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1

The present invention relates to electronic
switching devices such as are used in counting
systems.

The principal object of the present invention
is to provide an electronic switching or count-
ing system capable of operation with simplified
cirecuits and capable of reliable high speed oper-
ation.

With this object in view, the present invention

makes use of transient phenomens in negative-

resistance circuits having two conditions of sta-
bility. A number of anodes are arranged for
locking in either of two stable conditions, Upon
release of the anodes by momentarily cutting off
anode current, the anodes follow a prescribed
transient behavior by which each anode tends to
swing over from its original condition to the opb-
posite condition of stability. By proper limi-
tation of the operating pulse, the original condi-
tion may be interrupted at an instant when the
behavior of the system corresponds to the de-
sired switching action; in particular, by the use
of appropriate circuits only a single anode will
be converted from one stable condition to the
other under the action of a pulse applied fto the
system. The negative-resistance characteristic
is preferably obtained by secondary emission phe-
nomena.

One of the principal advantages of the present
invention is that it gives a reliable counting sys-
tem with utmost simplicity of external circuits.
A single control electrode may be used for initi-
ating the stepping action for all the anodes, thus
avoiding the use of priming circuits, transfer
circuits and the like,

In the accompanying drawings, Fig, 1 is a dia-
geram of the preferred form of counting tube em-
bodied in a decimal counting system; Fig. 2 is a
diagram illustrating the conditions of stability
of the secondary emission anodes; Fig. 3 is a dia-
cram o0f the equivalent circuit of the anode; Fig.
4 is a diagram illustrating the transient behavior
of the anode circuits: and Big. 5 is a diagram
of a modified form of system utilizing individual
tubes.

The system shown in Fig. 1 comprises a count-
ing tube 10, a pulsing circuit indicated generally
at 12, and a recycling circuit indicated generally
at 14.

The tube i0 comprises a cathede (6, indirectly
heated in any suitable manner, as by a filament,
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circuit by a connection 24, which is connected
through a resistor 25 to ground, The screen grid
is connected through a resistor 26 with a source
of positive potential Es. The anodes are sepa-
rately connected to the junctions of a series of
resistors 28. A glow lamp 30 may be included in
series with each resistor 28 for purposes to be
later described. The first resistor 28 is connected
to the positive source Ea, There is one resistor
28 (and glow lamp 30, if used) ahead of each
anode. A resistor 31 connected to the last anode
leads to the recyceling circuit 14, as will be de-
scribed later. |

The tube 10 makes use of secondary emission
phenomena. With fixed potentials on the con-
trol erid and screen grid, the current-voltage
characteristic of any anode is represented by
Fig. 2. At zero anode potential, electrons flow
from the cathode tu the screen grid and none
reach the anode, so that the anode current is
zero. If a slight positive potential is applied to
the anode, it robs the screen grid of some elec-
trons, and there is a positive anode current. The
velocity of electrons arriving at the anode is de-
termined by the anode potential, and as the po-
tential increases, the electron velocity likewise
increases. At higher anode potentials, the elec-
trons arriving at the anode have sufficient ve-
locity to knock secondary electrons loose from
the anode surface, and these secondary electrons
are drawn to the screen grid. The resultant
anode current is determined by the difference
between the number of primary electrons arriv-
ing at the anode and the number of secondary
electrons leaving it. The positive anode current
reaches 2 maximum at a certain potential a, be-
vond which the characteristic -has a negative
slope. At a certain anode potential, indicated at

b, the value of which depends on the character
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a control grid 18, a screen grid 20, and a plurality

of anodes 22. For counting in the decimal sys-
tem, ten anodes are used. The cathode is ground-
ed. The control grid is connected to the pulsing

55

of the anode (about 50 volts with a stainless steel
anode), there are as many electrons released
from the anode as are received by it, so that the

resultant anode current is zero. .
As thé anode potential increases beyond b, each

primary electron can release more than one sec-

ondary electron, and the anode current becomes
increasingly negative, reaching a minimum at ¢.
The part of the curve between a and ¢ is the neg-
ative-resistance portion of the characteristic. As
the anode potential increases further and ap-
proaches the screen grid potential, fewer sec-

ondary electrons are drawn to the screen grid,

and the anode current rises towards zero. When
the anode potential exceeds the screen grid po-
tential, the secondary electrons no longer are
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drawn to the screen and the anode current re-
turns to a positive value, made up only of pri-
mary electrons. In Fig. 2, the screen grid po-
tential is chosen to be about three times the
zero-current potential b, which is satisfactory for
the present invention.

If there is g resistance in series with the an-

b

ode, the operation is indicated by the diagonal

stralght line in Fig. 2, the slope of the line depend-
ing on the resistance, This dotted line inter-
cepts the anode characteristic at two sftable

points, corresponding to anode potentials E; and
E2, lying respectively to the left and right of
points a and ¢. A secondary-emission tube with
series resistance must lock in at either one of
these points.
ger circuit,

In the arrangement of Fig. 1, each anode oper-
ates on a characteristic such as that shown in
Fig. 2. It has been found that the secondary
emission effect for each anode iIs substantially
independent of the potentials on the other an-
odes. It is, therefore, possible to have adjacent
anodes in opposite conditions of stability, which
conditions will be maintained so long as the screen
grid and control grid potentials are maintained
at constant values.

The operation of the tube 10 as a counting
device will first be described on the assumption
that negative input pulses are applied to the
connection 24. The pulsing circuit 12, by which
the pulses are applied, will be described later
in detail. For simplicity of initial explanation,
let us consider a system in which the glow lamps
30 are not used. PFirst let us assume that all
anodes are locked at the low potential Ei, at
which potential the current to each anode is posi-
tive as determined mainly by primary electron
flow. It will be observed that the system com-
prises a ladder-type network in which the se-

ries elements are the resistors 28 and the par-

allel elements are the capacitances 32 of the
anodes to ground, as illustrated diagrammat-
ically in Fig. 3. If a negative pulse is applied
to the control grid 18, thus tending to cut off
anode conduction, all of the anodes tend to rise
in potential, but the first one rises most rapidly.
This action is illustrated by graphs of the tran-
- sient phenomena illustrated in Fig. 4, in which
anode potential is plotted against time. 'The
potential of the first anode starts to rise from E,
along the curve 34. If the negative potential
were held on the control grid indefinitely, the

anode potential would rise along the dotted por--

tion 34’ of the curve until the anode potential
ultimately reached E2. The shape of the curve
34, 34’ may be determined approximately by
the transient solution for the resistor 28 in se-
ries with the capacitance 32 between the first
anode 22 and ground. |
The conditions for the second anode are deter-

mined by the fact that its resistor 28 and its

capacitance 32 are connected across the capaci-
tance 32 between the first anode and ground, so
that the rise of potential on the second anode
is retarded by the necessity for charging the first
capaciftance.
along a curve 36, which is below the curve 34.
If the negative control grid potential were held
indefinitely, the anode voltage would follow the
dotted curve 36’, and eventually reach Ez. A
similar transient characteristic might be drawn
for each of the remaining anodes, and each such
characteristic would lie below.the curve 36, 36’.

The invention contemplates that the negative

This constitutes an elemental trig-

Hence its potential rises from Ei
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4

potential applied to the control grid is not con-
tinued indefinitely, but is in the form of a pulse,
terminating at a time Z1. The duration of this
pulse is selected so that the curve 34 for the
first anode will have risen above a certain criti-
cal potential which determines that the anode
will swing over to the high potential condition,
while the potential of the second anode will not

have risen to such critical potential. In Fig. 4,
the critical potential which determines whether a
particular anode will swing to the high or the

low stable potential is assumed to be the same
as the zero-current potential b. At the termi-
nation of the pulse, therefore, the first anode
will go immediately to the second stable condi-
tion represented by E3, this rise of potential be-
ing indicated by the solid curve 34°’. 'The sec-
ond anode will return to the initial stable condi-
tion E; along the solid curve 36’’. All subsequent
anodes belng at potentials below fthat of the
second anode will also revert to the stable con-
dition represented by Ei:. The result of the ap-
plication of the negative pulse, therefore, 1s that
the first anode will be converted to the high po-
tential condition and the remaining anodes will
revert to the low potential condition.

On a subsequent negative pulse, the first an-
ode, which now starts at the high potential con-
dition, will tend toward the low potential condi-
tion along the curve 38, which curve has a dotfed
extension 38’ representing ultimate return to E:
if the control grid potential were maintained suf-
ficiently long at negative potential. At the ter-
mination of the pulse, the anode potential rises
rapidly along the curve 38’’ to its initial high
value E2.. The second anode follows a curve
similar to that represented by curve 34, 34’/ to
the high potential E2, while all subsequent anodes
drop back to E; along curves similar to 36, 36'’.

In general, therefore, the tube will have none,
cne, two or more of the first anodes at the high-
potential condition and all the remaining anodes
at the low-potenitial condition. The application
of g negative potential to the grid 18 tends to con-
vert each low-potential anode to the high-poten-
tial condition; that is, if the grid potential were
maintained for a sufficiently long time all anodes
would arrive at the high-potential condition. By
limiting the pulse duration, however, the tran-
sient swings of all but one of the initially low-
potential anodes are stopped bhefore the anode
potential passes through the critical value b.
For only one.anode is the transient allowed to
pass through the critical value. Therefore, the
resultant action of a pulse of proper duration is
to leave all of the original high-potential anodes

in the high-potential condition, to convert the

first low-potential anode to the high-potential
condition, and to leave all remaining anodes in
the low-potential condition. In other words, each
pulse increases by one the number of high-po-
tential anodes until all of the anodes arrive at
the high-potential condition.

The foregoing description of operation is
based on the assumption that glow lamps 30 are
omitted. 'The use of the lamps performs two
functions; first, to give an indication of the num-
ber of pulses that have been applied to the tube,
and second, to alter the transient characteristics
of Flig. 4. As for the first function, it will be noted
that only one of the glow lamps is included be-
tween a high-potential and a low-potential
anode, and only that lamp will ignite. The single
ignited lamp is an indicator of the number of ap-
plied pulses.
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The function of the lamp in altering the char-
acteristics of Fig. 4 may be understood by not-
ing that g lamp will not ignite until the poten-
tial applied to it exceeds a certain definite value,
Hence, all anodes beyond the last high-potential
anode are at zero potential rather than at Ei.
This means that the transient characteristic rep-
resented by 36 starts from a lower poiut and will
not start to rise at zero time, in fact, if the pulse
is sufiiciently short, the potential of the anode
may remain at zero. The characteristics repre-
sented by 34 and 38 tend to follow the indicated
curves, at least approximately, since for these
anodes the ignition potential of the glow lamps is
rapidly exceeded. The glow lamps, therefore,
provide g more reliable action in effectively dis-
criminating between the anode that is to kick
over to the high potential condition angd those
that are to remain in the low potential condition.

olnce the operation of the tube {8 is most ef-
fectively carried out by sharply defined pulses of
fairly critical duration, the special pulsing cir-
.cuit 12 is provided. This circuit comprises two
pentodes 48 and 46, the anodes of which are ex-
cited by a source of positive potential Eb
through resistors 48 and §8. The suppressor
grids of both fubes are grounded, and the screen
grid of each tube is connected at 52 with the
anode of ils companion tube. An input circuit 54
including a resistor 5 is connected between
ground and the control grid of the first tube 44.
An alternating potential is applied to the circuit
584. The control grid of the second tube is con-
nected to ground through a resistor 58. The
anode of the first tube 44 is connected through
a condenser 60 with the circuit 24 leading to the
control grid of the counting tube {0.

The tubes 44 and 46 form g binary pair in
which one tube is at high anode potential and
the other tube is at low anode potential. The
anode potential of the first tube 44 is normally at
the high value (anode non-conducting) and that
of the second tube 46 is at the low value
(anode conducting). A positive potential applied
through the input circuit 54 to the control grid
of the tube 44 converts the anode of the first tube
44 to the conducting (low-potential) condition
and that of the second tube to the non-conduct-
ing (high-potential) condition. Thus a negative

pulse is transmitted through the condenser 68 to

the grid 18 of the counting tube, and it is this

pulse which is utilized to operate the counting

tube, as above described. The duration of this
pulse is determined by the time constant of the
circuit composed of the condenser 60 and the re-

sistor 25, and the pulse duration is so chosen as .

to give the results heretofore described in con-

nection with ¥ig. 4.
A negative potential applied to the pulsing cir-

cuit through 54 results in restoring the tubes 44

and 46 to the original condition, and also in
transmitting to the counting tube a posifive
pulse, which, however, has no effect on the con-
ditions existing in the counting circuit. 7Thus,
with an alternating potential input at 54, only
the positive half-waves are counted.

In the system thus far described, successive im-
pulses will ultimately bring all of the anodes 22
to the high potential (E2) condition. For subse-
quent counting operations, it is necessary to re-
store the counting tube to its original condition,
and this is preferably accomplished automati-
cally by means of the recycling circuit shown at
i4. This circuit comprises a pentode 62 having
its cathode and suppresser grid grounded, its con-
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trol grid negatively biased froon a source Ee
through a resistor 64, and its screen grid excited
from the source En. ‘The ghode is connected to
the screen grid 20 of the counting tube, whereby
the positive potential Eas is applied to the anode
through the resistor 26.

A connection 66 leads from the anode of the
second pulsing tube 46 through a condenser 68
to the grid of the tube 62. Also, a connection
runs from the last anode of the tube 10 through
the resistor 31 and a glow lamp 70 to the control
grid of the tube 62.

Normally the anode of the tube 62 is non-
conducting, because of the negative bias on the
control grid. At the conclusion of each pulsing
operation of the pulsing circuit £2, a positive -
pulse is applied to the control grid of the tube
62 through the connection 66 and condenser 68.
It will be recalled that under the action of a
positive pulse applied to the input circuit 54 of
the pulsing circuit 12, the second tube 46 is con-
verted from low to high anode potential. This
conversion sends g positive pulse over the con-
nection 66 and through the condenser 68 to the
grid of the tube 62, at the same time that a neg-
ative pulse is being transmitied to the counting
tube through the condenser 60.
positive pulse is insufficient to overcome the nega-
tive bias E: applied to the grid, and the tube 62
therefore remains in non-conducting condifion.

-~ However, if the last anode 22 of the counting

39
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tube 10 has been brought to its high potential
condition by the action of the negative pulse ap-
plied to the counting fube, conduction will have
been established through the resistor 31 and the
glow lamp 710, thus priming the grid of tube 62
so that the last part of the pulse applied through
68 will momentarily swing the grid to a positive
potential. The anode circuit of the tube 62 then
ecomes conducting, and draws sufficient current
through the resistor 26 to lower the potential on
the screen grid 20 of the counting tube. This cuts
off conduction to all anodes in the counting tube,
and restores all anodes 22 to the potential Ei.
As soon as that happens, the priming potential
on the grid of the tube 62 is removed and the
non-conducting condition of that tube is restored,
so that the screen grid 20 is brought back to its
normally constant potential.

The foregoing operation of the recycling circuit
may be avalled of fo initiate operation of any
suitable carry-over device for counting in a sub-

- sequent stage.

g
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For the separate single tube 10, a number of
individual tubes 72 may be substituted as shown
in Fig. 5. These tubes have their cathodes, con-
trol grids and screen grids connected together

‘and their anodes separately connected to an in-

put network composed of the resistors 28 and glow
lamps 30. The tubes 72 may be otherwise con-
nected with the pulsing and recycling  circuits,
exactly as is the single tube {0 of Fig. 1.

From the foregoing description it will be ob-
served that the counting device {8 (or the indi-
vidual tubes 72) forms a counting system in which
one of the principal advantages lies in the sim-
plicity of the connections. A single external con-
nection to each of the grids {8 and 20 is suffi-
cient, and the use of complicated transfer and
priming circuits is avoided. 'The external circuits
for the anodes comprising only the resistors 28
(with or without the glow lamps 30) are ex-
ceptionally simple in their connections. The tube
is preferably under very high vacuum and the

Ordinarily this -
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results of the present invention are attained with-
out reliance on ionization phenomena. |
The switching action in the present invention
may be regarded as resulting from the distinctive
transient behavior of circuits under different po- 5
tential conditions. Thus the circuit is converfed
from one condition to another by first cutting off -
anode current, thereby rcleasing the anodes from
their original condition of stability and allowing
the several anode circuits to follow their natural 10
transient behavior for a specified time, as indi-

cated in Fig. 4, and then restoring the anode cur-
rent when the instantaneous conditions corre-
spond .to the conversion of a single anode from

a previous low-potential condition to the high- 15
potential condition. This is, in fact, a specific
example of more general operation, Since the
transient characteristics of the several anodes
are quite different from one another, it is possible,
by controlling the pulse duration, to cause other o
combinations of effects; for example, by refer-
ence to Fig. 4 it will be seen that by somewhat
increasing the pulse time, it is possible to convert
two anodes from the low-potential to the high-
. potential condition. It will be clear to those 45
skilled in the art that a variety of selectwe actions
may be obtained.

Having thus described the invention I claiiu.

1. An electronic switching system comprising
a plurality of anodes, common and substantially 30
equipotential grid means for the anodes, means
for establishing independent negative-resistance
characteristics for the anodes to cause each anode
to assume either a high-potential or a low-poten-
tial condition of stability, a network including 35
circuit elements connected between adjacent
anodes and independent capacitances between -
the anodes and ground, whereby a change of po-
tential on any anode results in retarded poten--
tial changes on succeeeding anodes, means for 40
applying to the common grid means a pulse to
release all of said anodes from their stable con-
ditions, the duration of the pulse being limited
to cause conversion of selected anodes from one
stable condition to the other. - 45

2. An electronic switching system comprising a.
plurality of anodes, common and substantially
equipotential grid means for the anodes, means
for establishing independent negative-resistance
characteristics for the anodes to cause each an- 59
ode to assume either a high-potential or a low-
potential condition of stability, 2 network includ-
ing circuit elements connected between adjacent
anodes and independent capacitances between
the anodes and ground, whereby a change of 55
potential on any anode results in retarded po-
“tential changes on succeeding anodes, means for
applying to the common grid means a pulse to
release all of said anodes from their stable con-
ditions, the duration of the pulse being limited 60
to cause conversion of only a single anode from
one stable condition to the other,

3. An electronic switching system comprising a,
plurality of anodes, each capable of stable op-
erationr at either high or low anode potential, 65
common and sukitantially equipotential grid
means for releasing all of said anodes from their
stable conditions, resistances connected between
adjacent anodes and forming a network with the
capacitances of the anodes to ground, means for 70
applying to the common grid means a pulse to
release all of said anodes from their stable con-
ditions whereby each anode tends toward the
opposite stable condition, the duration of thec:
pulse being limited to cause reversion to the orig- 75
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-inal stable bondition of anodes which do not

pass through a critical potential.
4. An electronic switching system comprising
a plurality of secondary emission anodes each

capable of stable operation at either high or low

anode potential, common and substantially equi-
potential grid means for the anodes, a resistor in
series with the first anode and resistors connect-
ing adjacent anodes, means for applying a neg-
ative pulse of limited duration to the common
erid means, tending to cut off conduction from

all anodes and thereby to cause each anode to
swing toward the opposite condition of stability
according to a transient, the character of which

differs for the successive anodes, the termination
of the pulse being such as to determine reversion

- of selected anodes to their original conditions of

stability.
5. An electronic switching system comprising
a plurality of anodes, means for establishing pri-

" mary conduction to the anodes, means for caus-

ing secondary emission from the anodes, whereby
each anode is normally locked in at either a sta-
ble high potential or a stable low potential, elec-
trical network means associated with the anodes
to determine progressively different transient be-
havior of the anodes, common and substantially
equipotential control' erid means, means for ap-
plying a pulse to the grid means for initiating
transient operation of the anodes, and means
for limiting the pulse duration to effect selective
conversion of anodes from one stable condition

- {0 the other.

6. An electric rsmtching system comprising a
plurality of anodes, common and substantially
equipotential grid means for the anodes, means

- for establishing independent negative-resistance

characteristics for the anodes to cause each
anode to assume either a high-potential or a low-
potential condition of stability, a network in-

cluding circuit elements connected between ad-

jacent anodes and independent capacitances be-
tween the anodes and ground, whereby a change
of potential on any anode results in retarded po-
tential changes on succeeding anodes, and a puls-
ing circuit for applying to the grid means a pulse
tending to cut off conduction, said pulsing cir-

cuit having means for limiting the duration of
the pulse to cause conversion of selected anodes
from one stable condition to the other.

7 An electronic switching system comprising
a plurality of anodes, common and substantially
equipotential grid means for the anodes, means
for establishing independent negative-resistance
characteristics for the anodes to cause each anode

 to assume either a high-potential or a low-po-

tential condition of stability, a network including
circuit elements connected between adjacent an-
odes and independent capacitances between the
snodes and ground, whereby a change of poten-
tial on any anode results in retarded potential
changes on succeeding anodes, means for apply-
ing to the common grid means a pulse to relearse
all of said anodes from their stable conditions,
the duration of the pulse being limited to cause
conversion of selected anodes from one stable
condition to the other, said network including de-
vices which become conducting only under po-

tentials in excess of an ignition potential, where-

by the transient changes on selected anodes at

initially low potentials are retarded.

8. An electronic switching system comprising a

plurality of secondary emission anodes each capa-

ble of stable operation at either high or low an-
ode potential, common and substantially equi-
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potential grid means for the anodes, 2 resistor
in series with the first anode and resistors con-
necting adjacent anodes, means for applying a
negative pulse of limited duration to the com-
mon grid means, tending to cut off conduction
from all anodes and thereby to cause each anocde
to swing toward the opposite condition of sta-
bility according to a transient, the character of
which diiffers for the successive anodes, the ter-
mination of the pulse being such as to determine
reversion of selected anodes to their original con-
ditions of stability, said network including de-
vices which become conducting only under po-
tentials in excess of an ignition potential, where-
by the transient changes on selected anodes at
initially low potentials are retarded.

9. An electronic switching system comprising
a plurality of anodes, common and substantially
equipotential grid means for the anodes, means
for establishing independent negative-resistanrce
characteristics for the anodes to cause each an-
ode to assume either a high-potential or a low-
potential condition of stability, a network in-
cluding circuit elements connected between ad-
jacent anodes and independent capacitances he-

tween the anodes and ground, whereby a change

of potential on any anode results in retarded po-
tential changes on succeeding anodes, means for
applying to the common grid raeans a pulse to
release all of sald anodes from their stable con-
ditions, the duration of the pulse being limited
to cause conversion of only a single anode from
one stable condition to the other, and recycling
means operable when all anodes are at high po-
tential to restore them to the low-potenitial con-
dition.

10. An electronic switching system comprising
a plurality of anodes, means for establishing pri-
mary conduction to the anodes, means for caus-
ing secondary emission irom the anodeas, whereby
each anode is normally locked in at either a sta-
ble high potential or & stable low potential, elec-
trical network means associated with the anodes
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to determine progressively different transient be-
havior of the anodes, common and substantially
equipotential control grid means, means for ap-
plying a pulse to the grid means for initiating .
transient operation of the anodes, and means for
limiting the pulse duration to effect selective con-
version of anodes from one stable condition to
the other, and recycling means operable when
all ancdes are at high potential to restore them
to the low-potential condition. -

11. An electronic switching system comp:ising
a plurality of anodes capable of stable operation
at elther high or low anocde potential, common
screen grid means determining secondary emis-
sion characteristics for the anodes, common and
substantially equipotential contrgl grid means,
pulsing means for applying to the control grid
means g negative pulse tending to cut off anode
conduction and to cause each ancde to swing
from.its initia]l] toward the opposite condition of
stability, said pulsing circuit having provision for
terminating the pulse at a time to cause reversion
of selected anodes to their initial conditions, a re-
cycling circuit including a tube having an anode
and g control grid, connections from the pulsing
circuit and the last ancde of the switching tube
to the grid of the recycling tube to cause anode
conduction in the recycling tube when the last
anode of the switching fube is at high potential,
and connections between the anode and the re-
cycling tube and said screen grid means for mo-
mentarily reducing the screen grid potential and
thus to convert all anodes of the switching tuke
to the low-potential condition of stability.

- WILCOX P. OVERBECK.
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