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CHAPTER I
INTRODUCTION

This thesls pertains to an electric circuit con-
sisting of gaseous discharge tubes and rectiflers arranged
to comprise a counting or integrating device for electrical
impulses impressed on the system. The ideas presented
herewith are wholly those of the author and were submitted
in the form of a patent application via the New Hexico
School of Mines in June of 1950. The basic idea for such
a circuit was conceived on November 14, 1949,

The author has attempted to produce a simplified
counting circult which may be compactly arranged. The
ultimate device i1s visualized to occupy the space of a
miniature tube 1in contraest to a strip containing 5 tubes
and the assoclated electronic components, as 18 now the
usual method for decade counters, Certain adaptations of
the counting circuits unfold an entirely new concept of
counting. In place of a decimal form of counting a coded
form is described. While only an indication of the
possibilities 1s revealed here, no doubt a complete
mathematical theory could be developed.

Various forms of the basic circuits have been tried
and made to work, but the various limitations such as






counting rates, effect on rellability with tube aging,
temperature and light changes, are not yet fully established.
Readily availlable components were used for the experimental
circuits and in spite of the known inadequacies of the com-
ponents the circult was made to function., It is believed
that complete reliabllity and usefulness may be realized
with proper design and selection of components, Counting
speeds up to 100,000 counts per second may be expected

with deionization times of gaseous discharge tubes of the
order of 10 microseconds.

In a preferred form of the circult the gaseous tubes
are palred to reduce the number of rectifiers needed,
moreover, this offers certaln advantages, such as an in-
crease in qoﬁnting speed and a wider range of variation
of the starting voltages of the gas discharge tubes. The
basic circult 1s in the form of a ring and makes possible
the use of gaseous discharge tubes, such as 1/25 watt neon
glow tubes, (NE-2, for example), as basic elements of the
counter., In addition, they indicate the count. The
direction sense of the counter is derived from the use of
rectifiers such as the dry disk type selenium rectifier.

The general prineciple involved is the transfer of
discharge from one tube to the next by giving preference
to the desired tube through the use of rectifler elements.
It is possible to take advantage of the fact that the
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rectifiers are essentlially constant voltage drop devices in
the forward direction and heve a high resistance in the re-
verse direction., The fact that the starting voltage of a
well-aged gaseous type tube used at reduced current is quite
constant and epprecliably higher than the operating voltage
is also used to advantage.

The glow discharge tube may be concentrated into one
envelope, and hence become a single tube with multi-elements.
In this form, in addition to compactness, sinee all the
elements may be produced to the same specifications and
operate under identical econditions an inherent consistancy
will result. For example, the elements would be in the
same gas 'utnnapharé.’ A further advantage would be pro-
vided by virtue of the proximity of the glow discharge of
the preceding electrode to the electrode ncxt in line so
as better to determins the proper transfer of count. The
element adjacent to the glowing element in the "wrong"
direction is held sufficiently low in voltage so that it
will not count out of turn, whereas the second one in the
progreasive direction has a voltage fairly close to the
favored one, This form of a tube will also be useful in
conventional counting circults for indicating visually the
count 1in place of four or ten tubes per decade as is
generally done,

The main objective of the eircults described herein
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is to provide a simple, inexpensive counting device with a
relatively fast counting rate., Vacuum tubes are dispensed
with, or their use 1s kept to a minimum, with a resulting
saving in cost and power consumption. In the present art
of eleectronic counting, the decade systems using the
Eccles~Jordan orthyratron ring type circults require four
or more tubes with the assoclated components. This is
expensive circultry compared with the proposed system,

Only a few of the many possible combinations of tubes
are discusged in this paper. Tubes may be connected to form
stages such as a count of ten., Any number of stages may be
used in tandem to make the counter capable of recording
various number systems. Thus, using decade groups, a
decimal system may be established. The counter can be
arranged to be set to zero or to any desired value by pre-
setiing circultry. Also predetermining circults can be
added to detect the accumulation of any given number of
counts within the range of the counter. It can be seen
that this system can be used as a predetermined limiting
counter, such as those used in packaging machinery. In
addition, this device has utility as a frequency divider,
in electronic devices such as television synchronization
circuits, Further applications are possible in time inter-
val control, automatic ‘maehine control, lineal measurements,

and frequenecy measurements, to list a few., It is also
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possible to trigger the circuits from the same source and to
operate the stages together., With the appropriate number
counts in each stage and a sultable means of detecting the
coincidence of certain tubes conduecting current a unique
conntlnglsysten may be produced. This type of operation
may be thought of as a form of coding. The big édvantago

of suech a system is the elimination of interconnections be-
tween the various stages since they are all operated from
the same input signal.

The system may be made %o subtract (or count back-
ward) by reversing the rectifier units either physically
through a switching arrangement or by use of triodes used
in pairs and connected in opposite directions, The desired
triodes may be made active rectifiers in the dosirod.
direction by proper application of a grid sensitizing vol-
tage . "

The objeet of the described circuit may be summed up
briefly as follows:

1) to provide a simple means of counting rapid or
random limpulses in any numbering system and
vislibly registering that count,

2) to make possible a self-setting counter which
can be reset to zero or a predetermined value,

3) to provide an electronic device which will
yield one output impulse in response to the
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accumnlation of each predetermined number of in-
put impulses.

L4} to provide a mesns of either adéing or subtract-
ing counts as desired,
Before discussing the elrcuit it would be well to

conslder the characteristice of the two prime components,

namely, the gas discharge tubes and dry disk type rectifiers.







CHAPTER II
CHARACTERISTICS OF GASEOUS DISCHARGE TUBES

Gaseous discharge tubes, known commercially as Glow
Lamps, are used in the counter described because in addition
to serving as lndlcators, they have characteristics which
permit their use as a prime component of the counter cir-
cults. The characteristics of the devices which make them
sultable are that the tubes breask down at a critical
starting voltage and then operate at a lower voltage, and,
with nominal current flowing, give rise to a visible
radliation of light. In the case of the smallest neon glow
lamp normally available (the NE-2, 1/25 watt), the break-
down voltage is of the order of 90 volts while the operating
voltage 1s approximately 57 volts., It might be well to
discuss the characteristics of a gas-filled cold cathode
diode to illustrate the general prineciples involved.t
Refer to Figure 1, As the voltage is increased across the
tube there is a flow of current which is made up of the
resldual ions present between the two electrodes. The
avallability current is soon reached at point "a® with the
application of a small amount of voltage. A further in-

crease in voltage does not increase the current until point

1 Reich “Theory and Application of Electron Tubes"
page 366, McGraw-Hill Publication.
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“b" is reached. Then, as the voltage is increased, the
current will rise slightly. If the electrode spacing 1is
very small and the pressure sufficiently low, the current
can be increased beyond "b" only by increase of voltage, and
the characteristic is of the form shown by the dashed curve
"bm." With electrode spacing and pressure used in most
glow-discharge tubes, on the other hand, & current is
reached at "o," called the threshold current, at which the
current begins to rise abruptly without further increase
of voltage. The current up to the threshold current is
only of the order of one or two microamperes; i1t is greatly
exaggerated on the figure for the purpose of illustration.
If the external circult resistance is low, the voltage of
the discharge remains practically conetant, and the current
Jumps to a high value corresponding to "n." If the ex-
ternal circult is such as %o prevent the current from
rising abruptly, then the voltage drops abruptly to some
lower value, as at "d." This is the type of operation
that will be employed in the counting circuits under con-
elderation., The wvalue of the current at "d" and the path
along which the charge takes place, appear to depend almost
entirely upon the external circuit. As the current is in-
creased the voltage will increase slightly until the value
shown at £ is reached. Beyond this point a much larger
increase in voltage 1s required to produce a given change
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in current, In the viecinity of g, however, the current is so
high that if maintained for an appreciable time the cathode
becomes hot enough to emit electrons., The thermioniec
emission reduces the voltage drop through the tube and the
point h reached where the discharge becomes an arc. Unless
limited by circult resistance, the current may then rise to
destructive values as the point ] is approached in the
cumulative action of increasing emission with increasing
temperatures, The discharge will become an arc and the
current will be guite large and capable of producing
destructive effects to the electrode which is heated to pro-
duce the emission necessary to satisfy the current demands.

The threshold current (corresponding to the break-
down voltage) will depend on many factors euch as the size
and shape of the electrodes, particularly the cathode
(negative), the material coating, and the gas used.? While
normally the breakdown is designed to be of the order of
100 volts it may bé a8 high as 400 volte or as low as 37
volte> depending on the various factors involved.

Aging of the glow lamp for about 100 hours at normal

current will cause it to yield more constant and

2 3. Slepian and R, C. Mason, "Electrical Engineering,"
pp 53, 511, (1934).

3 J. slepian and R, C. Mason, .. 3.4,
Thouson and G, P, Thomson, 'condnction of ectricity Thro
Gasgs '2;21 & & caahridge University Press, Cambridge, 192
PP 231~







10

reproducible starting and maintaining voltages. The life at
normal currents is of the order of 25,000 hours (3 years)
and then only the respective voltages are increased slightly
and the tube becomes somewhat darkened. If the current load
is reduced the useful 1life of the tubes is increased
materially. Since the 1life varies inversely with the cube
of the current, a reduction in the current of 50% will
yield an inerease in life of eight times., Thus, in the
usual case, the 1life of the tube will approximate a quarter
of a century.

The glow lamp, when conducting, can be considered in
an electrical ecircult as the equivalent of a constant are
drop in series with an internal resistance.

The following equation showe the relation of the
tube current to the voltage and resistance values

%" "a

where I is the lamp current, Vi the line voltage, Vp the
minimum maintaining voltage, and Ry # Rg the internal and
external resistance respectively. In the case of the NE-2
(# watt) glow lamp operating on 117 DC with 200,000 ohms
limiting resistance

117 - 55
6,000 £ 200,000

The glow lamp has certain limitations which should

I = = 0.3 milliamps
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be considered. There is a certain response speed both in the
establishment of the glow diiaharg' by ionization and in ex-
tinguishing of the are.¥ The breakdown voltage will be
lowered somewhat when the lamp 1s exposed to light, due to
photo-electric effect, However, ambient temperature

changes from normal up to 300°F have 1ittle effect on the
tube characteristics. It thus becomes apparent that the
glow lamp offers possibilities of becoming a prime component
of a counting circuilt as well as an indicating device., All
one must do is arrange a multiplicity of the two element
lamps in a cirecult so that they can be mede to carry current
when it becomes their turn. This maan; that the tubes must
be readied in a systematic fashion so that when the proper
trigger is supplied the correct tube will break-down and
carry the load, thus relieving the tube formerly ecarrying
the load. In order to furnish thie sense of direetion
rectifiers may be used in ring cirouits,

For thie particular application, as will be seen
later, 1t would be highly desirable to have a rectifier with
a resistance characteristic that displays a negative slope
in the forward direction and an infinitely high resistance
in the reverse direction. For lowest forward currents the
voltage drop should be of a value sufficiently large to

% Reich, "Theory and Application of Electron Tubes,"
pp 366-367.
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discriminate againet any "unwanted" glow tube and if the
drop were decreased with inereasing currents more of the
veltage spread between the starting and running values of
the grid glow tube could be allocated to the portion of the
circult where it would do the most good. BSince we must use
practical or readily avallable componente, then the compro-
mise 1s for a forward resistance characteristic which
approaches a constant drop. Fortunately, the tendency of
most rectifiers is for them to be a constant voltage drop
device. Special components such as thermisters or thyrite
units placed in series with the rectifiers will help attain
this property and augment the voltage drop to establish
proper working values,

Before continuing further it would be well to dis-
cusg the characteristics of a dry disk type rectifier as
these seem most suited to use in the circuits under con-

slderation to provide the direction sense previously noted,







CHAPTER III
THE DRY DISK TYPE RECTIFIER

The most suitable rectifier at the present tins seems
to be the selenium rectifier. It is readily available and
relatively inexpensive. It may be made into small, compact
elements. The copper oxide and copper sulphide rectifiers
are possible alternates. Silicon and germanium crystal
rectifiers are also worth consideration, especially if high
frequencies are to be handled. The welded germanium crystal
rectifiers perhapes offer the best characteristics of these
types and would be most reliable if gubJected to vibration.
The latter types are most expensive and less uniform in
thelir characteristics from unit to unit. All of these
rectifiers exhibit the same general characteristics so a
discussion of the selenium rectifier will serve to illustrate
the prineiple involved.

The selenium cell consists of a metal, usually
aluminum, base plate coated with selenium, over which is
sprayed a low melting point z2lloy. The base plate acts as
one electrode and the alloy as the counter electrode. The
Junction between the selenium and the alloy coating films is
called the barrier, or blocking layer. In the counter elec~-
trode there is an abundance of free electrons which are
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available for electron flow in the direction from the counter
electrode through the selenium film to the aluminum plate.
The selenium film or seml-conductor has a limited number of
electrons available, which results in a restricted flow of
electrons from the aluminum plate through the selenium and
blocking layer to the counter electrode. Having in mind
that conventional current flow is opposite to electron flow,
we may now state that the current flows readily from the
base plate through the selenium to the alloy layer, but
only with extreme difficulty in the oppoeite direction.

The high resistance to flow is called the reverse resistance,
while the low resistance in the opposite direction is known
as the forward resistance. The higher this ratio, the more
efficlent the rectifler and the more sultable for use in
the circult under consideration, It will be shown that the
forward resistance should not be zero because a certaln
voltage drop is needed for proper operation of the cireult,
If the resistance is too low, resistance elements of the
proper value may be introduced in series with the rectifier
to correct the condition. In general, if a combination of
cells is used in series to glve the correct forward drop,

a corresponding multiplication of the high reverse resis-
tance will be achieved. (Some types have values as high as
70 volts). This value is sufficient to take care of the
expected reverse voltages, which are actually established
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by the difference of the break-down and the running voltages
of the glow discharge tube used. It is likely that if more
than one cell will be used, as noted in the foregoing dis-
cussion, there will be more than ample reverse voltage rating
avalilable,

Figure 2 shows the voltage-current relationship of
a single selenium rectifier cell, For illustration, the
values for a oross section of 1/10 square inch of surface
is plotted., We see that for very low values of current,
a voltage drop of ¢ volt per cell is attained. While the
rectifiers could be used in this region, it is safer to
work up on the curve, say Just beyond 4 volt drop whieh
corresponds to a current of one millismpere. This region
gives a more nearly constant voltage drop for changes in
current, The actual current requirement to produce this
drop may be modified by choosing the correct cross sec-
tional area. The current requirement will depend on the
glow tube and circult values chosen, If the 1/25 watt
neon glow lamp (NE-2) is used in a decade circuit, then one
fourth of the area, or 1/40 square inch, would require } of
a milliemp to give the § volt drop. It will be noted that
increasing the current four times will only inerease the
drop by 30#. The inset curve gives the relation between the
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forward voltage and corresponding forward resistance for a
typical selenium rectifier.

The current rating of a selenium rectifier is based
on the spacing and amount of fin cooling provided. In
general, currents can be carried which give a voltage drop
of one volt per cell. In the proposed circuit a very small
rectifier cross sectlion will be used, yielding an increase
of cooling surface for a given volume. Hence heating will
not be a problem. As will be shown later, the rectifiers
will normally have an "easy" duty eycle. The duty cycle
of the rectifier i1s "easy" because, while the circuit ie
counting, the current through the rectifier is usually well
below the normal rating. In case the counting is stopped,
one rectifier will carry the greatest current continuously.
In this case, if heating 1s a problem, it would be ad-
visable to stack the rectifier discs into one composite
unit so that conduction may distribute the heat to adjacent
cells which are carrying lighter loads, It 1s also contem-
plated, for convenience of handling and utilization of
rectifiers, that they should all be in one integral unit.

The rectifiers, being made up of plates, naturally
have an assoclated capacitance, While the equivalent con-
denser values are small, they are etill sufficiently large
to be useful in the ecircultry asction and yet not slow down
the counting beyond the limitations imposed by the glow
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ionization and delonization times. The time constants are
quite complicated because of the nonlinear and unsymmetrical
rectifier resistance.

The action of the rectifiers in the e¢ircuit will be
seen later when the eircults are described in more detail.
For the present we may consider the rectifiers arranged in
a progressive manner in the tube line up so as to determine
the direction of advancing count. They alsc become a con-
denser voltage dividing network, and play an important
role in the counting sction. In general, when a new tube
conducts, 1ts voltage drops and it will pull the voltages
of the other tubes down with it in amounts which drop off
as we move away from this particular tube. This works to
an advantage, since the two adjacent tubes are most in
need of the resulting action. The preceding tube must be
extinguished and the succeeding tube must be prevented from
conducting ahead of schedule., After the effect of thie
transient the voltages will rise on all tubes exeept the
one which juet came on, and all will take on voltages for-
merly impressed on the tube just shead. This resulis in a
shlft of the voltage distribution of the array in the
direotion of the ecount and sets up conditions to make an

advancing count possible. This action will be brought out

more clearly when speeific circulte are discussed later.







CHAPTER IV
COUNTING CIRCUITS

Having covered the two main components used in the
counting circults let us consider the basic circult and
then proceed to various ramifications of this ecircult,

Figure 3 shows a decade of gaseous discharge tubeé
which may physically be lined up as shown or arranged in
& clrcle much as the numbers on a clogck are arranged. The
rectifiers are connected to form & ring. They may be in
individual units grouped into a convenient cluster or they
may all be assembled together intoc a rod and the ends
connected together to complete the ring with conneetion
taps taken off as shown. Resistors indicated R are used to
complete the bagic tube ecircuits, Resistance Ry, which may
better be a reactance, is used to isolate the voltage
supply from the triggering pulse injected through condenser
C. Reslstance Rz 1s used to produce a voltage output use-
ful to trip the next decade through suitable circuitry.

The other resistances (Rq) in the cathode eircuit are use-
ful to permil & change in voltage of the array and thus
trigger the ready tube in the eirculit toc advance the count.

The way the rectiflers are drawn in help in the
visuallization of the voltege distribution. As shown,
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tube 2 1s carrying current ("on") and point "a" is held down
o about 57 volts plus the drop in cathods resistance, the
rest of the points associated with the rectifiers are held
down in varying amounts depending on the voltage drop in
each rectifier of the string with point *b" of tube number
3 at the highest potential, say 87 volts, or three volts
belew the firing potential of 90 volts, The action of the
rectifiers can now be seen, Assume the B voltage to be
very great with respect to the tube voltage difference,
b~ & =87~ 57 = 30 volts, then the currents flowing in
each resistance wlll, to all practical purposes, be the
sawe. We oan oall each a unit of current. Also assume
that a negligible amount of current flows through the reo-
tifiers in the reverse direction, cor in the present example,
from b %o a. We then have one unit of current flowing
through the rectifier conneceted between b and ¢. This
current 1s increased by another unit of current plcked up
from the next resistor which flows on through the next
rectifier. As we proceed along through each rectifler we
nust add additional units of current until in the last
rectifier (between tubee 1 and 2) we will have nine units
of current. Tube 2 will conduct all of this current plus
that current in the resistance immedietely above it, or a
totgl of ten units of ecurrent,

The veoltage drops acroese each rectifier are approxi-
mately the same and the sum of these drops is applied in







20

reverse across the one rectifier which separates the on tube
{2) and the ready tube (3). This total accumulative voltage
should be nearly equal to the voltage difference between the
starting and running voltage if the voltage drop in the
cathode resistance i1s neglected. This voltage distribution
will subject tube number 3 to the highest voltage, thereby
making it the ready tube or the one that will conduct when
a triggering pulse 1s applied to the array. The next tube
(4) will have less voltage by virtue of the drop in the
separating rectifier. The succeeding tubes will have corres-
pondingly less voltage impressed across them, When a positive
voltage pulse 1is injected at the input the entire array is
raised primarily by the increase in drop in the cathode re-
sistance of the conducting tube (2) and tube 3 wiil be the
Tirst to reach a voltage sufficient to cause it to break
down. When tube 3 conduets it will, because of the recti-
fier capacitance, decrease the anode circultry voltage pre-
venting any other tube from firing, and at the same time it
will extinguish the previously running tube (2) by reducing
its voltage below that required to maintain conduction.
This tube must be held off long enough to allow it to com-
pletely deionize. An alternate scheme would be to inJject

& negative input pulse of long enough duration to allow the
running tube to delonize, and, when the voltage returns

toward B#, the proper tube will come on by virtue of the
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voltages stored in the rectifier capacity network, In this
case the individual cathode resistances may be eliminated,
however, an inductance or resistance will be needed for the
group. Resistance R, may be retained to be used to produce
a voltage drop when the zero count tube comes on; this
voltage signal may be used to trip the next decade through
sultable eircultry. It might be mentioned that currents
could be delivered to these cathode resistances through
sultable resistances so as to produce voltages which may be
used to compensate the tubes in accordance with their
starting voltage. Ry is included to illustrate this point.
It 1s assumed tube 9 has a lower starting voltage than the
rest., The cathode potential may be raised by an amount
equal to the starting voltage advantage that 1t has over
the other tubes.

In case the tubes have different breakdown voltages
this 1dea may be expanded to all the tubes and each may be
made to break down for the same amount of increase in
voltage when it is its turn to conduct. As an example of
how this particular case (shown in Fig. 3) will work out
from the standpoint of voltage, assume that the curve of
Fig. 2 for the rectifiler characteristic is used. Further
assuming that three rectifier cells are used per unit so
that forward currents in units of one milliamp per 1/10
square inch are used, the voltage drops in the rectifier
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chain, starting from the ready tube, will de 1.9, 2.1, 2.3,
2,5, 2.6, 2.7, 2.8, 3.0, and 3.1 volte respectively. These
voltages sccumulate to a total of 23 volts and this will Dbe
the reverse voltage impressed across the rectifier between
the conducting and the ready tubes, Assume that 30 volts
is the difference Dbetwesn the breakdown and conducting
voltage and that 4 volts is developed in the cathode resis-
tance; this will leave a 3 volt margin to prevent the ready
tube from coming on and will be the voltage required to
trigger the same tube, The input pulse used to trigger the
counting circult must So great enough to double at least
the drop in the cathode resistance if the first method for

counting is used. The point brought out by this example is

that there will be nearly a 2 volt preference given to the
ready tube over the next in line, and a 4 volt preference
over the next one, and progressively greater preference on
down the line.

It would be well to review the condenser actlon of
the rectifiers as applied to this simple basic ecircult,
¥hen a new tube conducts, the anode voltages on all of the
tubes is suddenly decreased, but thereafter all of the
voltages execept that of the conducting tube rise to wvalues
elightly larger than thelr previous wvalues, In fact, they
will return to the voltage formerly impressed across the
preceding tube, as if the voltage distribution were shifted
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one position to the right. A circuit similar to the one
described was made to operate by the author. The rectifiers
used were rated at 20 milliamp and consisted of 5 cells,
They were run far below the optimum current density, only
about 1/10 to 1 milliamp, since 1/25 watt NE-2 neon glow
lamps were used. To make up for the inefficlient use of
the rectifiers, the glow tubes were chosen with starting
voltages of very close tolornaoes.‘ It might be mentioned
in passing that if the tubes are selected from a group of
100 hundred tubes, it 1s relatively easy to find groups of
ten tubes which start within a % volt range. The effective
number of tubes to choose from is doubled, since in general
the tubes have different starting voltages depending on
which way they are connected, Some which are abnormal as
to thelr breakdown voltages in one direction may be nearly
average in the other direction. The tubes should be aged
at rated current (AC) for a hundred or more hours to
stabllize the starting and running voltages. By operating
the tubes at lncreased currents for proper lengths of times
it is possible to ralse these voltages, and, theoretically,
the tubes may be conditioned to give a desired starting
voltage.







CHAPTER V
OTHER CIRCUITS

Having analyzed the basic circult we may now proceed
to a general circult on which the tubes are grouped and
connected in such a way that rectifier rings may also be
introduced into the cathode or lower part of the circult.
In order for a systematic count to take place, it is
necessary to have the number of groups and the number of
tubes per group such that they are not divisible by the
same number unless speclal modifications are employed. A
few of these are dlscussed later., If precautions are not
taken in such cases, then after counting through a certain
series of numbers the sequence will repeat without inecluding
all of the tubes., The simplest case, uiins rectifiers in
both anode and cathode eircults, is that where four groups
of three tubes each, (or three groups of four tubes each),
are used as shown by Fig. 4. In this arrangement a count
of twelve will be given. The circult is shown with tube 9
on, This will, by virtue of the rectirigr actlion, make
tube 10 the ready tube. The group containing 6, 2, and 10
has the greatest voltage on the anodes, and tube 10 of the
group, which is connected to lead C, has the greatest
negative voltage on the cathode. It is common with cathodes
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of tubes of 4, 7, and 1. When tube 10 comes on, lead C will
be raised in voltage to occupy the position previously held
by lead A. The rectifier ring will now cause leads A snd B
to drop down in voltage to the positions held Just before by
leads B and C respectively. A= in the basic ecircuit, when
tube 10 comes on, the voltage on the snode lead will drop

to that of the group Just ahead ss previously establiched
when tube 9 was on, The new ready tube will be 11 since

the anodes of the group will then be at the highest positive
level and i1te ocathode 1s at the lowest potential. Follow-
ing this pettern, tubes will be made to come on in numeri-
cal order as shown when the proper input firing impulses

are injJected. When tube 9 comes on again, & complete count-
ing ecycle will have been made for a total of 12 eounts.

Tube 12 may be numbered 0 1f another counting eircult is
tripped for a count of 12 &nd a new count is begun again
with 1, étc.

The pattern established by the firing sequence may
be shown by Fig. 4A where the verticel columns are the tubes
in one group {common anode rectifier) and the numbers in a
horizontal row are the tubes with a common cathode rectifier
connection. Fig. 4B shows the second case where a new
cyele etarted with zero count, When the count returns to
zero a signal may be produced to advance the count in the
next set and thus produce a duodecimal (12) system.
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If only nine tubes were used, with three groups of
three tubes each, then, in the case Just discussed, by
omitting the last group (tubes 4, 8, 12), it can then be
gseen that when the count is started on one, after counting
to three, the count will go back to one, thus six of the
tubes will not be used. This illustrates the need for
having the correct number of tubes and groups. For this
case, both numbers are divisible by three. Another case
where the count would not work out properly would be six
groups of four tubes each, Here hoth numbers are divisible
by 2. An analogy for proper counting action can be found
in gear aection., That is, it is necessary for sets of gears
to have the proper numbers of teeth so that any tooth of
one gear comes in contact with all the slots of another
gear before repeating on a particular slot,

Going basck to the circult under consideration, we
can see that a count signal may be injected into the anode
gide or into the cathode side of the circuit. It may be
elther positive or negative, as in the basic circult, de-
peading upon the action desired. Reversing the polarity of
the supply voltage will give a count in the reverse direc-
tion and interchange the conception of how many tubes and
how many groups we have. Reversing one rectifier ring
will give a new progression of tube firings and will, con-
sequently, require a new set of numbers if counting sequence

is to be considered.
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In the simplest case where there are only two groups
of one tube each, we have a flip-flop type circuit or
binary counter. The two rectifiers connected back-to~back
can be consldered as a pure resistance in parallel with a
condenser. The next step is to three groups of two tubes
each., We now have a ring of three rectifiers in anode
circult and the cathode circult with a ring of two rectifiers
as 1n the anode circult of the previous case. Here the
count will proceed to six before repeating. Outside of
using the basie circuit with a given number of tubes, this
circult seems to offer a very good and economical counting
array if 1t will work into a particular numbering system,
We may, for example, use a count of six and a decade count
in tandem to count up seconds from a sixty cycle voltage
supply. Repeating this combination we may count down to
minutes. Now we may have a decade system to‘ksOp track of
the minutes, indicating the number by the glowing of a lamp.
A count of six may indicate the tens of minutes and these,
in turn, may drive a count of twelve which will show the
hours, This would make a clock which, for example, could
be photographed along with a record to keep track of the
time. With seven rows of lights and reference lighte to
fix the position of the group and alse to indicate A.M. or
P.M. we may indicate time to the nearest sixtieth of a

second for a complete day.
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With the foregoing for a background we may make a
detalled study of the possible simple circuits of the type
already covered. Remembering the rule that the number of
rectifiers used in the upper portion and the lower portion
should not be divisible by the same number we may develop
a set of numbers of the counts readily obtainable. By
proper handling of the circuit some numbers may be included
which are divieible by the same number, and, in particular,
where one 1s equal to the other. First, remember that we
can not use the same number of rectifiers on each side,
gince both are divisible by the number iteelf. Ae long as
one side contains & prime number, the other side may con-
tain any number except the same prime number or any multiple
of it. Perhaps the most economical combinstion is nearly a
square, or where the numbers differ by one. Assuming that
we limit ourselves to ten rectifiers in a ring, we may make
up a table of the possible combinations. Such a table would
include the use of no rectifiers on one side as in the
basic elreult. A two rectifier ring needs no rectifiers,
since a resistance shunted by & smell condenser may be
substituted as explained previously in the case of three
and two combinations (six count). Perhaps there is a
mathematical explanation or theory, but since we co not need
to go beyond ten rectifiers in a ring to obtain a count up

to 90, we will not need to develop such a theory, If a
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higher count 1s desired, then the pattern of the table will
peint the way. In reality it is much better to cascade the
circuits, much a8 a worm and gear arrangement, to arrive at
higher counts., For example, in conventional counting olr-
cuits using tubes, the cascaded binary system 1s the most
economical with regard to the number of tubes used. In our
case two decades, requiring 10 rectifiers (5 for each decade),
will give a count of 100 with a total of 10 counts per
rectifier used,

Table I shows the count that may be obtained for a
complete cyecle. The rectifier ring per circuit is indicated
with the total rectifiers used and the "rectifier use factor”
which numerically is the count obtained per total number of
rectifiers used. In this system we will use one tube for
each count. Later we will show the number of tubes used
may be decreased to the order of the number of rectifiers
used if a counting code is used.
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TABLE I
Count Rectiflers Total Count ~
Upper Lower Rectifiers Rectifier
2 2# 1# 0
it s B 5 1
1% - I
5 5 1
6 3 2# (6-1)## 3 (6) 2 (1) ##
7 7 1# 7 1
5 i B ; 1
9
10 g 2¢# (10-1) 5 (10) 2 (1) ##
12 3 7 1.71
14 7 24 7 2
15 5 3 8 1.87
18 9 2% 9 2
20 5 b 9 2.22
21 7 3 10 2.1
24 8 3 11 2.18
28 7 11 2,54
30 6 5 (10-3) 11 (13) 2.78 (2.3)
35 7 g 12 2.92
6 9 13 2,77
0 8 5 13 3.08
k2 7 6 1 3.23
45 9 5 1 3.21
56 8 7 15 3. 74
63 9 7 16 2.94
70 10 7 17 . 20
72 9 8 17 L 24
90 10 9 19 4.73

## Numbers in ( ) are for simple basic circult where one
rectifier 1s used per count.

# Note: Where circult shows 2 rectifiers, actually none
are needed as the equivalent is a resistance shunted by
a small condenser. One rectifier in a ring amounts to
having none at all,






CHAPTER VI

SPECIAL CASE CIRCUITS

By resorting to some speclal methods, counts other
than those already shown are obtainable. The same counts

in some cases are obtainable with reetifier ring combinatione

which, while somewhat extravegent, may prove more relisble
because greater voltage differentials may be used. As an
example, the count of eight in the basic circuit may be
near the limit of the revolving power of the rectifiers,
while a eircuit equivalent of the count of 12, uasing a
ring of three and a ring of 4 rectifiers, may be used with
a certain group of four tubes omitted. This circult will
be discussed subaequ;ntly, but first it might be mentioned
that the same method can be used to obtain a count of 9,
16, 25, ete., (squares) by forming a rectangle of lights,
by adding more rows of lights than needed to determine the
rectifier arrangement; then by removing certain lights only
those actually wanted are retained,

To explain the method used we may take the parti-
cular case where a count of eight may be obtained. Review-
ing the eircult to give a twelve count in which we used 3
rectifiers on one side of the tubes and 4 rectifiers on the
other slde, we see from Fig. 5 that there is a certain
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pattern to the way the numbers appear. Make a matrix of the
tubes with the number of tubes per group as one dimension
and the number of groups as the other. HNumbers may be
written in accordance with the pattern as shown in Fig. 5a.
Thus 1t can be seen that there is a definite order to the
way the count will progress. For this particular case pro-
gression is dlagonally down and to the right. When at the
extreme right, drop down one row and start back in on the
first column (left). When at the bottom, go to the right
one column and start in again up at the top row, This pro-
cedure may be used for all the combinations and is useful
to show the pitfall; for example, if the matrix is a square,
the count will progress diagonally down to the right hand
bottom corner and then repeat the count again at the be-
ginning without inecluding the other tubes, Having seen how
the 12 count circult functione we may remove the number
three tube; then since this tube will be skipped we will
progress to a corresponding tube in the first group if the
rectifier voltage differential of the upper rectifiers is
greater than the lower rectifiers or tube seven will come
on, If the rectifier voltages were the other way around,
then it would be dictated that the next eligible tube in
;he third group would come on. In such a situation, tube
twelve would come on and the count would revert to the be-

ginning, or one. This is undesirable, so the first case
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should be returned to. The new count obtained is shown in
Fig. 6, with Fig. 6a showing the new matrix arrangement. It
will be noted that since the tube marked X (Tube 3, Fig. 5)
is removed three other tubes will be by-passed. Since they
are not utilized they may be omitted. The tubes may now be
renumbered in the appropriate order. Without drawing the
circult for obtaining a count of sixteen, the arrangement of
tubes may be shown by a matrix and the tubes to be omitted
may be indicated. 8Six rectifiers may be used on eﬁo side and
four on the other., Ordinarily with ten rectifiers (7 - 3} a
count of 21 could be obtained, but in this instance a count
of 16 suffices. With nine rectifiers (1 less) in a 5-4 com-
bination a count of 20 could be realized.

1/X/13| 9 [
Fig. 7 shows the tube arrangement with % 2 Lg_ 10
the number count obtainable. There are Lf
other combinations where eight tubes Fig. 7

may be omitted and a count of 16 may still be realized. It
will be noted that going from the count of one, preference
is given to the %third column (tube marked 2) since the
normel tube (second row, second column) is missing; then
later 1t is necessary to omit another tube to shift the 13
count into a free path, These positions are indicated with
an X. To develop the pattern further so as to establish &
procedure for obtaining these specisl counting arrangements,
a simple rule of omitting one tube for each two rows as we
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proceed with our count may be used. Starting with 1 in the
upper left{ hand corner, and proeceeding diagonally down and to
the right, see Fig. 8, omit the

: 1 13 9! 5

next tube encountered; this makes #2 6] X| 2[1% 10|
; 1k ¥ _i}

fall one position to the right, 12| X| 16
Then proceeding normally until we Fig. 8

have come around to the second pair of rows, omit a tube

from the last row (maerked X) to shift the count of 8 one
position to the right. If the tube of position 7 were omlitted,
the B8 count would still come at the same place and the count
would carry on as shown to 16 where it would repeat. If

tubes were included where the blanks occur, they would be
skipped over anyway, and hence are superfluous. However, it
ls necessary to omit the tubes indicated with an X to obtain
the count as shown, If all tubee had been used, then the
count shown in Fig. 9 would have re-

1 9 3
sulted and & count of 12 or only # 2 10 6|
11
of the tubes would be useful. In ! 8 2 I 12
this case, the rectifiers are Fig. §

erranged in a 6-4% combination and
both numbers are divisible by 2. When 6 is divided by 2 a
3~ combination is ylelded. This will also give the count
of 12 but uses 3 less rectifiers,

Using this method other counts which mey be needed

can be worked out, A few of the more representative
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combinations are shown on the following pages. HNo attempt
will be made to show the ecircuits, sinece they will be
evident from considering ths circults already discussed and
remembering that the number of rows indicate the rectifiers
in the ring circuit on one side of the lights and the number
of columns the rectifiers on the other side. The numbers
included in the matrices will indicate the number of lights
and their number count. Referring to Pig. 10A it may be
seen that counts which are multiples of 5 may be derived by
merely using 5 reetifiers in one ring and the required
multiple in the other. This case is relatively simple,
eince 5 is a prime number. It will be noticed that 5 or a
multiple of 1t may not be used on the other side sinee the
proper progression will not be forthcoming. In another case
where 6 is used for one side one must use special methods
when the number on the other side is divisible by 6 or either
of ite factors, 2 or 3, For example, to get counts of 18,
24, 48, etec., extra reetifiers (columns) must be added and
then by omitting certain lighte the counts may be made to
come out correctly as shown on Fig. 10B. Two matrices, one
for a 8 X 6 (48) and one for a 9 X 6 {54) counts are also
included (Fig. 10C) to show how this method may be expanded.
For comparison on Figs. 10B and 10C respectively the 6 X 7
and 9 X 8 matride. are included to indicate the simple pat-

tern for one more rectifier on one side than on the other.
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On Fig. 11 is developed a system for counting by
squares, In general, two extra columns are added and a
corresponding number of lights are not utilized., This pro-
cedure gets the count over the hurdle presented 1f a square
matrix 1s used. By resorting to the foregoing methods it
is possible to 244 many number counts to our table of possi-
bilities,

It 1s impossible, ueing the ideas developed so fer,
to count prime numbers (2, 3, 5, 7, 11, 13, 17, 19, 23, 29, .
31, 37, %1, A3, W7, 53, 59, 61, 67, T3, T2, 79, e%e.).
However, i1t is posasible to resort to other methods to count
them., For example, if 7 is to be counted, then a cireuit
shown in Fig. 12A may be used. The basic cirouit for the
count of 6 (3 X 2) has one more rectifier added to the
upper ring. The count of 4 follows the three count nor-
mally since 1t is next in line., However, a rectifier is
used a8 a buffer to isolate the voltage drop in the cathode
resistance of Tube 4, Tube number 5 is either ehéson to
have a breakdown veltage advantage over tube 1, or else a
battery (or resistance carrying current) may be used to
give 1%t the necessary advantage over Tube 1. This will
permit the count to proceed to 5 from the 4 count. This
same rectifier 1s also used to prevent a count of 4 from
following the 7 count, and in this case the count will not
go to the favored tube 5 sinee 1t is held off by the direct
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connection to Tube 7. This will permit Tube 1 to come on
to repeat the cyele. A similar eircuit to count 11 is
shown in Fig. 12B. This is merely an extension to the 7
count circult, With a similar approach, but using more
complicated eircuits with additional rectifiers, it is
possible tc expand the counts from other arrays. For
example, if the prime number count of 13 is desired, an ex-
tension of the 11 count Jjust discussed may not be used be-
cause the count to 12 with the two by six arrangement (6 is
divieible by 2) is not feasible. Using the twelve count

{3 X &) array (eimilar to Fig. %) and adding one more reec-
tifier in the upper ring, a thirteenth tube may be ineluded.
As wae done with the eirecuites just dlscuesed, the thirteenth
tube is kept from coming on after counts of 8 and 4 by the
additional rectifiers in the cathode ecircuit, but it will
be allowed to come on arter the count of 12. With tube 1
handicapped favorably it will come on after the 13 count,
This explanation 1s sketchy, but the idea should be suffi-
ciently clear for the development of such counts of this
type ae may be desired. Generally, the simpler and more
straightforward circuits will be favored., It is now seen
that circuits can be devised for neerly all numbers., It
appears to be impossible tc count the prime number of 5 with
anything other than the basic circult wherein a ‘reotiner
ring of 5 1s used. This is probably because it is
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impossible to make a count of four with other than the basic
circult and it is needed before the count of 5 may be added,
as in the case Jjust discussed where a count of 6 1s ex-

panded to a count of 7 (Fig. 124).







CHAPTER VII
COINCIDENCE CIRCUITS

It is possible to use the circuits deseribed in a
slightly different form to act as coincidence circults, and,
with a form of coding, number counts of various combina-
tions may be developed, There is a gain in simpliecity.

The number of glow lamps may be reduced to the number of
rectifiers used, It is also possible to drive the ecir-
cuits from a common trigger source and thus avold the ne-
cesslity of having intermediate trigger or buffer stages
between the counting stages. The general idea 18 to use
the basic circults for the most part. These may be used
in multiples to formmultiple dimensions. For example, the
use of three and four ring circuits as shown in Fig. 13
would represent a 2 dimensional matrix, This corresponds
to the 12 count circult using simllar rectifier rings in
the anode and cathode ¢ireuits (4 X 3), but now only 7
lights instead of 12 are needed. Aes the numbers are in-
creased the percentage of lights required decreases
materially. The coding is brought out by this example, It
may be seen from the matrix when light 2 of each group is
on & count of 2 is indicated, and when the third light of
the 3 ring and the fourth light of the 4 ring circult are on
the count is 12. The next count will bring on the first
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light of each for a new cycle on the count of one. BSee
lights indicated for corresponding count on Fig. 13b. Fig.
13c gives the table which follows previous thinking. Any
particular number may be detected by coincidence circuits.
They may be arranged so that when two lights are on, the
two grids of a tetrode may be energized at the same time,
allowing plate current to flow which, in turn, may be used
to produce a signal and to indicate a particular number,

In Fig. 13, tubes 1 of each group are connected to a common
resistor. The drop in thie resistance may be made suffi-
cient to trigger an indicating tube only when both tubes
are on and %two units of current are flowing through the
resistor,.

This idea may be expanded to include a third group
of tubes with a 5 count adéod as shown in Pig. 14, This
results in a three dimensional matrix uhi&h is shown in two
of the various ways this combination may be represented,
Here for a count of 59 (circled), the second 1light of the
three group, the third 1light of the four group, and the
fourth light of the five group are all on together. In a
counting sequence the first light of all the groups are on
together every sixtieth count {product of 3 X 4 X 5).
These lighte may have sufficient drop in the common resis-
tor to trigger the proper kind of voltage ﬁltcr&nlnaﬁor
circuit, -
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This arrangement would be ideal for integrating 60
eycle power and producing a signal "pip" every second,
Minute pulses could be produced hy counting these “pips"
with another similar arrangement,

Before gnoing further, it should be mentioned once
more that as in the previous case, the numbers used in a
matrix wust not be divisible into each other nor by the
same number. For example, 3 and 6 must not be used to~
gether, as a coilnclidence will occur every sixth count in
place of every eighteenth as might be desired. Two and 3
ring circults would serve the same purpose.

This type of eircuit may be extended to any number
of dimensions and arrangements, A few examples should be
discussed to disclose the possibilities of these circults,
Referring to Fig. 15, the matrix arrangement for a 3, 4, 5,
and 7 elrcults combination is shown., It is not necessary
to draw the eircult because it is an extension of Fig. 14,
In this case, the fourth dimension hsas been added. After
studying the number sequence, it is clear that there iz a
certain pattern whieh simplifies the way the numbers may be
written, Fig. 16 shows the skeleton of the number system
and from this 1t can be seen that, for an increase 1n’eount
of 12, the count has returned to the same rectangle. For
example, starting with 1 in the upper left hand corner at
the count of 13, the number returns to the same group. In







Ly

o) b\%t S\. UUW\

Jure) 0Z7# anle \Wx J\w b m.
wwin)e > ‘Gorr €T "814
mm. um.ﬂ 89T Mnml Wmmn“n STC |66€ ww.« MMH “%ww 012 | 462 |8LE .Mw.m w«a mww mmlw €42 |4SE
1 : T : -
bmhhm«..%mhﬁwmﬂ : waﬂ m_w.m 4zt |IT 0 rﬁﬂmmm. 222 |90E] [682[69€ mm Tt
%mWWmmm.ﬁﬂ “wmm €6 |E2T[L0Z [162 .«ﬁmﬁm%ﬂ dm: mum.mmm i
042 Eﬁw 96T mm.m.uwmm%mﬁa 0 T8 z CHE €6 |41
021 [402| 882 [24E[9C 1 8T (492 [T5¢] dﬁﬂwﬂﬂﬂlhm.: z| [C2Z[60C [CBE (28

04T 422 | 80C [26€ (95 | |S€ €0z »mm TLE] [0SE [4T mm 1199z |64z ]625 Ct |4

0Z [#0T[88T Mm 96¢c| [SEE|6TH|E 1 [162Z| [0€Z [41€[86E(2 T .nmmw 602 €62 [44E |
02¢ |40 mwauMhnH 9ce nmﬂ TET| [OTL[#BL .mmm%. z L |68 [EAL[452
00¢ 142 9T 2¢ 191 [ Tt | [0Th|nd |851|24e|92C| [SOL[GEE[Es |4t
mmw Rl bl 2 116t ﬁmm AL : mm« nwﬂ.mwm & M.M
09z 4|8 WMN 94T T|6€z|C2E [Zon [T 28 [4#€T[8TZ|20C (98 €9t |6z |ETT [Z8T |

082 |49€ |82 [2TT omh SLT|6S2|EHE|L |16 04 |#ST|8CZ|22€ |904 mmn .mu EET [4T2
(09T [#42 [82E [2T4 |9 66 [6ET €22 [20€ [T6E| [0ZE[|%E [8TT|202[982 9z [64E [E€T |46

U _[W21|B0% 262 [94E| [ESE[BT [LOT[ZBT [1Z2| [05Z|HEE [8TH[28 991 mﬂrhﬁ LBE
OWE |H z 52| [SEZ|6TE[C0#4[49 [TST| [0E€T|#T2 [862[20¢C 2 _|60T|E6T |42 [T9€
022 [#0F [BBE TS | STL 66T €82 [LOF [1E 0T _[#6 |84T[292 $2t |60% [E4 |45

0T [#8L (892 [2SE ST |64 |E9L H|mm TEE| [OTE[HBE [BF [eH1 922 [502 |682 [E4E [4E

00% %9 4 6T [BLE[Ef (42T [T12| [0BT[#iT [85E S8 (69T [|E5¢ |[LEE

Moy oT3uwyooy
"JUnCy 024 < L X 6 X 4 X







ks

91 "81a *2X1a Teuodeiq
("32Tq 28T3) o4T = & 9€ = mm.m ‘308y ‘oN

X6 X4
"IITQ CasA) 02T = z(09) = (S¥H¥%C)Z
"33t ‘soey ...ﬁw 3“.. 4 mw mvm 19 A

"J3TQ TPQUOZTJIOH) 48 = 4 02 =L XS X#XE
- 48 |9€E
£ 3% X3 9
08T [#9: 4 4 tC
AL |B2e 19 T
T e . :
021 9 5T Tﬁ .

€ 0S¢ [4T mm.ﬂ 2811992,
o2 0£2Z [Tt |B6L [29
ﬂdwummﬂ 8LzZ| 29 |92 4
2z o .&m 7A Zhe |92
- A w&w 8E [221[90Z] ZT
8 05 [#ET|8Tz Nom o@m 62
g A
Ht £T
0% 61
4 wH 62
91 . LE
: ze T







46

the process the count has progressed five rows down and moved
two columns to the right, Just as though the count had gone
on in one rectangle as in the previous example. Each time
around, an additional count of twelve will be added until,
on the third time around, the number will appear adjacent
to the number one. The number will now be greater by 36
and its position will be one row down and one column to the
right, as given by the position of 37 relative to 1.
Referring to the lower right rectangle (Fig. 16) one
may see how the numbers may be written in., B8tarting in the
upper left hand corner of this rectangle with the number 36
and increasing each number by 36, the original rule may be
used; write the numbers in dlagonally down and to the right.
When progress is blocked going down, start in again at the
top (going from 84 to 120), and when stopped at the right,
shift over to the left column (as in going from 300 to
336). The number is never allowed to exceed the maximum
count of the squares, Hence, in this case the number 520
( 3X4X5X7=420) should be subtracted from any number over that
amount. This rectangle contains all the multiples of 12
since 1% is the 12th rectangle in the counting sequence.
The second rectangle in the second tier is filled in com-
pletely to show the pattern. It will be noticed that the
number differences in the rows and columns bear a certain

relationship to the number combinations, The numbers in
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the columns increase by 120 (3 X 4 X 5)X2 going down the
column or 300 (420 - 120) going up. In either case the num-
ber 420 is not allowed to be exceeded by always subtracting
420 from sums that go over that amount. Corresponding num-
bers in the various tiers differ by 140 or 280 based on the
product, &# X 5 X 7. Numbere in the rows differ by 84

(3 X 4X 7). HNumbers in corresponding positions in ad-
joining rectangles differ by 105 (3 X 5 X 7). It will be
noted that there is a very definite arrangement of the
numbers, All the odd numbers are in alternate rectangles
and the even numbers in the others. The last number in
every column is the same. If it is desired, a five dimen-
sional number arrasngement may be made using the numbers 2,
3, 5, 7, 11, which will give a total count of 2310 (= 2X 3
X 5X 7X11). Without working it out, we know that it
will resemble the example Just covered except that there
will be two sets of three tiers containing 5 rectangles
each with 77 spaces (7 X 11) in each rectangle. One could
no doubt find some simple relation to the numbers and thus
establish the neéecessary system, MNany combinations of
numbers may be bullt up in this manner. It should be re-
membered not to have numbers divisible by the same number;
this will make the use of prime numbers quite desirable.

In any of these systems, with suitable circultry, the pulse







48

may be used to reset the number system at & particular count
and thus allow it to start the count over again at the be-
ginning. For example, a 3 X 5 X 7 system which normslly
would count up to 105 could be made to repeat at the

count of 100, This will permit a system to fit into &
decade or another suitable count pattern. A 3 X 4 system
could count to ten and then revert to one. For example,
using the system shown in Fig. 13 but starting the number-
ing with 0 in place of 1 an arrangement will be needed to
have the count of O made to come on in plage of the count

of 10 (Pig. 17), or else when the

9 @ 0 0
count of 9 comes on the next count 0800
should make the 4 ring go back- 10 rg : 2 ‘
wards and prevent the 3 ring from 4 'R 0 0O
advaneing from the first glow lamp |8 000
sinee the count of zero is indicated Fig. 17

with the first two lights on. In effect, the decade count
ls accomplished by skipping the last two counts of the 12
count (ducdecimal) scheme,

By limiting the ring counting cirecults to a maximum
of eleven rectiflers, then with a four dimensional circuit
using 7 X 9 X 10 X 11, a total count of 6930 could be
attalned. A three dimensional arrangement of 9 X 10 X 11
would yleld a count of 990 and a two dimensional 10 X 11
would give a 110 count.
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In general, this system will not produce numbers that
are compatible with the decade system, but because of its
simplieity and the possibility of restarting the count at
any place as Jjust diseclosed, it should be useful in the
art of counting or computing. As in the basic circults
this coinecident type ecircuit can be made to count backwards

with suitable "reversible" rectifiers.
Having discussed the possibilities of the various
counting circuits it would be well to show how these may be
put in tandem, ¥Fig. 18 shows two decades (10 count each),
one used to trigger the other when 1t completes a count of
ten as 1% returns to zero. A Tlip-flop vacuum tube cir-
cult may be used between each stage. This tube not only
permite simple reliable triggering, but it becomes a
positive means of advancing the count each time it receiven
an impulse from the preceding stage (its zero count). With
this eircuit we no longer need to depend on discharge lamp
action to extinguish an on lamp. The two cathode voltages
on the decade it controls are interchanged each time the
tube is flipped. This will cause the ready glow lamp to
come on, The giow lamp which wes on will be extinguished
since the voltage applied to 1te cathode 1s raised. At the
same time the anode voltage will be lowered from the action
of the lamp just ecoming on; this will help as brought out

in the previous explanations,.






g by

obops peN oL _ S L
an:%ow 24¥NJ2L|V/ ) =
sboyg pr2 | | aboys 47 o
& i 38 !
13 %- |
:

glslolelplelzl]o] 6 jvlelelalz)loledo
: Aw@@ Seles & nw ag %% m_w

dA"A

M
11
5§ 4







50

Both decades are the same, but are drawn differently
to show a comparison between the paired arrangement, which
follows along lines of previous discussions, and the tubes
arranged in numericasl order as shown by the way the second
decade is drawn. The Flip-Flop ecirouit has resistance
values suitable for its proper operation and for the pro-
duetion of proper cathode voltages to advance the decade
in asccordance with the preceding description.

Using the two simple six count circuit shown on Fig,
19 drawn in pairs and with tubes in order of count the
possibility of using a gaseous discharge tube similar to
the counting tube to trigger one set from the preceding set
when it returns to zero may be investigated. The first
set is advanced each time tube V; is made to discharge 01
when 1t is tripped by an impulse impressed through con-
denger C,. The action in this case is such thaet the sudden
voltage drop {(of the order of 30 volts) impressed at point
A will lower the voltage across the on tube long enough
for 1t to delonize and when the voltage rises the reedy
tube favored by the rectifier array will be the one to come
on, The capacity of the cathode circuits to ground should
be sufficlent to maintain a voltage difference so as %o
Tavor the ready tube also. It may be necessary to place
a sultable condenser across the cathode ecircuits to insure
this action,
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In order to bring out another way that we wmay advance
the count, the second group of tubes is triggered in a
different fashion, Tube V3 is triggered through the con-
denser Cy by & positive pulie derived from the drecp in the
transformer T-1 in the cathode of the zero tube of the
previous stage when it comes on, When tube V2 breaks down
the sudden drop in voltage across it (30v) will be im-
pressed as a repid rise on point B, thereby inecreasing the
voltage across the tubes, This will cause the ready tube
(#1 of the second group) to come on and this will prevent
any other of the tubes from coming on for that particular
count and the tube which was on will aleo be extingulished
in the proéosa. ’

While the transformer T-1 1s used to couple into
the zero count tube to provide a trigger for the sueceeding
stage a resistance could be used instead as indicated in
the cathode eircuit of the zero tube in the second stage.

Before closing, it should be mentioned that a trans-
former similar to the one T-1 in Fig. 19 might be used to
couple counting circuits stages similaer to those covered
in Pig. 4 where rectifier rings are used in both the anode
and cathode eircuits. Otherwise special circuits will have
%o be devlised to pilck off trigger voliage at the right
time, As an example, an auxiliary tube may be shunted
across tube 2 of Fig. 4. It should include a high enough
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resistance to prevent 1t from disturbing the circult. When
tube one comes on for a new count tube 2, being the ready
tube, will have the highest voltage across 1t and hence can
be sufficient to cause the suxiliary tube to conduct
current and be useful to produce a trigger signal. This

of course will correspond to the time that the count one
camé on in this case or to the time a new cycle was started.
Generally however the zero count will be assocliated with
the completion of a eyecle for it is then that a signal will

be needed to advance the cocunt of a succeeding stage.






SUMMARY

Gaseous discharge tubes may be used to form eountzng
circults and may be given a sense of direction by the use
of rectifiers. Many combinations are possible and various
counting systems are feasible, Counting may be reversed
by reversing the rectifiers physically or electrically.

A novel operation of riné circuits of appropriate count
slmultaneously yields a count in the form of coding. Oo-’

incidence circuits may be used to detect desired counts,
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