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9 Claims.
1

This invention relates to an electronic device
for counting electric impulses in the binary sys-
tem of numerical notation and translating the
counted number of impulses into the decimal
system of numerical notation.

- In electronic counters of data represented by
impulses, high-speed reception is desirable. It
is well known that the response of two high-
vacuum electron tubes coupled in a trigger cir-
cuit, so that when one tube is conducting the other
tube is perforce non-conducting at any given in-

stant, and so that their mode of operation as-

to which tube is conducting is changed by an
electric impulse commonly impressed thereon,
may be several million a second. By the use of
the binary system of numerical notation, in which
each denominational order is represented by two
digits, commonly expressed as “0” and “1,” one
tube of a trigger pair may be arbitrarily desig-
nated as “0” and the other tube of the pair may
be designated as “1,” constituting a complete de-
nominational order, the two tubes forming a two-
element counting ring.

By the connection of such trigger-connected
pairs of tubes together in a sequence whereby,
upon two changes of the mode of operation of one
pair, an impulse is impressed upon the next
higher trigger pair of the sequence, causing a
single change in the mode of operation of the next
higher pair, a multi-denominational counter in
the binary system of numerical notation is cre~

ated. Such counters have hetretofore been known. .

~ Because of the difficulty in mentally interpret-
ing the value of a number represented in the
binary system of numerical notation, it is desir-
able to translate such a number into the decimal
system of numerical notation, with which most
persons are familiar. This invention provides a
binary counter capable of receiving and counting
individual electric imptlses accurately at the rate
of over a million a second, and provides electronic
means for automatically translating the counted
data into the decimal system of numerical nota-
tion in a very short time, For instance, a number
accommodated by twelve denominational orders
of the binary system may be translated into the
decimal system of numerical notation and stored
in a decimal denominational electronic accumu-
lator in a fraction of a second.

The disclosed embodiment of the invention pro-
vides means for counting in one operation a group
of impulses having not more than 21! units, but
the principle of the invention is not so limited,
the system being indefinitely expansible. The
decimal denominational accumulator likewise, as
shown, has a limited capacity, but it too is capa-
ble of indefinite expansion.
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Therefore, it is the principal object of this in-.
vention to provide an -electronic receiver for
counting electric impulses at high speed.

Another object of the invention is to provide
an electronic counter of electric impulses, the data
being received in a counter based on the binary
system of numerical notation, which data is
thereafter translated and entered into an accu-
mulator of numerical data based on the decimal
system of numerical notation.

Another object of the invention is to provide
novel means for translating data from the binary
system of numerical notation to the decimal sys-
tem of numerical notation.

Another object of the invention is to provide
means to create a number of electric impulses in
each of a plurality of denominational orders of
the decimal system of numerical notation that
is the equivalent of data counted in the binary
system of numerical notation.

Another object of the invention is to provide
a storage means for counting electric impulses
impressed thereon at intervals of the order of a
millionth of a second in the binary system of
numerical notation, which received data is there-
after gutomatically translated into the decimal
system of numerical notation at the end of the
reception.

Another object of the invention is to provide
means to translate a number represented in a
given denominational numerical notation into
another denominational numerical notation.

With these and incidental objects in view, the
invention includes certain novel features of con-
struction, circuit designs, and combinations of
parts, the essential elements of which are set
forth in appended claims and a preferred form
or embodiment of which is hereinafter described
with reference to the drawings which accompany
and form a part of this specification.

Of said drawings:

Fig. 1 is a diagrammatic functional represen-
tation of the invention.

PFigs. 24, 2B, 2C, and 2D are split views which
together form a circuit diagram of the binary
counter.

Fig. 3 shows the binary counter scanning sys-
tem with connections to the binary-decimal
translating unit.

Figs, 4A, 4B, 4C, 4D, 4E, and 4F are split views
which together show the translating switches
and connections to the decimal impulse unit.

Figs. 54, 5B, 5C, and 5D are split views which

" together show the decimal impulse producing

unit and the amplifiers therefor.
Figs. 64, 6B, 6C, and 6D are split views which
together show the decimal accumulator.
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3
General description

In the disclosed embodiment of the invention,
a binary counter having twelve denominational
orders is provided, which will receive up to 4085
impulses at any one operation. The number
“4095” is the number of such impulses repre-
sented in the decimal system of numerical nota-
tion. In the binary system of numerical nota-
tion, the lowest denominational order, 29, can
register zero or one unit; the next higher denomi-
national order, 2!, can register zero or two units;
the third denominational order, 23, can register
zero or four units; and the fourth denomina-
tional order, 23, can register zero or eight units,
the registering capacity of each denomination in-
creasing by a power of two instead of, as in the
decimal system, by a power of ten. In the above
examples, the powers of two were translated into
decimal numbers,

Thus, for example, the following table gives.

the binary equivalents of a few numbers denoted
decimally:

Decimal Binary
notation notation
1 - 1 -20
2 - 10 -2l
3 - 11 =420
4 - 100 =g
5 - 101 =420
8 - 110 =204-21
7 - 111 -4 2420
8 - 1000 -is
9 - 1001 =204-20
10 - 1010 -4-21
i1 - 1011 =421 42

In translating the binary number 1011 to the
decimal system, for instdnce, 2% is added to 2!
and 2°, which is 84-241=11.

It will thus be seen that the twelfth denomina-
tional order of the binary counter will represent
211, or 2048 in the decimal system. The total
registration capacity in a twelve-denominational
order binary system counter is, as in other de-
nominational systems of numerical notation, the
sum of the maximum registration that car be
made in each denominational order, and such
maximum sum consists in this case, wherein
twelve binary denominations are provided, of the
sum of the following numbers, based on the deci-
mal system: 1, 2, 4, 8, 16, 32, 64, 128, 256, 512,
1024, and 2048, which numbers added together
give a grand total of 4095, which is, as hag been
stated, the decimal capacity of the binary counter
shown.

It will be apparent that the digits of the units
denominational order of the decimal system of
numerical notation which it will be necessary to
use to represent the flrst twelve denominations
of the binary system decimally are 1, 2, 4, 6, and
8. The highest digit, therefore, in the units deci-
ma] order that is needed to represent a denomi-
nation of & binary number of a possible twelve
denominations is 8; the highest decimal- digit
required in the tens decimal order iz 6; the
highest digit required in the hundreds decimal
order is 5; and the highest digit required in the
thousands decimal order is 2. Thus, in trans-
lating from the binary counter, denomination by
denomination, to the decimal counter, the maxi-
mum number of unit entries in the decimal de-
nominations for one denomination of the de-
scribed binary counter will be as just stated;
that is, any number up to 8 in the decimal units
denomination; any number up to 6 in the decimal
. tens denomination; any number up to 5§ in the
decimal hundreds denomination; and any num-
ber up to 2 in the decimal thousands denomina-
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4
tion. For embodiments of the invention which

g0 beyond twelve denominational orders in the

binary system, provision must be made to ac-
commodate a higher number of input impulses
into certain of the denominational orders of the
decimal system. It is the purpose of the preced.
ing discussion to explaln why, in translating
from the described binary counter, denomination
by denomination, to the decimal counter, provi-
sion is made for entry of fewer than ten digits
into some of the decimal orders. '

Referring to Fig. 1, successive electric potential
impulses are entered into the binary counter,
which has beforehand been set to zero condition.
After the selected number of impulses has been
entered into the binary counter, not to exceed
4095, the operator then, by a control switch,
causes a scanning device to sense the condition
of the binary counter to determine into what
denominations digits are entered, As the binary
counter is scanned and denominational orders
are found into which entry of data has been made,
certain translating switching operations are
initiated automatically, which cause differential
control of the decimal impulse unit, which in turn
automatically produces impulses corresponding
to the denominational orders of the decimal sys-
tem. These produced decimal denominational
impulses then are entered into a decimal elec-
tronic impulse counter, which receives, or is
capable of receiving, more than one translating
operation and accumulating the sum of the data
entered in the several operations. The decimal
accumulator may have a capacity as great as
desired, as will be shown later.

The binary counter

Referring to Figs. 2A, 2B, 2C, and 2D, there
is shown a group of twenty-four high-vacuum
electron tubes, connected in twelve trigger pairs,
whereby one tube or the other tube of a palr is
conducting and the other tube of the pair per-
force is non-conducting at any given instant.

- Referring to Fig. 2D, there are shown three pairs

of trigger-connected tubes, which are designated
20, 21 and 22. Pig. 2C shows three more pairs of
trigger-connected tubes, designated by pairs 27,
24, and 2%. In PFig. 2B are three pairs of trigger-
connected tubes, representing 2¢, 27, and 25, In
Pig. 2A are the remaining three pairs of trigger-
connected tubes in the binary counter, repre-
senting the denominations 29, 21°, and 2!!, The
zero condition of any of these denominations is
when the mode of operation is such that the
upper tube of that pair is in a conducting con-
dition, If a trigger pair is in a mode of opera-
tion such that the lower tube is conducting, that
signifies that there is counted in that denomi-
nation the number “two” to the power which
that denomination represents. The condition of
& tube’s being in a conducting state is represented
on these drawings by diagonal lines across the
representation of the tube, and, as shown, for
purposes of illustration only, the number stand-
ing counted in the binary accumulator is equal
to 2“: +2’| +2., +21t +2°v +2‘» +22’ +2°- Trans-
lating this number fully into the decimal system,
we have as the number of counted impuises the
sum of the following decimal numbers: 2048, 5132,
256, 128, 32, 16, 4, and 1, which sum is equal to
2997 in the decimal notation.

The tubes constituting the pair of 2° power,
which must respond to each input impulse, are
high-vacuum tubes each having a highly-emissive
cathode, an anode, a control grid, a screen grid,
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and a suppressor grid. A tube of the “8AQT”
type may be used. The tubes of the other trigger
pairs, not requiring as frequent response as the
tubes of the 29 power pair, may be of the “1231”
type. The tubes of the 2° pair are conditioned
to be responsive to positive input impulses, and
the tubes of the other pairs are conditioned to
be responsive to negative input impulses, The
tubes of the 2° pair may be made responsive to
negative input impulses, if desired, by changing
the bias potentials, as is well known in the art.
The pair constituting the 2° power may, if de-
sired and if slightly lower response is sufficient,
be like the other pairs of tubes,

The cathodes of all the tubes.are heated in-
directly by filaments shown conventionally and
are grounded by being connected to conductor
20, which is grounded. Each of the anodes of
the lower tubes is supplied with a positive poten-
tial of 125 volts by being connected to conductor
21, each through a resistor like resistor 22 (Fig.
2D) of 6,000 ohms for the 2° tube and of 25,000
ohms for the rest of the lower tubes. The anode
of each of the upper tubes is supplied with a
positive potential of 125 volts by being connected
to conductor 2i, the 2° tube bheing connected
thereto through a resistor like resistor 45 of 5,000
‘ohms, a point like point 468, and & resistor like
resistor 47 of 1,000 ohms. The upper tubes of the
higher orders have their anode resistors corre-
sponding to resistors 45 and 471, of a value of
20,000 ohms and 5,000 ohms respectively. Each
control grid like grid 48 is connected to a con-
ductor 23 through a resistor like resistor 24 (Fig.
2D) of 91,000 ohms and three points like points
25, 26, and 21. Each screen grid is connected to
a conductor 28 through a resistor like resistor
28 (Fig. 2D) of 60,000 ohms and through a point
like point 30. Conductor 28 is given a positive
potential of about 125 volts through terminal 31
(see Fig. 2A). Each suppressor grid like grid 49
is connected to a conductor 32, which is normally
grounded by being connected through point 33

(Fig. 2B), switch 34, and conductor 35 to ground.

conductor 20. Each anode is connected through
a point like point 36 (Fig. 2D), a conductor like
conductor 31, a point like point 38, a resistor like
resistor 39 of 60,000 ohms in parallel with a
capacitor like capacitor 40 -of .00002 microfarad,
and a point like point 41 to the control grid of
the tube paired with it in the trigger circuit. .
The switch 34 (Fig. 2B), when in the position
shown, grounds the suppressor grid of the lower
tube in each of the denominational representing
trigger pairs. With the suppressor grids of the
lower tubes thus grounded, the tubes of a pair
are in condition to receive and be responsive to
impulses impressed on their control grids. It
" will be ohserved that, when the switch 34 is
moved to the terminal 19, supplied with 130 volts
negative potential, such potential is applied to
conductor 32 (see also Figs. 2A to 2D), and
thus the suppressor grid of each of the lower
tubes is given a high negative potential, which,
with the values of potential and the values of
circuit elemments given, will cause cessation of
conduction ‘in said lower tubes if any are then
conducting, and therefore causes conduction to
occur in all the upper tubes, thus causing the
binary counter to register zero. A 25,000-ohm
resistor §f (see Fig. 2B) is made to connect con-
ductor 32 to ground in order that, when switch
34 is moved from ground to the negative 130-volt
terminal, the resistor 51 will act as a means for
stabilizing the suppressor grid potential.

6
Point 52 (Fig. 2D) is impressed, through the
input termina] 83, with positive potential im-
pulses of approximately 60 volts amplitude each,
said impulses preferably having a steep wave
front and an exponential wave decay. From
point 52, said impulses are impressed on the con-

" trol grid of both the tubes representing 29, the
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upper tube 54 being impressed with said im-
pulses through a capacitor 50 of .000025 micro-
farad, through point 56, point §7, and point 4l
onto the control grid 44 of said tube 54, and said
impulses are impressed upon the lower tube 55
of the same trigger pair through capacitor 58
of 000025 microfarad and points 28, 26, and 21
onto the control grid 48 of tube 55.

Points like point 46 between resistors 47 and
45 (Fig. 2D) in the supply conductor for each of
the anodes of the tubes of the upper set are con-
nected, through points like point §9, to the con-
trol grids of the tubes cf the trigger pair con-
stituting the next higher denomination of the
binary .counter; for instance, point 59 is con-
nected through the capacitor 60 of .00001
microfarad, point 61, point 62, and point 63 to
control grid 64 of tupe 65, and in a like manner
point 59 is connected through capacitor 66 of
00001 microfarad, point 61, point 68, and point
69 onto the control grid 10 of tube 71. .

If the tubes are in the condition of conduc-
tion, as shown by the diagonal lines, and a posi-
tive voltage input impulse of 60 volts is impressed
upon termina] 53 (Fig. 2D), the mode of opera-
tion of the trigger pair representing 2° will be
changed so that tube 54 is conducting and tube
55 is non-conducting. TUnder these circum-
stances, point 46, which has heretofore been at a
voltage of approximately 125 volts positive, will
receive a sudden drop in potential as tube 54
commences to conduct, which negative impulse

is impressed- through point 59 and capacitors 80

and 66 onto the control grids of their respective
associated tubes 65 and 11, the trigger pair con-
stituting 2!, and changes the mode of operation

_of that trigger pair in whatever condition it may

have been. There will be no negative potential
impulse at.point 46 until the next time tube §%

. ceases conducting and tube 54 commences con-

50

55

60

85

70

78

ducting, which event occurs at the second input
impulse upon point 52 from that input impulse
just mentioned. The values of circuit elements
and potentials suggested for the “1231” type of
tube will render the trigger pairs of 2! and higher
orders responsive only to negative impulses as
great in amplitude as the drop in potential of
point 46 when tube 54 begins to conduct. It will
thus be apparent that, with the tubes of the up-
per set in conducting condition, upon the first
impulse impressed on the terminal 53, the tube
55 will become conducting and the tube 58 will
become non-conducting. Upon the second im-
pulse impressed on terminal 53, tube 54 will com-
mence conducting and tube 55 will cease con-
ducting, and in addition tube T{ will become con-
ducting and tube 65 will become non-conducting,
and so on. At the end of four input impulses,
the condition of the binary counter will be such
that tube 12 alone, of all the lower tubes, will be
conducting, representing that there is accumu-
lated in the counter a sum equal to the second
power of two, which, if written, would be sighi-
fied in the binary notation as “100.”

It now becomes apparent how the binary
counter works, and it is glso apparent that, when-
ever one of the lower tubes becomes conducting,
its anode receives a sharp drop in potential due
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to the resistor in its potential supply conductor,
such as resistor 12 (Fg. 2D). The anode of each
of the lower tubes is connected at a point like
point 38, by a conductor like conductor 18,
through a resistor of 2 megohms like resistor (8§,
to a terminal like 14, which represents the lower
tube and the binary power of the assoclated trig-
ger pair. S8uch terminal will, by its potential,
represent. a conducting condition or a non-
conducting condition of its associated tube. The
terminals 14, 15, 16, 71, 18, 19, 88, 81, 82, 83, 84,
and 88 represent, respectively, the trigger pairs of
20 21 23 23 2¢ 28 2¢ 27, 28 29 210 and 211 and
if any such terminal has its potential rendered
more negative by the fact that the lower tube of
the trigger pair which it represents is in a con-
ducting condition, then such terminal may be
sensed by a wiper arm of a rotary switch, to be
described. The connections to such switch are
conditioned to cause a response whenever said
wiper arm reaches a contact with its potential
rendered more negative than the others, which
will cause g response in the translating switches,
to be described. The potential of such anode-
representing points when the corresponding tube
is not conducting is approximately 125 volts posi-
tive, and such points when the corresponding
tube is conducting are about 50 volts positive in
the case of the trigger pair representing 2° and
about 35 volts positive in a trigger pair represent-
ing the higher powers of 2.

The scanning device

In Fig. 3, the terminals 14, 15, 18, 11, 18, 19,
89, 81, 82, 83, 84, and 85 are the same as those
shown in Fig. 2D. Ratchet wheel 88, secured to
an axle 87, is rotated step by step by pawl 88 se-
cured to a solenoid armature 89, normally held
in an upward position by spring 90 away from
the solenoid 91. The coils of the solenoid 94 are
grounded through armature 89. Contact 92 is
broken when the armature is attracted to the
solenoid, deenergizing the solenoid, which is sup-
plied with operating potential through conduc-
tors 93 and 94. The contacts connected to ring
conductor 94 are wiped by arm 88, secured to
axle 81, as the ratchet wheel and the axle 87 turn.
Arm 98 is connected by conductor 98 and switch
87 to a potential supply terminal 88, supplied
with operating potential. With switch 81 closed,
the ratchet wheel and the axle will keep turning
step by step until contact 99 is reached, at which
point, because contact 99 is not connected to ring
conductor 94 except through switch 100, which
is the operator’s switch referred to in Fig. 1, the
ratchet wheel 88 will be stopped. Upon the tem-
porary closing of the switch (00, contact 98 will
be energized, and the entire ring of contacts will
be scanned until the contact 99 is again reached,
upon which event the scanning action will stop.
Wiper arms 101, (35, and 103 are all secured to
axle 87, said axle being of non-conducting mate-
rial, or, if of conducting material, having the
arms insulated therefrom, and are turned with
it step by step. Wiper arm 103, in rotating, scans
contacts representing the terminalg 74 to 8§ in-
clusive, said contacts being alternated with con-

- tacts such as contact 43 for purposes to be de-

scribed.
- The structure so far explained provides for the
counting of impulses at the rate of one million
or more g second, the energizing of twelve ter-
minals in accordance with associated tubes of a
twelve-denominational binary counter, and the
of said under control of an
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operator's switch. Each of said twelve terminals
is provided to contro]l the operaiion of an asso-
clated solenoid-operated switch. It is the
function of these switches to set up conditiong by
closing certain circuits and opening other circuits
whereby a decimal denominational impulse pro-
ducer is controlled to produce impulses in ac-
cordance with the data accumulated in the binary
counter.

Each of the lower tubes of the binary counter,
and each of the terminals 1T to 182 inclusive
(Figs. 3, 4A, 4B, 4C, 4D, 4E, and 4F), represents &
denomination of the binary system of numerical
notation,

It is seen that terminal {718 (Fig. 3) represents
the contact on which wiper arm {38 rests and
therefore represents terminal 78, on which co-
ordinated wiper arm 103 rests, which represents
the tube (see Fig. 2) representing the binary
denomination 24, which is 2XxX2x2Xx2, which is
“16” in the decimal notation. Therefore, it is
the function of the solenoid 207 (Fig. 4D), ener-
gized by terminal 118, to set up such a condition
in the decimal impulse producer that six impulses
shall be produced for the units order of the
decimal system and one impulse shall be produced
for the tens denominational order of the decimal
system. If we examine Fig. 2D, it is found that
the tube representing 2° is conducting, and there-
fore the solenoid 200 (Fig. 4A), representing 29,
will be operated as the scanning device moves
across the contact representing that tube, and
when that occurs, a condition will be set up in
the decimal system impulse producer whereby one
impulse is produced in the decimal denomina-
tional order representing units. The tube 12
(Fig. 2D), representing 22, or “4” in the decimal
notation, is also conducting and will, through the
scanning device, set up a condition in the decimal
impuilse producer, at a different time, whereby
four impulses are produced for the units de-
nominational order of the decimal accumulator.
Referring to Fig. 2C, it is found that the tubes
representing 2¢ (previously mentioned) and 2%
are conducting. Because 25 represents “32” in
the decimal system of numerical notation, two
impulses will be produced by the units order and
three impulses will be produced by the tens order
of the impulse producer. Referring to Fig. 2B, it
will be seen that the tube representing 27 is con-
ducting, which represents the number “128” in
the decimal system, and consequently, when that
tube’s contact is scanned, a condition will be set
up in the decimal impulse producer ‘whereby eight
impuilses will be produced for the units order, two
impulses will be produced for the tens order, and
one impulse will be produced for the hundreds
order. As the examples given will give a full
understanding of the functioning of the scanning
device and the function of the translating
switches, the remainder of the denominations of
the binary counter will not be explained.

The scanning operation is rapidly performed
step by step, but the decimal denominational im-
pulse producer operates so quickly that the im-
pulses are produced many times more rapidly,
and no interference results between the scanning
operation and the impulse producing operation,
even though the total scanning operation of all
the twelve tubes may occur in less than a second.
The tubes are scanned in order from that tube
representing 2° to that tube representing 31,
Wiper arm 103 (Fig. 3), in making one complete
rotation, contacts 24 contacts, every other one
of sald contacts recelving its potential from one
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of the terminals 14, 18, 16, 11, 18, 19, 80, 81, 82,
83, 84, and 85, a contact in case the assoclated
tube of the binary counter is not conducting
having a potential of approximately 125 volts

positive and having, in case the associated tube

is conducting, a potential of 50 or 35 volts posi-
tive. The intermidate contacts, which are con-
nected to ring conductor 104, are given a poten-
tial by being connected through resistor 108 of
one megohm, point 106, and conductor 107 to
terminal (08, supplied with a potential of 100
volts positive. Point 106 is also connected {o the
screen grid of high-vacuum electron tube 103,
- which may be of the “6Y6G"” type. High-vacuum
triode 110, which may be of the “6SF5” type, is
given a plate potential through point 11t, re-
sistor 112 of 100,000 ohms, and point 113. Point
t13 is grounded through point {14 on one side
and is connected through a resistor 118 of 50,000
ohms, point (16, resistor {17 of 60,000 ohms, and
point 118 to a potentiometer {18, which is ground-
ed on one side to point 120 and connected to a
negative potential supply of 250 volts by con-
nection to terminal 121 on the other side. The
potentiometer is adjusted to give point {16 a
normal negative potential of about 110 volts.
Point 111 will be at ground potential unless
conduction takes place in tube 110, whereupon
point | (| will assume a potential of approximstely
35 volts negative, with the potentials given, as
cathode 122 is at approximately a potential of
50 volts negative, being connected to point (16,
which is connected to grounded point {§3 on one
side through resistor 115 of 50,000 ohms and con-
nected to the 110-volf negative supply through
resistor 111 of 60,000 ochms. With wiper arm
103 normally at g positive potential of from
100 volts to 125 volts positive, with none of the
lower tubes of the binary counter conducting,
depending on which contact it is resting on, which
potential affects grid 123 of triode 118, through
point 124 and resistor 125 of two megohms, point
124, also being connected through resistor 26
‘of one megohm to point 118, which is supplied
with a negative potential of 110 volts, makes the
resultant effective bias on grid 123 approximately
45 volts negative, which is five volts positive, with
respect to the cathode 122, In a tube of this
type, with the potentials given, conduction will
occur, If the grid be rendered negative by at
least several volts with respect to the cathode,
conduction will cease. 'When wiper arm 183
senses g contact corresponding to a conducting
tube in the binary counter, the voltage on grid
123 will become so negative as to cut off conduc-
tion in tube 110, which causes a potential rise
at point t{l, thereby causing the grid of tube
189 to become more positive. This potential rise
at point {1 amounts to approximately 30 volts.
Grid 130, which is at all times at the potential
of plate i3i of tube 110, is at a potential to just
prevent conduction in tube (09 when triode (10
is conducting. Tube 109 is given a plate poten-
tial of 100 volts positive taken through point
132 and has a normal cathode potential of ground
taken through point (4. Point {32 takes its
potential from conductor 138 and point 134,
which obtains its potential through wiper arm
135 and the contacts which said wiper arm wipes
in its rotation. It will be noted that there are
twice as many contacts indicated for wiper arm
135 to pass over as there are connections thereto,
half of said contacts being dead. Each of the
other contacts is connected through an associated
conductor, said conductors being numbered {51 to
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162 inclusive, to terminals 171 to 182 inclusive,
Each of these terminals 111 to 182 inclusive is
connected to and has the positive potential of
associated solenold windings, as will be explained.
Consequently, whenever tube (09 is conducting
and wiper arm 138 Is on a solenoid-representing
contact, current passes through the associated
solenoid, causing operation of an armature and
connected switches. (See Figs. 4A, 4B, 4C, 4D, 4E,
and 4F.) Although the solenoid coils 200 to 211
inclusive, -heretofore referred to, are supplied with
a potential of approximately 100 volts, the poten-
tial drop through the coil, acting as a resistance,
is approximately 50 volts, making the effective
potential on the plate of tube 108 approximately
50 volts.

Terminal 170 (Figs. 3 and 4F) is connected
through a solenoid 212 (Fig. 4F) to a 100-volt
positive potential terminal 108 (Fig. 4A) when
any of the solenoids 200 to 21{ are operated, as.
will be explained, and is connected through con-
ductor 160 (Fig. 3), point 183, capacitor 184 of 4

- microfarads, through wiper arm 184, and the con-
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tacts connected to conductor {85, over conductor
186 to point 132 and the plate of tube 109. There-
fore, as the wiper arm (0! wipes over its asso-
ciated contacts synchronously with the other
wiper arms {35 and 83 of the scanning device,
each time the arm {06 contacts one of the con-
tacts connected with conductor {85 and tube {09
is at the same time conducting, a momentary
surge of current will be caused in conductor 150,
through terminal $7€ and solenoid 2{2 (Fig, 4F)
connected therewith, sajd surge of current lasting
until capacitor 184 (Fig, 3) is charged. The re-
sistance of relay windings 212 and the capacitor
184 are chosen to cause terminal 362 to remain
closed long enough to allow the necessary opera-
tion of the impulse producer. Solenoid 91 (Fig.
3) is timed accordingly. On the alternate con-
tacts, which are connected by conductor 187 and
over which arm 10{ wipes, the capacitor {88 is
discharged through resistor 188 of 300 ohms.
Thus, as the rotary switch makes one complete
scanning operation covering the 24 contacts, and
wiper arm 102 senses a contact representing a
tube in the binary counter that is in a conduct-
ing condition, the solenoid representing a con-
ducting tube will cause the associated translat-
ing switch to be operated.

Capacitor {96 of 16 microfarads is provided for
the purpose of assuring a consiant potential at
point {18 unaffected by any transient conditions
in the potential supply.

It will be observed, referring to Fig. 3 and Figs.
4A to 4F inclusive, that the terminals {71, {72, (13,
14, 115, £76, {77, 178, (18, 180, 6§, and 182 rep-
resent, respectively, 20, 21, 25, 28 22 26 210 2%
28, 23, 27, and 21, which in turn are represented
by solenoids 208, 201, 202, 203, 204, 205, 208, 207,
208, 209, 218, and 211, respectively.

Switch 213 (Fig. 4F) furnishes the potential to
terminal 360 (see also Fig. 5A) for operating the
tubes of the decimal impulse producer, and hence,
to make certain that for a given scanned termi-
nal the intended one of the solenoids 200 to 211
inclusive (Figs. 4A to 4F inclusive), representing
the scanned trigger pair of the binary counter,
is operated during the time the decimal impulse
producer is energized, it is arranged that the deci-
mal impulse producer receive its potential supply
through switch 213 only after the selected one of
the solenoids 200 to 2{{ inclusive has operated,
thus delaying the operation of the impulser until
the translating switching has been accomplished.
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This is shown in Fig. 1 as a delay switch, and it
is turther arranged that the impulse producer is
cut off from its potential supply before the se-
lected one of said solenoids 200 to 2f 1 inclusive is
. deenergized. 'The solenoid coils 200 to 211 inclu-
sive are connected to a common potential supply
line 214, which 1s given a potential of 100 volts
from terminal (08 (Fig. 4A). Each of the said
solenoids operates an armature to which is con-
nected a switch bar to which five switching con-
tacts are attached. Referring to Fig. 4A as an
example, the contacts 220, when closed, connect
the 100-volt supply conductor 2{4 to conductor
221 (Figs. 4A to 4P inclusive), thus causing sole-
noid 212 (Fig. 4F") to be energized,

Referring again to solenoid 200 (Fig. 4A) and
the bar 230, raised by said solenoid when ener-
gized, the four switches 231, 232, 233, and 234
are moved from contacts 238 236, 237, and 238,
respectively, breaking said contacts and making
against contacts 239, 240, 241, and 242, respec-
tively. When this is done, conditions are set up
whereby the decimal impulse unit sends out one
impulse in the units order of the decimal system.
In a similar manner, when solenold 201, repre-
senting 2!, is energized, four contacts are broken
and four contacts are made, setting up a condi-
tion in the differential decimal impulse unit
whereby two impulses, representing 2, are sent
out by the units order of the decimal impulse
producer. In a similar manner, when solenoid
202 (Fig. 4B), representing 2%, is energized, four
contacts are broken and four contacts are made,
setting up a condition in the decimal impulse
producer whereby two impulses are sent out in
the units order of the decimal impulse producer
and three impulses are sent out in the tens order
of the decimal impulse producer to represent the
number “32” in the decimal notation.

Considering again solenoid 200 (Fig. 4A), the
contacts 288 and 239 control the units bank of
the de¢imal impulse producer; the contacts 238
and 248 control the tens bank of the decimal im-
pulse producer; the contacts 237 and 241 control
the hundreds bank of the decimal impulse pro-
ducer; and the contacts 238 and 242 control the
thousands bank of the decimal impulse producer.
The corresponding contacts assoclated with the
other solenoids 281 to 211 respectively, control
the units, tens, hundreds, and thousands banks of
til;e impulse producer as described for solenoid

8.

The decimal impulse producer

Consideration must now be given to the ele-
ments in the decimal impulse producing unit,

which will first be explained functionally.
* Pig. 5A shows the thousands bank of the deci-
mal impulse producer together with the starting
tube 8, which starting tube initiates the opera-
tion of all the banks of the impulse producing
unit. The application of potential to terminal
360 by the closing of switch 213 (see Pig. 4F)
causes the gaseous triode electron tube 8 to fire.
All the digit-representing tubes in the impulse
unit are grid-controlled gaseous triodes, and all
of said tubes, when given anode-cathode poten-
tial ordinarliy sufMicient to cause a discharge, are
normally prevented from firing by reason of a
controlling potential impressed upon their con-
trol grids. The tube 8, however, has less than
controlling potential impressed upon its control
grid for the anode-cathode potential applied
thereto, and consequently a discharge ensues
therein as soon as sald switch 213 is closed. The
gaseous triodes nunmibered, respectively, 288, 281,
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and 2§82 together represent the thousands order
of the decimal impulse unit and individually rep-
resent, in tne decimal notation, “0000,” “1000,”
and “2000,” respectively. In Fig. §B, the hun-
dreds order of the impulse unit, tubes 283, 284,
288, 256, 281, and 288 represent, respectively, in
the decimal notation, ‘“000,” “100,” “200,” “300,”
“400,” and “500.” In Fig. 5C, the tens order of
the impulse unit, the tubes 289, 289, 281, 262,
283, 284, and 268 represent, respectively, in the
decimal notatlon, “00," “10,” llzo’n 1430'" 1140')1
“50,” and “60.” In Fig. 5D, the units order of the
impulse unit, tubes 286, 287, 288, 288, 270, 211,
272, and 213 represent, respectively, in the deci-
mll not&tion, “1," “2,” u3'n u4,u “5." ”6," “7," ﬂnd
“8.” It will be noted that provision is made for
only two significant digits in the thousands bank,
for five significant digits in the hundreds bank,
for six significant digits in the tens bank, and for
eight significant digits in the units bank, be-
cause, as has been stated, in dealing with the
powers of two ranging from 2° through 2!, no
decimal digit higher than 2 in the thousands
order, or higher than 5 in the hundreds urder, or
higher than 8 in the tens order, or higher than 8
in the units order is necessary to represent any
of such powers of two. It is arranged that, if
any one of sald digit-representing tubes in the
different denominational orders (the zero tubes
excepted) are caused to discharge, a potential
impulse is sent through an amplifier electron
tube onto an output conductor, so that, for in-
stance, if the “100,” *“200,” “300,” ard “400,” rep-
resenting tubes 254, 285, 288, and 257 (Fig. 5B),
are caused to discharge one after another in se-
quence, there will be four electric potential im-
pulses impressed in succession upon the output
conductor representing the hundreds bank of the
impulse producer.

The zero tubes are provided for use when it is
necessary to shunt the initiating impulse re-
ceived from the starting tube, or from a tube of
a next higher denominational bank, in case no
impulses in the bank of the zero tube in ques-

5 tion are to be produced, to the next bank in

which an impulse is to be produced. Each zero
tube in firing produces an impulse which starts
the operation of the digit-representing tubes in
its bank or the zero tube of the next lower bank.
If impulses are to be produced in the thousands
bank, the hundreds bank, or the tens bank, then
the last tube to discharge in that bank, said last
tube representing the total number of impulses
to be sent from that bank or representing zero,
causes an impulse to be transferred by means of
the switching unit, shown in PFigs. 4A, 4B, 4C,
4D, 4B, and 4F, to the zero tube of the next lower
denomination to cause it to become conducting.
In case sald next lower denomination is not to
produce any impulses, then the zero tube impulse
is transferred to the zero tube of the next lower
denomination. A mero tube is not provided for
the units denomination, as it would serve no
purpose, no transfer of the starting impulse to
any lower denomination being required. In any
of the decimal numbers representing a power of
two, up to 2!!, there is always a need for im-
pulses to be produced from the units bank, as
none of the decimal numbers representing
powers of two up to 2!! ends in zero. The start-
ing tube 8, the zero tubes, and the digit-repre-
senting tubes of the impulse producer are, as has
been said, gaseous triodes. The gaseous triodes
shown are of the thermionic cathode type, and

78 the potentials used are such as those used on

-
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available commercial tubes representative of the
type. The heater circuits for the cathode fila-
ments have not been shown, and said filaments
are shown conventionally. The electrodes of all
the tubes of the impulse producer are given their
potentials in a manner to be explained in con-
nection with the tubes representing the hundreds
order (Fig. 5B). )

Point 280, connhected to the cathode of tube
284, is connected to a grounded conductor 280,
through a resistor 294 of 25,000 ohms, and is con-
nected in the following manner to a conductor
292 having a negative potential of 110 volts:
from point 280 through resistor 293 of 50,000
ohms, conductor 294, terminal 296 (see also Fig.
4F), switch 298 and contact 299, conductor 300,
terminal 30§ (see Fig. 5B), conductor 303, point
304, and resistor 305 of 50,000 ohms to conductor
292, before mentioned, which gives point 280 and
the cathode of the “100” representing tube a po-
tential of about 22 voits negative.

It will be observed that point 304 is connected
to the grid of the tube representing *“200”
through a resistor 306 of 250,000 ohms. There-
fore, the normal potential of said grid is about
56 volts negative or about 34 volts more negative
than the associated cathode, as the cathode of
the “200” tube gets its potential of 22 volts neg-
ative through point 318 in a manner similar to
that just described for point 280, assuring a con-
trolling bias to prevent a discharge under normal
conditions. The anodes are given a potential
of 160 volts positive by being directly connected
to conductor 307 supplied with that potential
through point 376 (see Fig. 5A). It should be
noted that between the anode of the zero tube
and the anode supply conductor there is a re-
sistor -308 of 5,000 ohms to prevent oscillation
in the zero tube which might be caused by the
capacitor 446 of .00025 microfarad coupling the
cathode to ground, which gives rise to a high
initial current.

If a discharge occurs in tube 254, point 280
will rise in potential to about 145 volts positive,
which rise in potential will be impressed upon
point 304 by way of resistor 292, conductor 294,
terminal 296 (see Fig. 4B, conductor 297, switch
298, contact 299, conductor 300, terminal 301 (see
Fig. 5B), and conductor 303 to said point 304.
The potential rise at point 304 will be sufficiently

great to cause the control grid of the fube 255

to lose control, causing tube 255 to fire and he-
come conducting, which discharge causes a po-
tential rise at point 310, whicl. potential rise is
impressed on point 34 through resistor 308 by
means of conductor 309, terminal 318 (see also
Fig. 4E), conductor 319, switch 324, contact 321,
conductor 328, terminal 330 (see Fig. 5B), and
conductor 336 to point 3if to fire and render
conducting the *“300” tube 256 unless the cor-
responding solenoid 208 (Fig. 4E) is operated.
To return to the discussion of point 280 (Fig.
5B), representing the cathode of tube 254, if the
point 280 is disconnected by reason of the move-
ment of switch 298 from contact 299 (Fig. 4F),
then the “200” tube 25% (Fig, 5B) will not have
its grid raised to cause it to fire, but the rise in
potential of point 280 will be transferred by
means of moved switch 298 (Fig. 4F) to contact
312, and by that means through conductors 331
and 313 (see also Figs, 4A, 4B, 4C, 4D, and 4E),
terminal 314 (see Fig. 5C), and conductor 316
to point 317, which leads to the grid of the zero
tube of the tens bank of the decimal impulse
producer, causing said zero tube to fire. There-
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fore, it is seen that, it switch 208 (Fig. 4B . is
moved from contact 289 to contact 312, which is
the case if solenoid 210 s energized, sald solenoid
representing 27, then, upon the firing of the tube
284 (Fig. 5B) in the hundreds bank, representing
*“100,” the positive potential surge caused at point
280 will be transferred to the zero tube of the
tens denominational order instead of to the “200”
tube of the hundreds denominational order. If
2" is expressed as a decimal number, it is found
that said number is ““128,” which means that
there is one impulse to be produced in the hun-
dreds order, which will have been accomplished
by the firing of the tube representing “100,” the
initiating impulse thereupon being transferred to
the next lower-denominational order, which is
the tens bank, as has been described.

As there is no need for stopping the sequen-
tial action in the hundreds bank immediately
after the “300” tube or the “400” tube fires, and
consequently there being no need to route the
firing impulse at that time to the next lower
denominational bank, no routing of the positive
potential cathode impulse through the switching
units of the circuit, shown in Figs. 4A to 4F, is
necessary, because, following the firing of any
one of the tubes just named, it is necessary to
fire the next tube in jts own bank, and there-
fore, as is represented by the connection be-
tween point 320 and point 321 (Fig. 5B), the
positive rise in potential at point 320 is trans-
ferred directly to point 32 without going through
the switching unit, and the resistors 322 and 3283,
connecting point 320 with conductor 292, main-
tain the proper potential for the cathode of the
“300” tube 256. The change in potential of each
point like point 280 is, in addition to its use in
firing ‘the next tube, conveyed through an as-
sociated capacitor, like capacitor 325, of .02
microfarad, to a common output conductor 326
for the denominational bank, which, as will be
explained, is coupled to the grid of an amplifier
tube 503 so as to create one amplified impulse
on the input line to the decimal impulse ac-
cumulator unit representing the hundreds order
for each positive potential impulse produced in
conductor 326. All of the digit-representing
cathodes of a denomination of the impulse pro-
ducer being connected in parallel by capacitors
such as capacitor 325 and a conductor such as
conductor 326, it is apparent that, if a tube such
as tube 254 is conducting and thereafter the next
tube 255 becomes conducting, the rise in potential
of point 310 will be conveyed through capacitor
329, conductor 326, and capacitor 325 to point
280, which point and the cathode associated
therewith, at that time being within about 15
volts of the potential of the anode of tube 254,
temporarily cause the cathode to become more
positive than the associaied anode, which ex-
tinguishes the tube 254. In this manner, the
digit tubes in each bank, as far as they are
operated, operate one at a time in sequence. The
zero tubes in the banks, however, are coupled
through a capacitor, like capacitor 446, to ground
instead of to a conductor like conductor 326 and

‘hence are mnot extinguished but continue con-

ducting until the operation is completed. The
fact that the zero tubes remain conducting pre-
vents the initiating of any anomalous operation
of the corresponding one of the banks of impulse-
producing tubes, which condition might occur due
to transient potentials such as are caused by the
chattering of switches. Introduction of a re-
sistor, like resistor 407 (Fig. 5A), of 5,000 ohms.
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into the anode supply line, if common to adjacent
banks, will cause the extinguishing of the last
conducting tube in a bank by reason of the zero

tube of the next benk becoming conducting, as’

such act of conduction causes a potential drop
of the anodes, bringing the anode of the last
conducting tube below the potential of the as-
sociated cathode, because the charging of the
cathode capacitor of the firing tube holds that
cathode temporarily at or near ground potential,
and the cathode of the last conducting tube is
held above ground potential by the charge on its
cathode capacitor,

It is not necessary to follow the switching cir-
cuit for translating each possible condition, but,
as the scanning wiper arms have been shown as
stopping on the contacts representing 2¢ or, as
expressed in the decimal system, “16,” and as
this operates solenoid 207, whose armature is
shown in raised position, that switching circuit
will be followed to show how the number “16” is
produced in terms of impulses in the decimal
notation and to explain the switching system as a
whole. ,

As the solenoid 207 (Fig. 4D) is energized, the
operating bar 380 is ralsed, operating switches
354, 352, 353, 354, and 385. Switch 351 in its
lower position rests against a dead contact and
in its upper position rests against contact 356,
which, as has been explained before, has a posi-
tive potential of 100 volts, being connected to
conductor 214, which potential is transferred
through switch 35! and conductor 221 to operate
solenoid 212 (Fig. 4F), which closes switch 213
and transmits 160 volts positive potential from
terminal 357 to conductor 358 and terminal 360
(PFig. 5A) to supply anode operating potential to
the starting tube S and to all the zero and digit-
representing tubes in the decimal impulse-pro-
ducing unit.

From terminal 380 (Fig. 5A) the anode of the
starting tube S is supplied with potential through
resistor 362 of 300 ohms, points 364, 365, 366, and
resistor 867 of 250,000 ohms. At point 368, the
anode of the S tube is coupled through a capaci-
tor 369 of .00025 microfarad and a resistor 370 of
5,000 ohms to point 385. The potential of the
grid of the S tube is the potential of point 37Tf,
which is connected through point 363, through
a resistor 372 of 250,000 ohms, to the terminal
380, and is connected to a negative 110-volt po-
tential terminal through a resistor 313 of 250,000
ohms. The cathode of the 8 tube is given a po-
tential of about 22 volts negative by being con-
nected to ground through resistor 398 of 75,000
ohms and being connected to the 110-volt nega-
tive terminal through resistor 381 of 300,000 ohms.
Before the application of potential to terminal
380, point 371 is highly negative with respect to
the cathode, but on the application of potential
to terminal 300, point 371 becomes positive enough
to cause a discharge in tube S after capacitor
314 of .001 microfarad has become charged, this
capacitor being provided to delay the operation
of the starting tube S untll the mechanical

" switching has been completed and all the. tubes
in the impulse-producing unit are ready to be-
come conducting. The path from point 385
through resistor 370 and. capacitor 369 to the
anode of the 8 tube provides a preliminary dis-
charge current of relatively high amperage, which,
as soon as capacitor 369 is charged, is reduced
to a very small amperage by reason of resistor
381, which is, as has been stated, of 250,000 ohms’
value. This initial high current upon tube S
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becoming conducting causes a sharp rise in po-
tential at point 380 due to the combined effect of
the 300,000-ohm resistor 38! connecting said
cathode to the negative 110-volt supply conductor
and of the resistor 399 connecting point 380 to
ground. Said rise in potential of point 388 is
impressed through capacitor 382 of .00005 micro-
farad to point 383, which point is connected
through a 50,000-ohm resistor 384 to the grid of
the zero tube 250 of the thousands decimal order
bank. The zero tube 280 obtains its anode po-
tential from point 390 through resistor 381 of
5,000 ohms, and its cathode potential is obtaired
through point 392, which, when no thousands
decimal impulses are required, is connected on

‘one side through resistor 388 of 50,000 ohms, con-

ductor 384, terminal 396 (see Fig. 4A), conductor
391, through switch 234 and contact 238, and the
lower contacts of the bottom switches of the
solenoids 2!, 25 (see Fig. 4B), 2? (see Fig. 4C),
22, 28, and the upper contact 385 (Fig. 4D) of
switch 355 associated with solenoid 2%, through
conductor 450 to terminal 452 (see Figs. 4A and
5B), conductor 453, point 41!, and resistor 412
of 50,000 ochms to the negative 110-volt terminal,
and is connected on the other side of point 392
(Fig. 5A) through resistor 406 of 25,000 ohms to
ground. Point 392 is coupled to ground through
capacitor 408 of .02 microfarad.

It is apparent that, when the bottom switch on
any of the solenoids below 20 in value is moved
upwardly, point 392 (Pig. 5A) is connected to
point 411 (Fig. 5B), and, on the other handg, if
none of said switches of solenoids below 210 is
moved upwardly, point 392 (Fig. 5A) is connected
to point 410, as will be described: from point 392,
through resistor 393, conductor 394, terminal 386
(see Fig. 4A), through the lower contacts of the
bottom switches of solenoids 29, 21, 25 (see Fig.
4B), 28 2? (see Fig. 4C), 2¢, 24 (for example, if
on the bottom contact contrary to the position
shown in Fig. 4D), 28 (see Fig. 4B), 23, 27 (see Fig.
4F), terminal 458 (see Fig. 5A), conductor 486,
point 410 connected through resistor 42%a of
50,000 ohms to the negative 110-volt terminal.

As the “0000” tube 250 fires and becomes con-
ducting on account of the impulse impressed on
its grid through the operation of the S tube, its
anode potential drops sharply as capacitor 408
charges, due to resistors 382, 407, and 391, resistor
362 being of 300 ohms, resistor 40T being of 5,000
ohms, and resistor 391 being of 5,000 ohms. As
capacitor 408 becomes fully charged, the resistors
in the cathode supply of tube 250 causes point
410 (or point 411, Fig. 5B) to become more posi-
tive. With neither of the solenoids 21 or 21
operating, the rise in potential of point 392 (PFig.
5A) appears at point 411 (Fig. 5B) and causes

"the “000” tube 253 to fire and become conducting.

Operation of any of the solenoid switches ex-
cept 219 and 2!! connects the bottom switch to the
common conductor 450 (see Figs. 4A to 4F), which
transfers the cathode impulse to the next lower
bank of the impulse producer.

The bottom switch 421 (Fig. 4F), operated by
solenoid 21, is in contact with a dead contact 422
and is connected through terminal 883 to the
cathode of the “2000” tube 282 (Fig. 5A), and,
when in contact with the upper contact 428 (Fig.
4F, it connects terminal 803, representing the
cathode of the “2000” tube, to common conductor
480 leading through point #1i (Pig. 5B) to the

~ grid of the zero tube 263 of the hundreds bank.

76

Switch 398 (Fig. 4D) is connected to the cath-
ode of the “1000” tube through terminal 388 (see
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Fig. 5A) and, when on the lower contact 388 (Fig. .

~4D), is connected by conductor 400, terminal 404
(see. Fig, 5A), and conductor 403 to point 404
leading to the grid of the “2000” tube 252, When

switch 398 (Fig. 4D) is on its upper contact 431,

it is connected to the common conductor 450
leading to the grid of the “000” tube of the hun-

~of terminal 314,

dreds order. ‘Therefore, on operation of solenoid -

210, representing “1024” in the decimal notation,
the initiating impulse from the cathode of the
“1000” tube is-transferred to the next lower bank
after the “1000” -tube has fired, as only one im-
pulse Is required in the thousands bank to rep-
-resent 219, On operation of solenoid 2!, repre-
. senting “2048” in the decimal notation, the “1000”
tube’s firing causes the “2000” tube to fire by
reason of the routing of the initiating cathode
impulse through contact 388 (Fig. 4D) to the
grid of the “2000” tube, as has been explained.
" Under the circumstances of either solenoid 286
(Fig. 4D), representing 2'¢, or solenoid 2! (Fig.

4F), representing 2!, being operated, it being

understood that but one solenoid Is operated at &
time, impulses are required to he produced in the
thousands bank of the impulse producer, and the
rise in potential of point 392 (Fig. 5A), as has just

been explained, effects a rise in potential of point

4i0, causing tube 25! to become conducting.
When solenoid 20 is operated, the potential rise
of the cathode of the “0000” tube is routed to the
*“1000” tube by terminal 455 (Fig. 4F).

Because, in the example to be followed, the
solenoid 207 (Fig. 4D) has been operated and
because switch 355 (Fig. 4D) is connected to com-
mon conductor 458 (Figs. 44, 4B, 4C, and 4D), the
rise in potential of the cathode of the “0000”
tube as it fires will be impressed on conductor 459,
terminal 452 (see Fig. 5B), conductor 453 to point
411, which is connected to the “000” tube of the
hundreds benk, starting an operation in that
bank by firing the zero tube. ‘

As the cathode of the hundreds zero tube 253
rises in potential upon firing, due to the resist-
ance in its cathode supply circuit, such positive
impulse is routed as follows: point 432, resistor
433 of 50,000 -ohms, conductor 434, terminal 435
(see Fig. 4A), switch 233, contact 237, conductor
243, switch-244, contact 245, conductor 246 (see
Fig.-4B), switch 241, contact 248, conductor 249
(see Fig. 4C), switch 250, contact 274, conductor
275, switch 276, contact 217, conductor 278 (see
Fig. 4D), switch 279, contact 281, conductor 282,
switch 354, contact 283, conductor 284, common
conductor 313, terminal 314 (see Figs, 44, 4B, 4C,
and 5C), conductor 316 to point 317 connected
to the grid of the “00” tube 259 of the tens bank
of the decimal -impulse producer, which will fire
the zerc tube of the tens bank immediately after
the zero tube of the hundreds bank has fired by
reason of switch 354 (Fig. 4D) having been raised
so asto transfer the cathode impulse of the “000”
tube of the hundreds bank to common conductor
313 leading, as just explained, to the grid of the
“00” tube grid of the tens bank.

It is-apparent that, if any one of the solenoids
27, 2%, or ‘29 be operated, the initiating impulse
from- the “000” tube 258 (Fig. 5B) will be con-
nected through switch 430 (Fig. 4F), contact 429,
terminnal 428 (see Fig. 5B), and conductor 426
to point 4271 leading to.the grid of the “100” tube
254, as in such case impulses from the hundreds
bank need to be produced. There is one impulse
needed from the hundreds bank when the 27
solenoid is operated, as 27 ig “128” in the decimal
system. Consequently, point 280 (Fig. 5B) is
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connected through resistor 293, conductor 294,

terminal 296 (see Fig. 4%, conductor 297, switch
298, contact 312, and conductor 831 to the com-
mon conductor 3{3 leading to the “00” tube of the
tens order of the decimal impulse producer by way
When solenold 28 is operated,
representing “256” in the decimal system, then
two impulses are necessary to be produced in the
hundreds order, and point 280 (¥ig. 5B) i{s con-
nected through terminal 296 (see Fig. 4F), switch -
298, contact 293, conductor 308, terminal 301
(see Fig, 5B), conductor 303 to point 304 to fire
the “200” tube 255, whose cathode rise in poten-
tial is routed from point 310, conductor 309, ter-
minal 3{8 (see Fig. 4E), conductor 319, switch
324, contact 341, and conductor 342 to common
conductor 3{2 leading to the zerc tube of the tens
bank of the impulse producer.

The operation of the “300” tube is by means
of switch 32& (Fig. 4E), contact 827, conductor
328, terminal 388 (see Fig. 6B), to point 3i{. The
connection of peint 320 to 32{ and from point 343
to 344 is direct, as 2° requires five impulses in the
hundreds bank. The cathode rizse of “500* tube
258 is conveyed irom poini 345 through resistor

345, conductor 347, ferminsl 348 (see Fig. 4B),

to switch 349, which normaelly rests on dead con-
tact 861 but which, when operated, connectg said
switch 348 through contact 387 and conducior
1388 to the common conductor 313 angd then to
the terminal 314 gnd point 317 (Figs. 44 and.5C).

The cathode rise in potential of the zero tube
259 (Fig. 5C) of the tens bank is impressed on
the grid of the tube representing “10”—that is,
tube 260—by the following route: from point 4580
(Fig. 5C), conductor 481, terminal 462 (see Fig.
4A), conductor 4864, switch 2232, contact 236,
switch 527, contact 528, conductor 564 (see Figs.
4B and 4C), switch 528, contact §36, conductor
565 (see Figs, 4D and 4E), switch 534, coniact
532, terminsal 367 (see Fig. 5C), and conductor
468 to point 468 connected to the grid of said
“10” tube 260.

It will be ohserved that 20, 21; 22, and 23 are the
only powers of 2 up t0 21! which have no tens
decimal digits, and therefore, if one of the sole~-
nolds 29, 21, 22 or 23 is operated (Figs. 4A {o 4F),
the one of switches corresponding to switch 232,
§27, 528, and 531 is shifted to the upper contact,
which routes the rise in potential of the cathode
of the “000” tube to common conductor 4885, ter-

_ minal 533 (see Figs. 44 and 5D), conductor 476,
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to point 811 leading ito the “1” fube 268 of the
tens bank, starting an operation in that bank.
There being a units digit in every decimal num-
ber representing 2° up to 211, there is no need for
a zero tube in the units bank.

As in the higher banks, the rise in cathode po-
tential is routed to one of two places, either to
the grid of the next higher digit tube in the bank
or to the first tube of the nexi lower bank, and, if
there be no next lower bank, as is the case with
the units order, then the impulse is dissipated
onto a source of negative potential.

In the supposed example, where the 2¢ solenoid
has been operated (Fig. 4D), the route of the fir-
ing impulse will be followed from the cathode of
the zero tens tube: point 460 (Fig. 5C), conductor
461, terminal 462 (see also Fig. 4A), conductor
464, switch 232, contact 238, switch 527, contact
528, conductor 564 (Figs. 4B and 4C), switch 529
(Fig. 4C), contact 530, conductor 565, switch 531
(Fig. 4B), contact 532, terminal 467 (see Fig. 5C),
conductor 468, point 469 to the grid of the “10”
tube 260, which fires and causes a cathode po-
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tential rise at point 410, through conductor 41,
terminal 413 (see Fig. 4B), conductor 414, switch
331, contact 332, conductor 338 (Figs. 4C and 4D),
raised switch 383 (Fig. 4D), contact 334, conductor
338 to common conductor 466 leading to the grid
of the first tube in the units bank, as has been
described. Thus, one digit tube has been fired in
the tens bank representing the tens digit in the
decimal number “16,” which represents 24 power
being considered. The connections of the other
terminals of the tens bank of the impulse pro-
ducer will be given reference numbers so that
they may be traced through the switches, as it is
believed to be superfluous to describe each route
after the principle of operation has been shown.

Referring to Fig, 5D, terminal 533 receives il
firing impulse from common conductor 485 (see
Pig. 4A), which impulse is carried over conducior
478 to point 477 leading to the grid of the “1”
tube 286, firing it, Upon the rise in its cathode
potential at point 418, the firing impulse is routed
over conductor 420, terminal 488 (see Flg. 4A),
conductor 482, switch 281, contact 23§, conductor
483 to terminal 484 (see Fig, 5D, over conductor

488 to point 4871 leading to the grid of the “2” zp

tube 267, firing it. Upon the poteniial rise al
point 488, the Impulse is carried gver conductor
438, terminal 491 (see Fig. 44), conductor 482,
switch 483, contact 441, conductor 442 (zee Fig.
4B), switch 463, contact #43, conductor &4§,
switch 495, contact #45, conductor 438, terminal
487 (see Plg. 5D), conductor 488 to point 700
leading to the grid of the “3” tube, whick, upon
firing, causes a potential rise at point 104, which
is conveyed directly to point 703 leading to the
grid of the “4” tube 269, there being no “3” digit
in the units order of the decimal numbers repre-
senting 2° to 21 inclusive. When tube 269 fires,
s rise in potential occurs at point 704, which rise
is conveyed by conductor 108, through terminal
507 (see Fig. 4C), conductor 508, switch 688, con-
tact 534, conductor 536, switch 518, contact 58%,
conductor 881 (see Pig. 4D), switch 811, contact
512, terminal 613 (see Fig. 5D), conductor 61§, t¢
point 616, firing the “5” tube 2106, which causes &
potential rise at point 118, which is conveyed di-
rectly to point 518 through resistor 541, there be-
ing no “5” digit in the units order of numbers
represented by 2° to 21! inclusive. As the “6” tube
fires, the rise in cathode potential at point 518 is
conveyed over conductor 520, terminal 522 (see
Fig. 4D), conductor 523, switch 352, confact 582,
conductor §36 to common conductor 537 (see Figs.
4A, 4B, and 4C) to terminal 525 (see PFig. 5D,
and through resistor 538 of 50,000 ohms to the
negative 110-volt supply conductor, where the
potential rise is dissipated.

Terminal 522 (Figs. 5D and 4D), connected to
switch 362 (Fig. 4D), when in contact with the
lower contact 540, conveys the rise in potential
of the cathode of the “86” tube 21{ (Fig. 5D) by
means of conductor 641 (see also Fig. 4E), switch
542, contact 8§43, conductor 544, terminal 414 (see
" Pig. 5D), and conductor 545 to the grid of the “7”
tube 272, firing it and the “8” tube 213 by direct
connection between the cathode of the “7"” tube
and the grid of the “8” tube. The cathode of
the “8” tube, being the last tube in the impulser
series, has an extra resistor 846 of 50,000 ohms
in its connection to the negative 110-volt con-
ductor to provide proper cathode potential, which
resistor in the cathode supply of the other tubes
is found in connection with the grid supply of
the next tube.

It will thus be seen that these switching cir-
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cuits are so arranged that when any solenoid of
the solenoids 200 to 2i1 inclusive (Figs. 4A to
4%) is operated, the decimal equivalent of the
particular power of “2" represented by the op-
erated solenold is set up by denominations in
the forra of impulses equaling in number the
digital values of the decimal notation of that
number. Each of the produced impulses is am-
plifie¢ by means which will next be described
in connection with one of the denominational
units of the impulse producer {o show by whal
method the produced impulses are transmitied
to the declmal accumulator.

It will be apparent that, because the thousands,
the hundreds, the ftens, and the units impulses
are produced in the order named, the highest
denominational digit of the decimal number will
be entered inte the accumulator befors the next
Jowest order, and so on; and that when the ac-
cumulator is discussed it further will become
apparent that any denominational carry-over or
itransfer in the accumulater from a lower ordsr
t0 & higher denominational order will not inter-
fere with the entry of any data in the said higher

Amplifler jor decimal impuises

Ezch impulse cutpud conductor for o bank of
the impulse unit—for Instance, conducior ¥If
(Fig. 58, the oubput conductor for the hundreds
bank-—is coupled through a capacitor, e ca-
pacitor B00 cf .00008 microfarad, through & point
like point 50, and through a resistor, like resistor
502 of 100,000 ohms, to the grid of o gas triode
503, which grid is biased with a negative poten-
tial of approximately 371 volts by being cor-
nected through point 50!, resistor 1528 of 75,000
ohms, and resistor 53T of 39,000 ohms to the
negative 110-volt supply conductor 23%, and be-
ing connected from poini 526 through resistor
508 of 25,000 ohms to ground. The anode of
amplifler tube 503 is given a positive potential
of approximately 80 volts by being connected to
supply terminal 570. The cathods of tube 583
is given a negative potential of approximately
27% volts by being connected through point 504
and resistor 508 of 75,000 ohms to the negative
110-volt supply conductor and by heing connected
through point 584 and resistor 503 of 25,000 ohms
to ground., Under these circumstances, the bias
on the control grid is sufficient to keep the tube
from conducting except when & positive poten-
tial impulse Is impressed on point 5&{ by reason
of the discharge of one of the hundreds digit
tubes, which renders the grid of tube 503 more
positive and causes a discharge therein. The
cathode of tube 503 receives a sharp rise in po-
tential upon conduction commencing therein,
which is of a magnitude of neariy 100 volts, which
rise in potential is impressed upon terminal 686.
Termina] 606 is connected to the input bank of
the hundreds order of the decimal accumulator,
to be described. The high initial current through
tube B03, caused by the charging of capacitor
800 (Fig. 6B), to which the cathode of tube 503
is connected through terminal 606, is reduced
abruptly as capacitor 900 becomes charged; and
the dynamic coupling of the anode and cathode
of the tube by both being electrostatically con-
nected to ground, the cathode being coupled to
ground through the capacitor 880 as mentioned,
and the distributed inductance in the wiring,
cause & momentary cessation of current between
the anode and the cathode, during which the grid
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recovers control.
cuits are known in the electronic art.

Each of the denominational banks of the .m-
pulse producer has its own amplilying tube, as
Just described in connection with the hundreds
bank of the impulse unit; however, such tube is
not necessary for chtaining an accumulation of
the impulses, but Is merely used as an expedient

whereby the produced impulses may be amplified-

for transmission to the accumulator.
The decimal accumulator

In Figs. 6A, 6B, 6C, and 6D are shown the
units, tens, hundreds, and thousands banks, re-
spectively, of the decimal notation accumulator.
The input terminals from the impulse producer,
which are numbered 601, §03, 608, and 607, (see
also Figs, 5A, 5B, 5C, and 5D) represent the im-
puise conductors to the units bank, the tens bank,
the hundreds bank, and the thousands bank, re-
spectively. ‘

Bach of the accumulator banks representing
the denominationsl orders of the decimsal system
has ten tubes, representing the digits of a de-
nomination of the decimal notation; namely, 9,
1,2,3,4,5,6,7,8 and 5. . BEach of the units, tens,
and hundreds banks, in addition to the digit-
vepresenting tubes, has a denominations} carry-
over transfer tube T. The digit tubes in the bank
are coupled in an endless operating chain where-
by but one tube is conducting at any one time,
and whereby an impulse causes a conducting tube
to be extinguished and the next tube In the
sequence to become conducting, thereby causing
a step of operation in the endiess chain and in-
dicating an entry of a unit of data. Just as in
any numerical accumulator, upon completion of
the entry of a full number of impulses into a de-~
nomination, the accumulation commences again
at zero, and a transfer of one unit is made to the
next higher denominational order, this being
called a “denominational transfer of carry-over
data.” Speclal means is provided whereby, when
the tube representing the highest number in the
denomination is changed from a conducting con-
dition to & non-conducting condifion upon the
receipt of a potential impulse, the “transfer tube”
will be rendered conductive temyporarily and cause
an impulse to be produced and conveyed to the
next higher bank of the accumulator. Such s
transfer tube is not shown for the thousands or-
der, as there is no higher denomination to trans-
fer to, the capacity of {he accumulator in the
disclosed embodiment of the invention being 9999,

The tubes are of the gaseous triode type here-
tofore described as the tubes used in the im-
pulse-producing unit. Referring to Fig. 6C, the
hundreds bank, as an example, the anodes are
supplied by a conductor 611 given a positive po-
tential through fthe terminal 609, resistor 612 of
200 ohms, point 613, point 614, and resistor 645
of 10,000 ohms. At point 614, the anode supply
conductor is connected through resistor 616 of
10,000 ohms, point 617, point 618, and resistor
619 of 10,000 ohms to ground, making & total of
about 118 volts anode potential for the digit-
representing tubes. It will be noted that the
anode of the transfer tube is connected to point
614 through resistor §18 of 10,000 chms, making
its anode potential about 60 volts positive. Each
of the cathodes is connected to a point like point
810 (representing the cathode of the “800” tube),
and each point like point 610 is connected on
one side to ground through a resistor like resistor
620 of 25,000 ohms, and on the other side to the

Such self-extinguishing cir-
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negative 190-volt conductor 62! through a re-
sistor like resistor 622 of 60,000 ochms and resis-
tor 623 of 50,000 ohms, which gives each cathode
an effective potential of approximately 35 volts
negative. Each cathode is connected through a
resistor like resistor 622, already mentioned, a
point like point 624, a resistor like resistor 625
of 160,000 ohims, a point like point 628, & resistor
like resistor 627 of 50,000 ohms, to the grid of
the tube next higher in the denominational se-
quential order. Xach grid is connected at a
point like point 626 through resistor 625, point
624, and g resistor like resistor 623, to the nega-
tive potential supply conductor 62{, giving a po-
tential bias to the grid of the tube representing
“900,” of approximately 120 volts negative. Each
cathode is connected from a point like point 628,
through a coupling capacitor, like capacitor 52¢
of .002 microfarad, to a common conductor 638,
which conductor follows the potential changes of
the cathodes coupled thereto and consequently
is given g positive potential impulse upon any
tube of the denomination firing and becoming
conducting, which impulse is impressed through
all the other capacitors of the digit-represent-
ing tubes, causing the cathode of any then con-
ducting tube to become extinguished, as any con-
ducting tube has an interna) potential difference
between the electrodes of approximately only 15
volts, and the potential positive surge impressed
upon conductor 830 is of the order of several
times that, thus bringing the cathode of any con~
ducting tube to » potential where it is more pos-
itive than the anode, thus extinguishing the tube
and allowing the grid to regain control.

As a tuhe is conducting, its cathode is raised
in potential, thus raising the potential of points
like point 628, point 524, point 626, and the grid
of the succeeding tube to a point just negative
enough in potential to the cathode to prevent
conduction in the “900” tube. In this manner,
the tube succeeding next in the series to a con-
ducting tube has its grid primed, and, if an im-

-pulse of positive potential is impressed on ter-

minal 606 and consequently impressed through
all the capacitors corresponding to capacitor
632 of .00005 microfarad, the grids of all the
tubes will be made more positive, but the con-
trolling bias on the non-conducting tubes that
are not next adjacent in the sequence in' the
higher direction from the conducting -tube will
not be made more positive than the critical
point so as to cause the associated tube to fire,
whereas the primed grid will be made more pos-
itive than the critical point and such tube will fire,
extinguishing the last conducting tube, thus caus-
ing each empulse impressed on terminal 608 to
cause & step of operation in the ring of digit tubes.
It is arranged thaf, when the “900” tube is con-
ducting, not only will it prime the zero tube by
way of point 633, resistor 634, point 635, con-
ductor 636, resistor 637, point 638, resistor 639
and onto the grid of the zero tube, but it will
also prime the grid of the transfer tube T by
way of point 633, resistor 64{, of 120,000 ohms,
point 642, resistor 643 of 100,000 ohms, point 644,
and resistor 645 of 50,000 chms and onto the grid
of the said transfer tube, causing it to fire with
the zero tube on the next commonly received im-
pulse. The transfer tube is arranged to be self-
extinguishing in the manner heretofore men-
tioned in connection with the amplifier tubes,
and, upon conducting, it extinguishes itself au-
tomatically by reason of its anode-cathode cou-
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pling to ground through capacitors 684 a.nd 665,
respectively.

The potentlal rise of point 810 is conveyed
through point 671 and conductor €12, terminal
8071 (see Fig. 6D) to the thousands input con-
ductor, causing an entry of one unit in the thou-
sands bank.

As the Input impulse conductor to the uniis
bank of the accumulator (Fig. 6A) is not coupled
to ground through a capacitor by being cornect-
ed to the cathode of the transfer tube of a pre-
ceding bank, such capacitance is provided by
capacitor 1601 of the same value as the cathcde
capacitors of the transfer tubes, thus balancing
the units input circuit.

Reference is made to the application for United
States Letters Patent of Rober{i E. Mumma, So-
rial No. 396,505, filed June 4, 1941, for & complaete
description of the structure and operation of the
accumulator just described.

Capacitor 815 (Fig. 6C) of .1 microfarad, in
conjunction with resistor 8i2 of 300 ohms, pre-
vents too sudden an application of snode supplf
potential to the anode supply circuit,

The structure and means described for receiv-
ing impulses at high speed by meang of a counter
operating on the binary system of numerical no-
tation and composed cf pairs of trigger connecte
tubes, and for translating the dats from the
nary system to the decimal system of nume
notation, can be indefinitely extended, as will
apparent from what has been described. Ths It~
vention is not to be deemed limited by the type
of tubes used, by any of the circuif element values,
by the type of relays or means for communicating
impulses from one unit of the combination to an-
other unit of the combination, or by the type of
accumulator used, as the principal feature of nov~
elty of the invention lies in the reception of im-
pulses at high speed which are stored pending the
translation and accumulation of the data into the
decimal system of numerical notation.

The principle of the invention, moreover, is not
restricted to electronic means ior accumulating
in the binary system and translating to the deci-
mal system of numerical notation, as either onse
element or the other element—that is, the receiv-
ing binary storage means or the accumulating
decimal means—may be of an electronic nature
or not, it being conceivable that the impulse pro-
ducer, for instance, might operate a mechanicail
or semi-mechanical storage device or accumula-
tor. On the other hand, the invention is capable
of reading previously stored data from a binary
accumulator of mechanical nature and translat-
ing the same electronically into an electronic ac-
cumulator.

While the mechanism and circuits shown and
described herein are admirably adapted to fulfill
the objects primarily stated, it is to be under-
stood that it is not intended to confine the inven-
tion to the one form or embodiment disclosed, for
it is susceptible of embodiment in various forms
all coming within the scope of the claims which
follow.

What is claimed is:

1. In combination, an accumulator of numeri-
cal data including denominational rings of elec-
tron tubes, the rings being coupled to be operated
sequentially, one at a time, and the tubes in a
ring being coupled so as to be operative one at
a time in sequence, in response to each of electric
impulses recelived commonly by the tubes repre-
senting & denomination; an electric impulse pro-
ducer consisting of denominationa] groups of
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< tion, whereln the condition of conductio
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electron tubes, the tubes of each group operable
sequentially one at a time for a selected number
of operations so as to produce a certain number
of impulses for the assoclated denomination of
the accumulator; a second electronic counter of
riumerica)l data consisting ¢f & series of denomi-
national groups of electron tubes, the denominga-
tions being operable seguentialiy, itiie member
tubes of the group comprising the denomination
being operable sequentially in response to ele
impulses entered into the lowest dencmi um.
order of the series; meanz to scan il
tlons in said second counter to detern
or not there is data registered in a
ned denominations; s member @
each denomination of the seco
erated when the scanning «

ing In each group
order of tha lmpi
trolling the extent to w
responding deuo
dueer sihall be uuem
of operation in eac

producer re
0*‘ bh1‘ firsh oo

iron i.uh«u Lh@ y
ina triggeh circuit so mm o
tube of a trigger pair is conduc
time and the other tube of the iri -
perforce non-conducting at the sams L

ing a denomination; means connecting the
ger pairs in a series operative chain so thad fwe
changes in the mode of gperation of one trigner
pair will cause a change in the mode of operaf
of the trigger pair next in series, sald series ¢
trigger pairs constituting an electronic co
based on the binary system of mumerical

tube of the palr indiceates & registration
in that denomination; means io scan the
of one of the tubes of each pair to del
which of {he scanned fubes is in & ¢
condition; a switching unit for each «
tional palr of trigger-connected tubes, the nssc
clated switching unit being operated by the scan-
ning means if said pair is in the mode of operp~
tion indicating a registration of data; an electron-
ic impulse producer divi:died into sections repre-
senting the denominational orders in th2 decimal
system of numerical notation; mesans opereizsd
by the switches for controiling the deeimal im-
pulse producer to produce impulses in the denom-
inational orders of the decimal sysiem so0 as to
translate the registered data ints the decimal
notation; and an accumulator of numerical ata
operated by electric impulses, said accumulator
having sections, each of which represents a de-
nomination of the decimal sysiem and which is
independently actuated by the corresponding sec-
tion of the impulse producer.

3. In combination, a producer of electric im-
pulses including a plurality of series of digit-
representing electron tubes, the operation of a
tube producing an impulse, each series represent-~
ing a denominational order of a denominational
numerical notation other than the binary numer-
ical notation; and a plurality of multiple switches,
each multiple switch differentially controlling a
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selected one or more of the series of tubes in
the impulse producer so as to determine how
- many tubes in such series shall be operative, a

- multiple switch representing a number which is

a power of two and controlling the impulse pro-
ducer so as to translate said number into denom-
inational impulses of the particular numerical
notation represented by said impulse producer.
4. An electronic impulse producer consisting of
a plurality of series of electron tubes connected
in an operative series, each series representing a
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denomination of a numerical notation, and each .

tube in the series representing a digit of such
denomination it represents; means to produce
impulses in each denominational order by caus-
ing cenduction to.occur sequentially in the num-
ber of tubes in that denominational order which
will represent the digit to be expressed in that
order; and a plurality of switches, each having
connections whereby to confrol the series con-
nections in certain denominational orders of the
impulse producer to cause said impulse producer
to produce impulses in one or more denominations
representing a multi-denominational number in
the particular notational system in use,.

5. A plurality of banks of impulse-producing
electron tubes; the tubes in each bank being ar-
ranged in serles and opersble in succession upon
an initiation of an operation of the first tube by
means of couplings between each two adjacent
tubes of the sequence; a plurality of banks of
switches, there being one switch in each bank of
switches for each bank of tubes; and a common
operating means for each bank of switches, each
of said switches operating to break the coupling
between two tubes in an associated bank and
switch the operation to the beginning of the nexi
adjacent bank so that the banks are operated in
sequence and a predetermined.number of tubes
in each bank, as controlled by a bank of switches,
are operated in sequence, '

6." A plurality of electronic devices arranged in
.banks, each bank representing a denomination of
a numerical system and each device in g bank
representing. a digit in a denomination of that
system, the devices in each bank being coupled
one to another in an endless chain operating se-
quence whereby if an operation is initiated at one
end of the chain each device will be operated in
succession to the other end of the chain; means
to initiate the operation in one of the banks;
means for selecting a number of devices to be
operated in each bank by breaking the coupling
at a point and switching the operative coupling
to another bank by means of g switch so that at
the end of the operative sequence of the selected
number of devices in one bank, the next bank
- will operate in sequence; and means connecting
certain members of the switching means in gangs
for operation together, there being in one gang
one switch associated with each bank of devices
so that a predetermined number of devices in
each of the banks shall be selected with one op-
eration of each gang of switches,

7. In combination, a plurality of banks of elec-
tron tubes, the tubes in a bank being coupled for
sequential operation, one at a time in sequence; &
conductor for each bank, which receives a poten-
tial impulse for each tube operated in the bank;
switching means for determining how many tubes
in a given bank are to operate; and a plurality
of members, each of said members representing
a single denominational number or a multi-
denominational number, and each of said mem-
bers controlling the switching means so that the
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impulse producer will produce a number of im-
pulses in each ‘denominational conductor equal
in value to the digits of the number represented
by the member,

8. In combination, a plurality of pairs of high-
vacuum electron tubes, the members of a pair be-
ing connected in a trigger circuit, whereby one
tube or the other may be conducting at any one
time and whereby an electric impulse impressed
commonly upon the members of a pair will
change the mode of operation as to which one of
the pair is conducting; means connecting the
pairs of trigger tubes in a sequence, so that an
electric impulse is given to the {rigger pair next
higher in sequence after the pair in question has
changed its mode of operation twice in response
to electric impulses, thereby creating a binary ac-
cumulator of numerical ata received through
the first pair of the sequence by means of electric
impulses impressed thereon at intervals of time;
a scanning means for the binary accumulator in-
cluding an electric contact for each trigger pair,
which contact is energized by the condition of
conduction of a designated one of each trigger
pair when that designated tube is in a conducting
condition; switches operated by each of said con-
tacts so that when a certain trigger pair is in a
certain mode of operation the corresponding
switches will be operated; an electric impulse pro-
ducer including elements corresponding to de-
nominations of the decimal system of numerical
notation; and connections between the switches
and the impulse producer for controlling the im-
pulse producer according to the state of con-
duction in various denominations of the binary
accumulator, so as to change the accumulated
data from a binary denominational notation to a
decimal denominational notation.

9. In combination, a plurality of trigger-
connected pairs of high-vacuum electron tubes;
means for impressing operating electric impulses
on each of said pairs, said pairs being connected
in a series whereby two changes in the mode of
operation of the pair at the first of the series
creates an impulse to operate the pair next in the
series once, thereby providing a counter for elec-
trical impulses on a scale of two; means to render
designated ones of all the pairs of tubes conduct-
ing, the other tube of all the pairs perforce being
in a non-conducting condition; means to cause a
potential drop in the anode of a tube as it be-
comes conducting; means for scanning all the
originally non-conducting tubes to see if any has
become conducting; a member associated with
each trigger pair and operated by the drop in
potential of the menticned anode; a series of con-
tacts closed by each member when operated; a
means for producing a differential number of
electric impulses in a plurality of denominations
based on the decimal system of numerical nota-
tion, said denominations each consisting of a
number of digit-representing tubes which may be
caused to become conducting one after another to
create electric impulses; and means operated by
the closing of the contacts representing a mem-
ber for selecting a certain number of tubes in
each denomination of the impuise producer to
become conducting, said number of tubes in each

- decimal order of the impulse-producing unit be-
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ing the same as necessary to express the number -
represented by the denominational order of the
binary system which said switch represents.

JOSEPH R. DESCH.
LAWRENCE D. KILHEFFER.



