
at about 200,000 steps per minute. There is,
therefore, time for a great number of tubes to
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operate in the higher orders.to bring about the
stopping potential, while the “first” tube in the
units order is getting ready to fire. Although
there is enough of a safety factor in the de-
vice, adjusted as disclosed, to accommodate any
commercially desirable number of denomina-
tional orders without danger of an anomalous
units cycle, it will be apparent that the size of the
timing capacitors, like capacitor 9Ta, may be
increased to still further slow down the units
bank, if it is desirable or necessary.

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 form or embodiment herein disclosed, for
it is susceptible of embodiment in various forms
all coming within the scope of the claims which
follow.

What is claimed is:

1. In combination, means including a plurality
of gaseous discharge electron tubes, including
a designated tube, connected in an endless op-
erative chain circuit wherein they automatically
become conducting one at a time serially in ¢y-
cles and produce an electric impulse as each
tube is rendered conducting; means to start an
operation at a selected tube in the endless chain
cycle; and automatic means to stop such oper-
ation after a selected counted number of cycles
measured from the designated tube.

2. In combination, an electric impulse gener-
ator which, when started, continuously produces
a plurality of like impulses in each of recurring
cycles, each cycle being indicated by a cyclic
impulse; means to count the cyclic impulses up
to a selected number; means to start the genera-
tor at a selected point in a cycle; and auto-
matic means to stop the generator when said
selected counted number of cyclic impulses has
been counted.

3. In combination, an electric impulse gen-
erator including a plurality of electron tubes
rendered conducting one at a time serially in
an endless chain having recurrent cycles of op-
eration, the act of a tube being rendered con-
ducting causing an electric impulse; a selective
key controlled device for initiating the opera-
tion of the generator with any tube of the chain;
a second plurality of electron tubes rendered
conducting serially, one step of serial operation
being caused at the end of each cycle or part
cycle of operation of the impulse geenrator; and
means rendered effective at the end of a com-
pete operation -of said second plurality of tubes
for stopping the cyclic operation of the impulse
generator. -

4, In combination, an electric impulse gener-
ator including a plurality of electron tubes ren-
dered conducting one at a time serially in an
endless chain having recurrent cycles of opera-
tion, the act of a tube being rendered conducting
causing an electric impulse; a selective key con-
trolled device for initiating the operation of the
generator with any tube of the chain; a second
plurality of electron tubes rendered conducting
serially, one step of serial operation being caused
at the end of each cycle or part cycle of opera-
tion of the impulse generator; means rendered
effective at the end of a complete operation of
said second plurality of tubes for stopping the
oyclic operation of the impulse generator; and
selectively operable means for starting the oper-
ation of said second plurality of tubes at a se-

_lected place in a complete operation of the tubes
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:s0 as.to.accurately determine the number of com-
plete cycles of .operation which-shall be performed
Jby.thefirst.group of tubes. :

5. A .self-operating ring .of - electron tubes
wherein the tubes are rendered -conducting one
at a time in -endless ichain repeating cycles; and
-a.second operative ring of electron;tubes-arranged
in-an endless chain operating circuit:wherein .the
tubes :are caused to be rendered conducting step
by step one at a time .in endless chain repeating
:cycles, one step of .operation being caused by
the completion of a .cycle of the se]f—opelaung
rlng

6. A self- operatmg ring of electron ‘tubes
wherein the tubes .are rendered conducting :one
at a time in endless chain repeating cycles; a
second operative ring of electron tubes arranged
in an endless chain operating circuit wherein
the tubes are caused to.be. rendered conducting
step by step one at a time in endless chain re-
peating cycles, one step of .operation being caused
by the completion of a cycle of the self-operat-
ing ring; and a third operative ring of electron
tubes arranged in an ending chain circuit where-

in the tubes are caused to-be rendered conduct-

ing step by step one at -a time, one step.of -op-
.eration ‘being caused by the completlon of a
cycle.of the second ring. :

7. A self-operating ring:of electmn tubes
wherein the tubes are rendered conducting ‘one
at:a time in endless.chain repeating cycles; @ sec-
ond operative ring .of electron tubes arranged’in
.an endless .chain operating circuit wherein the
tubes are -caused to be rendered .conducting step

hy step. one .at a time in'.endless chain repeat- .

ing-cycles, one step of operation being caused by
ithe completion of .a cycle of the: self-operating
ring; ‘and selectively. .operable means ‘fo -preset
each ring to commence the cycle of each at a
predetermined tube in the ring.’

8. A pluralify of gaseous electron tubes each

having at least an anode, 4'cathode, and a con-
trol grid; circuits including a common resistance
for supplying anode potential to said tubes; cir-
cuits including a resistance and capacitance in
parallel for supplying cathode potential to each
of said tubes; circuits for supplying normally
controlling bias potential to the grids of said
tubes, each of which grid circuits is also con-
nected to the cathode of another tube to form an
endless operative chain wherein, if one preced-
ing tube is rendered conducting, the next suc-
ceeding tube of the chain is automatically ren-
dered conducting and the preceding tube is ex-
tinguished, said anode supply means being given
a potential surge when a tube commences con-
ducting; selectively operable control means for
stopping the endless chain operation at a fixed
tube after a precise selected counted number of
complete cycles of operation of said chain, con-
sidering said fixed tube as the end point of a
cycle; and control means for starting operation
of the device with any selected tube by causing
it to conduct.

9, A plurality of electron tubes; means con-
necting the tubes in a circuit wherein they are
rendered conducting one at a time in endless
chain sequence automatically; means to select
the tube with which the sequence is started; and
electronic counting means to determine a count-
ed number of complete chain sequences per-
formed as reckoned from a fixed tube in the chain.

10. A plurality of electron tubes; means con-
necting the tubes to become conducting one at
a time in an automatic endless chain sequence
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'operation .and ‘fo .generate an .electric impulse
-each time:aitube becomes.conducting:and to-gen~
erate a control electric impulse when -a .certain
sequence.end.tube becomes.conducting; means to
count the control impulses;-and means to auto~
‘matically stop{he-chain sequence operation:after

& certain -counted number of -control impulses

have been counted.

11.In combination, a first. plurahfy of .gaseous
electron tubes, each having at -least an anode, a
cathode, and :a control grid; means including a
common resistance in a common potential sup~
ply oconductor supplying anode -potential to-the

:anodes of said ‘tubes; -means for supplying cath~

:ode potentidl -to.said ‘tubes including a resistance
and-capacitance in parallel for each cathode.sup-
Ply; 1neans :supplying normally controlling -po-
tential bias to each grid; means .connecting the
tubes -in".an -endiess operative chain cathode to
grid, the potential supply; resistances, and -ca~
pacitances being ‘so balanced that, if any -one

‘tube is fired and rendered conducting by lower~

ing its potential grid bias,the succeeding tube in
‘the chaln will fire and the tubes will .automati~
cally become conducting one at a ‘time in se-
quence cyclically' and each of the tubes, when
-commencing to conduct, causing a potential drop
in said common anode supply conductor;.an aux~
iliary gaseous -electron tube having -at ‘least an
anode, a -cathode, and & control grid, whose :an~
'ode is connected -to ‘the common anocde supply
conductor, whose -cathode /is selectively conneci~
able to the ‘cathode of ‘any tube of ‘the ring, and
whose 'grid is normally given a controlling po-
tenmal bias; means to relieve the grid bias on
Saitl ‘auxiliary tube ito fire it and render it .con-
ducting; a second plurality of .gaseous electron
tubes; ‘each ‘having ‘at least an ‘anode, 4 cathode,
and :a contro] grid; means mcludmg a-common
resistance in a common potential supply con-
ductor supplying anode potennal $0 said -second
plupahty of tubes; ‘means ;supplying -cathode po-
tential to said second plurality of tubes, includ-
ing a resistance and capacitance in parallel for
each cathode supply; means supplying normally
controlling potential bias to each grid of the
second plurality of tubes; means connecting the
second plurality of tubes in an endless operative
chain cathode to grid, the potential supply, re-
sistances, and capacitances associated with said
second pluraltiy of tubes being so balanced that,
if one tube be rendered conducting, it will lower
the potential bias on the grid of the next suc-
ceeding tube of the chain to @& point where it is
appreciably nearer the firing point than any
other tube of the chain; means electrostatically
coupling the grigd of each tube to the cathode
of one of the tubes of the first-mentioned plu-
rality of tubes; a third plurality of gaseous elec-
tron tubes, each having at least an anode, a cath-
ode, and a control grid, and having anode, eath-
ode, and grid bias potential supply means sim-
jlar to said second plurality of tubes and having
operative connections between the cathode of
one tube and the grid of a succeeding tube in
an ending chain from a beginning tube; means
capacitatively coupling all the grids of said third
plurality of tubes, except the beginning tube, to
the cathode of a tube of the second plurality;
means to select for firing one of the tubes of
the third plurality as a precedent to the firing
of the auxiliary tube of the first plurality of
tubes; and means operated by the conduction in
the last tube of the chain of the third plurality
of tubes to place a controlling potential bias on
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the grid of one of the tubes of the first plurality
of tubes to stop the endless operation of said
first plurality of tubes.

12. In combination, a plurality of two or more
electron tubes; means for supplying operating
electric potential to said tubes; means connect-
ing the tubes in an endless operative chain in
which they become conducting one at a time in
sequence automatically over and over; and a
conductor common to all the tubes which is
given an electric impulse as a conseguence of
each tube operation.

13. In combination, a plurality of electron
tubes connected in a circuit so that they become
conducting one at a time in an endless operative
chain automatically; selective means to deter-
mine what tube in said chain shall be the first
to become conducting; and electronic means op-
erable to stop said endless chain operation at a
fixed place in the chain,

14, In combination, a recycling electronic elec-
tric impulse producer producing a fixed number of
impulses each complete cycle; selective means
operable to cause a partial first cycle producing
a number of impulses less than the fixed num-
ber, after which full eycles of operation are per-
formed; and an electronic counter preset to stop
said impulse producer after a selected number of
eycles in addition to any selected partial cycle.

15, In combination, a plurality of gaseous elec-
tron tubes each having at least an anode, a cath-
ode, and a control grid; means including a com-
mon ressitance in a common potential supply
conductor supplying anode potential to the an-
odes of said tubes; means for supplying cathode
potential to said tubes including a resistance and
capacitance in parallel for each cathode sup-
ply; means supplying normally controlling po-
tential bias to each grid; means connecting the
tubes in.an endless operative chain cathode to
grid, the potential supply, resistances, and capac-
itances being so balanced that, if any one tube
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is fired and rendered conducting by lowering its
potential grid bias, the succeeding tube in the
chain will fire and the tubes will automatically
become conducting one at a time in sequence cy-
clically and each of the tubes, when commencing
to conduct, causing a potential drop in said com-
mon anode supply conductor; an auxiliary gas-
eous electron:tube having at least an anode, a
cathode, and a control grid, whose anode is con-
nected to the common anode supply conductor,
whose cathode is selectively connectable to the
cathode of any tube of the ring, and whose grid
is normally given a controlling potential bias; and
means to relieve the grid bias on said auxiliary
tube to fire it and render it conducting.

ROBERT E. MUMMA.
LAWRENCE D. KILHEFFER.
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