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14 Claims.

This invention relates to electronic control cir-
cuits and more specifically to application of such
circuits to automatic telephone systems.

The accompanying Figures 1, 2 and 3 repre-.
sent an all-electronic register circuit for a panel

sender of a dial telephone system. It is designed
for use with telephone numbers comprised of
seven units, e. g., the numbers used in New York
city. 'The circuit is subdivided into three main
circuits and two auxiliary control circuits. The
first main circuit, Figure 1, is called the “count-
ing circuit” and is comprised of tubes A—I to
A—13. The second main circuit, Figure 2, is

called the “differentiating circuit” and consists,

of tubes B—1{ to B—I3. The third main circuit,
Tigure 3, is called the “register circuit” and is
comprised of tubes C¢—8, C—1, C—I, C—2, C—4,
C—5, and C—Z J—8, J—1, J—i,
J—2, J—4, J—5, and J—Z. Auxiliary reset cir-
cuits are comprised of apparatus K—I, K—2, and
L—1{, shown in Fig. 2.

For the purpose of illustrating the cooperation
of the three circuits a brief description of a typi-
cal automatic telephone dialing system is includ-
ed. When & telephone subscriber wishes to dial
a number, e. g Endicott 2-7769, he places his
finger in the opening of the dial showing the
letter B and pulls the dial around to the stop
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bracket. When the dial is released the dial clicks...

off three signals. Next, he places his finger in the
opening showing N and again pulls the dial
around to the stop bracket. Upon releasing it,
the gial clicks off six signals. Then he dials the

number 2 and the dial clicks off two signals.

This is repeated for the numbers 7, 7, 6, and 9 in
order, and each time the dial clicks off signals
corrasponding to the number dialed.

Each of these clicks is transformed into an
electrical impulse and it is the purpose of my
counting circuit, Fig. i, to count each one of
these impulses. Thus, on the first series of im-
pulses corresponding to the letter B, the count-
ing circuit will record 3. It is there reset, as it

is after each successive series of impulses. Upon'

the second series of impulses corresponding ]
the letter N it will record 6. Upon the third
series of impulses, corresponding to 2, it will
vecord 2. This will be continued until all the
numbers are counted. After counting each series
of impulses, the counting circuit sends its count
to the &ifferentiating circuit, Fig. 2, which actu-
ates circuits corresponding to the count which in
turn actuate the register circuit, Fig. 3, to record
the result and cause the number to he connected.
The counting circuit and the differentiating cir-
cuits are then cleared and are ready to receive
the next series of impulses. The register circuit
is not reset until the whele series of numbers
have been recorded and retransmitted to an auto-
‘matic switching apparatus (not shown) which,
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as is well known in the automatic telephone art,
is suitably operated to connect the proper sub-
scriber circuit to the trunk line.

Tn order to save duplication of equipment in
the register circuit, Fig. 3, the telephone com-
pany uses only a few of the numbers from 1 to 0.
Just five units are used in this code but these five
units are made to do the work of ten. These
units are 1, 2, 4, 5, and 2, the latter representing
the character 0. The dialing of the number 1 or
a letter correspending to it is represented by 1;
the dialing of the number 2 or & letter -corre-
sponding to it is represented by 2; the dialing
of the number 3 is represented by 2 and 1 in com-
bination: the dialing of 4, by 4; the dialing of
5, by 5; the dialing of 6, by 5 and 1; the dialing
of 7, by 5 and 2; the dialing of 8, by 5, 2 and 1;
the dialing of 9, by 5 and 4; and finally the dial-
ing of 0, by z alone.

The counting circuit, Fig. 1, counts out the
total number of impulses in each series of clicks
as the dial sends them out. The function of the
differentiating circuit, Fig. 2, however, is to take
these dialed impulses and codify them so that
the output circuit of the differentiating ap-
paratus actuates the proper lines of the five lines
corresponding to the numbers 1, 2, 4, 5, and 2 of
the code. These lines in turn will supply operat-
ing potential for the grids of each set of tubes in
the register groups, Fig. 3. For example, on the
second dialing operation corresponding to the
letter N, six impulses will be received by the
counting circuit shown in Fig. 1. This will op-
erate six odd-numbered tubes in the counting
circuit which in turn will operate corresponding
tubes in the gifferentiating circuit shown in Fig.
2 so as to put operating potential on lines 5 and 1
of its output circuit.

As a result, tubes DI and D§ in the second
group of tubes in the register circuit shown in
wig, 3, will be operative, indicating that the
second unit of the telephone number dialed is N
(or 6). In the same way, the operation of fubes
Cl and C2 in the first register group indicates
that the letter E (or 3) is the first letter of the
number dialed. The operation of tube E2 in the
third register group indicates that the number 2
is the third number dialed. 'This continues down
the line until tubes i5 and {4 in the bottom group
of tubes operate to indicate that 9 was the final
number dialed. How these results are accom-
plished by my circuit is described in greater detail
hereafter.

D. C. potential is suplied to the plates of all
tubes. In the present arrangement gas-filled
tubes are used having operating characteristics
such that a plus bias of 20 volts on the grids is
required to render them operative. Any tubes
with similarly suitable characteristics may, of
course, be substituted. '




2

Referring to Figure 1, it is the purpose of the
counting circuit to count the impulses of the dial
and to transmit the results of this counting to
the differentiating circuit. This circuit is com-
bosed of a series of pairs of tubes A—I and A—12,
A—3 and A—4, through A—I7 and A—18, and
the single tube A—19. Each pair is comprised of
a primary and secondary tube, the secondary
tuke in each instance acting to prepare the fol-
lowing primary tube for operation. The single
tube A—I{9 does not require a secondary tube
because it is the last tube in the line and there-
fore has no corresponding secondary tube to pre-
bare for operation. All the odd numbered tubes
in group A are primary tubes and the even num-
bered are secondary tubes. The grids of all the
primary tubes are in parallel and connected with
input line 21, 12. ‘This input line 13, 21 is ar-
ranged to respond to the dialed number by
temporarily raising the potential of the com-
mon primary grid line 25 from ground potential
to some higher value, i. €., 20 volts, for each
dial click received over line | 8, 21. This grid
potential impulse is timed by a suitable time con-
stant circuit to die ocut in a predetermined time
interval before the next dial click is received.
Thus the grid line 25 will receive a series of sharp
transient impulses, i. e., a series of 20-volt pulses,
spaced in a predetermined manner, the number
of which impulses will correspond to the number
of dial clicks received, 1. €., to the digit dialed.

Thus, upon the first impulse of a given series
corresponding to a given number from 1 to 0
which is dialed, the grid of tube A—{ will lose
control. Current will then flow from source of
potential of 120 volts st power supply K—2 of
Figure 2 through line 53, through current limit-
ing resistor 5{, tube A—1{, and cathode resistor
41 to ground. As a result line 31 will assume a
potential of 20 volts instead of its original po-
tential of zero. One of the results of this change
in potential is to charge the condenser 4§ through
resistor 45 which, afier a time delay com-
mensurate with values of said condenser and re-
sistor, will cause the grid of tube A—2 to lose
contrel. Operation of tube A—2 permits current
from source of potential of 1000 volts at power
supply K—2 in Figure 2 to flow through line &4,
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current limiting resistor 48, tube A—2, and

cathode potentiometer 42 to ground. The IR
drop across potentiometer 42 raises the cathode-
anode potential of tube A—3 from zero to ap-
broximately 120 volts. But by this time the first
impulse on line 25 has died out since the time
delay in condenser 4§ and resistor 45 is so ad-
justed that tube A—2 will cperate some time
after the first impulse occurs but before the
second cne. Therefore, A—3 cannot operate on
the first impulse. Beafore the second impulse oc-
curs, howevers, the IR drop across resistor 42 is
sufficient to supply A—3 with a plate potential of
120 volts and therefore A—3 is ready to operate
if and when the second impulse occurs. When
the grid of tube A—3 loses control as a result
of a second impulse on line 25. current flows from
the 120 volt source of potential across the
cathode potentiometer 42 of tube A2 through
a current limiting resistor 52, tube A3, and
cathode resistor 43 to ground. As kefore, tube
A—A does not operate until after the second
impulse has subsided and hefore the third cne
begins. Thus, the bpotentiometer 44 in the
cathode circuit of tube A—4 does not supply tube
A—5 with plate voltage until just after the second
impulse dies out. Thus tuhe A—5 cannot operate
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on the second impulse but is ready o respond to
a third impulse.

In this fashion each successive pair of tubes
will operate as long as the dial sends out impulses.
The value of resistor 5! in the plate circuit of
tube A—1{ controls the current in resistor 4t so
that the IR drop is 20 volts, or more. Resistor 52
in the plate circuit of tube A—3 performs the
same function for resistor £3, as do all the other
resistors in the plate circuits for the resistors in
the cathode circuits of the primary tubes. The
value of resistor 43 in the plate circuit of tube
A—2 controls the current in cathode potentiom-
eter 42 so that the IR drop equals approximately
129 volts. Similarly, resistor 59 in the plate cir-
cuit of tube A—4§ performs the same function for
cathode potentiometer 44 as do all the resistors
in the plate circuits for the cathode potentiom-
eters of the secondary tubes.

After each series of impulses cerresponding to
& single number of the telephone number to be
dialed, the currents in the plate circuits of the A
tubes are temporarily interrupted by means of
relay contacts 22 and 24 in Figure 2, and they are
all reset and immediately ready to operate again.
The sequence of events resulting is this opera-
tion will be hereinafter described in connection
with the circuits shown in Figure 3. In addition
tc supnlying grid control potential for their
corresponding secondary tubes, these potentiom-
eters, i. e, the resistors in the cathode circuit
of the primary tubes, also control the grid cir-
cuits of tubes B—{ through B—13, shown in Fig-
ure 2, to which they are connected by lines 31
through 49,

As an examgle of the actual cperations of the
circuits just described in connection with Fig-
ure 1 Iet us dial the telephone number Endicott
2-T769. Translating this telephone number into
figures it becomes 3—5—2-7769. In accordance
with this sequence of numbers, the counting cir-
cuit will first operate so that a potential of 20
volts will be on Iines 24, 22, and 33. After the
dial returns to rest, relay contacts 23 and 24 will
operate interrupting the plate circuits and reset-
ting all tubes in the counting circuit (and in the
differentiating circuit, Fig. 2, as will hereinafter
be explained). The next series of impulses is §,
so lines 21 to 33, inclusive, will have operating po-
tential on them. After the nhext interruption,
lines 81 and 32 will possess operating potential.
After the next two interruptions lines 31 to 37, in-
clusive, will possess operating potential. After
the next interruption, lines 31 to 35, inclusive,
will possess operating potential. Finally, after
the next interruption, lines 31 to 39, inclusive,
will possess cperating potential. Upon the dial’s
return to rest after this final signal, the plate
circuits will be interrupied once more, clearing
the group A tubes for a new incoming call.

The function of the differentiating circuit
shown in Figure 2 is to record the results of the
counting circuit shown in TFig. 1 in such a way
as to make these signals available for use in the
register circuit lines ¢, 2, 4,5 and 2 connecting
the differentiating circuit of Figure 2 with the
register circuit of Figure 3. The tubes in this dif-
ferentiating circuit are, in a sense, arranged into
SiX groups. They are (1) tubes B—I, B—2, and
B—4, whose plates are connected together to a
single series resistor 55 and thence to a 120 volt
scurce of potential: (2) tuke B—32, the cathode
of which is connected to the cathode of tube B—I
but through its own plate resistor {4 to approxi-
mately 160 volts at source K—2; (3) tubes B—5,
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B—6, and B—1, whose plates are all connected to
series resistor 13 thence to 120 volts ab source
K—2; (4) tubes B—8, B—9, and B—I1, whose
plates are connected together and receive plate
potential through series resistor 58 and line 78
from a plus 1063 velf source at K—2; (B) tube
B—10 the plate of which is connected through re-
sistor 87 to a plus 160 volt source of potential at
K—2 and the cathode of which is connected to
the cathode of tube B-—3 through resistor 61; and
(6) tubes B—Ii2 and B—13 whose plates are con-

10

nected together and obtain plate potential of 120 -

volts through series resistor 58. Within each
group, as each successive tube cperates, the IR
drop across the series resistor reduces the po-
tential at the cathode by an equal amount. In
any group therefore, an cperating potential on
line I, for example, is reduced to a non-operating
potentizal through the decrease in current flowing
through resistor 62 of tube B—{ when tube B—2
or B—4 orerates. The same principle applies
throughout the six groups. When it is desired to
lower the operating potential on zll the cathodes
of any one group, a tube, such as B—4, is shorted
through the series resistor to ground. This in-
creases the IR drop through the servies resistor to
a value far below that required by the various
cathodes to supply operating potential to the cuf~
put lines of the circuit. The operation of the dif-
ferentiating circuil will now ke traced. When the
grid of tube B—1! loses control as a resuit of po-
tential on line 3! due to a first impulse of any
number of a dialed telephone number, current
flows from the plus 120 velt source of potential at
power supply K—2 through series resistor B3,
tube B—I, and through cathode potentiometer 62
to ground, and also through resistors 8§, 67 and
68 to ground, but not through line 1, the grids of
—1 tubes in Figure 3 to ground, as none of these
grid to cathode paths are yet open. . The resulf is
to raise the potential of point p—1 from zerc to 20
volts, placing 20 volts on line !, If no further im-
pulses are received this grid potential will be
sufficient to operate tube C—I1 in the first group
of the register circuit (Fig. 3). Upon the opera-

tion of tube B—2 as a result of potential on

line 22 due to a second impulse of any numbar
of a dialed number, current flows in resistor €2,
the value of which is greater than resistor £2

through a path parallel to the path of current !

through tube B—I. As a result, point p—=2 as-
sumes a potential of plus 20 volts through resistor
§9, as does also line 2. This potential will op-
erate tube C—2 in the register group (Fig. 33,

providing no further impulses are received. The

current through resistors 62 and 63, however, also
goes through the series resistor 8% with the re-
sult that, upon the operation of B—2, the
current through 62 is reduced and thus fhe
voltage of point p—1{ and so of line { drops
to a value less than 20 volts, rendering this
line incapable of operating tube C—I. 1In
this way the counting and differentiating cir-
cuits will function so as to only render op-

erative tube C—=2 of the first register group as 2 ¢

result of the second dialed impulse. Upon tha
operation of tube B—3 as a result of potential
on line 33 caused by a third impulse, current flows
in resistor {4 from a source of 180 velts potentisl
at K—2, through tubes B—3, and through re-
sistors 62 and 65, 67 and 68 to ground. The result
is to raise the potential of p—i{ and line 1 to 20
volts again. Thus, when three impulses have
been recorded by the counting circuit, lines {
and 2 out of the differentiating circuit are In a
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condition to render operative the register tubes
(Fig. 3) connected to them, both C—I and C—2.

When line 24 receives potential due to a fourth
impulse, tubes B—4 and B—5 operate. The op-
eration of tube B—4 draws so much current
through resistor 56 as to greatly increase the
IR drop acress ib. This afiects the drop across
resistors 82 and 63 which in turn reduces the
potential of points p—I1 and »—2 and so of lines
I and 2 to below 20 volts, at which value they
are incapable of rendering operative the register
tubes shown in Fig. 3 connected to them. Upon
the simultaneous operation of tube B—5 current
flows in resistor €4 and the IR drop across it
raises the potential of point »—4 across the po-
tentiometer formed by resistors 64, 12, 13 and T4
to 20 volls. Line 4 thus acquires a potential of
20 volts and is capable of rendering operative the
register tubes connected to it.

Upon the operation of tube B—6 as a result
of operating potential on line 35 due to a fifth
impulse, the potential of point p—5 and so of
line 5 is raised to 20 volts, rendering it capable
of cperating tubes connected to it. The value
of resistor 63 is greater than that of 64 so that
when tube B-—§ operates the IR drop across re--
sistor €5 is sufficient to give point p—5 a poten-
tial of 20 volts, hut the drop across resistor 13
is now so large that the potential of point p—4
drops below 20 volts, rendering line 4 incapable
of operating tubes connected to it.

The potential of p—b5 remains 20 volts during
the next four signals from the counting circuit.
Upon a signal from line 43, however, the opera-
tion of tube B—1 so increases the IR drop across
series resistor #3 as to greatly reduce the IR
drop across resistor 65. As a consequence the
potential of p—5 and line 5§ is reduced to a value
less than 20 volts, rendering it incapable of op-
erating tubes connected to it.

Upon the operation of tube B—8 as a result
of potential on line 36 due to a sixth impulse,
current flows in resistor 68. The IR drop across
this is 100 volts (the potential on line 76 is 1000
volts) with the result that the potential of p—I
and line { on the potentiometer is raised to 29
volts again. The value of the current through
registors £2 and &8 should be ten times that
through 67 and 83: the value of resistor 67
should be four times that of &5. Thus, with
potential on line 3§ indicating the reception of
the sixth impulse from the dial, the differenti-
ating circuit has placed an operating potential
of 20 volts on lines § and |.

Upon the operation cf tube B—3 as a result
of potentials on line 37 due to a seventh im-
pulse, current fows in resistor Ti, the value of
which is greater than 88. The result is fo raise
the potential of p—2 and line 2 to 20 volts
again, and, because the drop across resistor 58
is increased hy the operation of B—8, the drop
across 68 is decreased and so the potential of
voint p—1 and line { is reduced to below 28 volts,
rendering it incapable of operating ifs register
tubes (Fig. 3). As before, the values of resistors
£3, 62, 70, and 7¢ are proportional to §2, 66, 67,
and 68, respectively.

Upon the operation of tube B—1{3 as a result
of potential on line 38 due to an eighth im-
pulse, the potential of p—{ and line 1 is again
raised to 28 volts, due to the increase of the
current fow through 87 and 88 and €6 and 62
due to the opsning up of another electrical
channel through tube B—I0 and resistor 51, to
a source of potential of 180 volts in the power
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supply K—2. Thus, register tubes connected to
lines 5, 2, and { can operate. When B—I1 op-
erates as a result of potential on line 39 due
to a ninth impulse, the drop across resistor 58
is increased so that the potential of points p—I
and p—2, and, cf course, lines | and 2, drops
to below 20 vclts again. The simultaneous op-
eration of B—I12 causes current to flow through
resistor 74 and, in the same way as before, the
potential of p—4 and line & is raised to 20 volts
again, making it possible for register tubes con-
nected te lines 5 and 4 to operate.

Finally, upon the operation of tube B—1i3 as
a result of potential on line 49 due to a tenth
(or zero) impulse, current flows through re-
sistor 15 which is greater than 74 raising the
potential of p—= and line 2 to 20 volts. The
increased IR drop across resistor 56 reduces the
current through 74 and thus the potential on
p—4 and line 4 to helow 20 volts. Simultane-
ously, as previously described, the operation of
B—T has reduced the potential of p—5 and line
5 to below 20 volts. Thus, as a result of poten-
tial on line 49 only line z remains with 20 volts

on it and cnly tubes connected to line 2z can op-~ -

erate.

A capitulation of the results attained by the
differentiating cireuit is contained in the fellow-
ing table:

B means tube is operative

X means tube is not cperative

Potenlial on differentiator output lines
Dial impulse No.

Linel | Line 2 | Line4 | Line 5 { Line Z ¢
BWOIX 0|X 0lX n|lX 9
X 0B 29| X 0|X 0[X 0
B a2ao|B 29| X 0|X 0[X o0
X 6|X 10|B 20|X 0([X o
X 6|X 10X 10|B 201X o
B 20X 10X 10|B 20|X 0
X 0|B 20| X 10| B 20X 0
B 20/ R 20| X 10| B 20 X O
X 61X 10|B 20|B 260X 0
N 6 X | X 10|X 16|B 29

Dialing 3—6—2—7769
on the following output
ating circuit:

Dialing “3” will place operating potentials on
output lines 34, 32, and 33 of the counting cir-
cuit (Fig. 1) and will put operating potentials of
plus 20 volts on lines { and 2 shown in Fig. 2.
Upon the return of the dial to rest, the dial
stop signal will operate. This dial stop signal
like the regular dial signal is a transient im-
pulse of 29 volts or more and is represented in
Figure 3 as input line 22, {8. This dial stop
signal controls the grids of tubes C—8§ and C—T,
D—§ and D—1 ... J—8 and J—T a series of
seven pairs of tubes, primary and secondary,
exactly equivalent to the pairs of tubes in the
counting circuit of Figure 1. The function of
these latter tubes, howsaver, is not only to count
the impulses sent cut by the dial stop signal
but by their overation to place suitable plate
notential at the proper instant upon register
tubes C—1I, C—2, C—3, C—4, and C—5; D—I,
D—2, D—3, D—4, and D—5; ... J—I, J—2,
J—3, J—£, and J—5 after receipt of each suc-
cessive dial stop signal. The drawirg of cur-
rent by any of the C—8§, D—§& . . . J—$§ tubes
from source of supply I—I{ Figure 2, through
resistor 8%, line 2§, the current regulating re-
sistor in each plate circuit, a —6 tube and thence
through its cathode potentiometer to ground, will
create a small IR drop across the resistor 80.

will produce potentials
lines of the differenti-
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This potential change will induce a transient
through transformer 28 onto the grid circuit of
vacuum tube K—{ TFigure 2. This temporary
change in grid bias of tube K—I{ will cause the
fast electromagnet relay 20 in its plate circuit
to be momentarily energized, drawing current
from plus 120 volts at power supply L—I( through
line 88, relay 29, tube K—I and thence to ground.
As the relay becomes energized, its contacts 23
and 24, momentarily open, interrupting the
source of potential to power supply K—2 from
supply lines 43 and 44. This will momentarily
reduce the plate voltage of all the gaseous-dis-
charge tubss in Figures 1 and 2 to zerc. As a
consequence all the grids will regain control and
the counting end differentiating circuits will be
immediately ready for anocther series of incom-
ing signals from the dial input line, 21, {9. This
cycle of cperations wil be repeated each time
the dial comes to rest against the bracket after
a given number is dialed.

Upon the next set of impulses from the dial
the counting circuit will put potential on lines
31, 32, 33, 34, 35, and 35, and the differentiating
circuit will operate to put 20 volts on lines 5
and |. Dialing 2 will will put 20 volts on line
2; dialing T twice will put 20 volts on lines 5
and 2 twice in succession; dialing 6 will put 20
volts on lines § and {; and dialing 9 will put 20
volts on lines 5 and 4. Upon the final return
of the dial to rest the operation of tube K—I
will reset the differentiating circuit and it will
then be ready for a new set of signals.

The function of the register circuit, Figure 3,
is to receive the results of the counting and
codification of the dialed impulses and to ac-
tuate apparatus in the unit following the panel
sender corresponding to the numbers dialed.
This apparatus is represented by circles in the
plate circuits of the tubes of the register groups.

The resistor circuit is divided into seven groups
of tubes, C—tubes, D—tubhes, E—tubes, F—tubes,
G—tubes, E—tubes, and J—tubes, each group
of which registers in the code the impulses of
a single number dialed. Each group is subdi-
vided into two sets of tubes. Tubes numbered
—&, —35, and —=z, called the main
register circuit tubes, record the signals on the
output lines of the differentiating circuit, tubes
numbered —5 and —7T count the dial stop sig-
nals at the end of each dizling cperation and
function to transfer the output signals of the
differentiating circuit to successive groups of —I
to —z tubes. Thus, the first dial stop siznal
from lines 22, {8 serves to put group C in action,
the second dial stop signal puts group D in ac-
tion, and so forth to the seventh and last dial
stop signal which puts greup J in action. When
the subscriber moves the dial away from the
rest position as he begins to dial the desired
number, nothing happens in the register circuit
Figure 3. Nothing happens in the circuit as he
winds the dial to the desired digit or letter of
the number and ncthing happens in the register
circuit as the dial is released and clicks out its
signals. But when the dial returns to rest after
this operation, the dial stop signal sends its
impulse through input lines 22, 18 to the grids
of all —T tubes in Figure 3, temporarily rals-
ing their potential to 20 volts or more. In the
meanwhile the counting and differentiating cir-
cuits have picked up the signals of the dial in-
put line 2, {® and have placed operating po-
tentials on lineg {, 2, 4, &, and 2 in accordance
with the number dialed and the code it repre-

_ly "'"2)
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sents. But even the operation of a —1 tube in
Figure 3 does not permit —I, —2, —4, —9§,
or —2 tubes in the main register circuit to op-
erate, even though operating potential is avail-
able on their grids. These main register circuit
tubes must wait until after the dial stop signal
has died out before a —6 tube, which is con-
trolled by time delay circuit in its grid, exactly
as in the counting circuit of Figure 1, puts cur-
rent through the potentiometer in ifs cathode.
These —6 tubes receive plus 1000 volts plate
potential from source L—I, Figure 2, through
resistor 0, line 26, an individual current limit-
ing resistor in each of their plate circuits, thence
through the tubes and the potentiometer in each
cathode to ground. The potential acrcss the
potentiometer is 120 volts and the current
through it should be at least ten times the maxi-
mum load (three operative tubes) that the main
register circuit tubes —1i, —2, —#4, —5, —=2 will
draw. The —7 tubes in TFigure 3 operate as
follows: Tupe C—17, in a similar way to tube
A—I[ of Figure -1, is connected from a 120 volt
source of supply at L—1 in Figure 2 through line
271 and, current limiting resister 43, to a grid
bias resistor 46, which controls tube C—6, and
thence to ground. The remaining —T tubes are
connected in the same manner except that they
obtain their plate veltage supply from across the
potentiometer in the grid of the preceding —6
tube, for example, tube D—T obtains its plate
supply from potentiometer & in the cathode of
tube C—6.

How the register circuit of Figure 3 functicns
as an entity will now be described in some de-
tail, Upen the first dial stop signal or input
lines 18, 22, C—T1 operates (since it is connected
directly to a plus 120 volt line), and through a
time delay circuit exactly as in the counting
circuit shown in Figure 1, Tube C—®& operates.
current then flows in resistor 81 across which
are connected in parallel tube D—T including its
cathode resistor 49 and plate resistor 41 and
tubes C—1{ through C—=z inclusive with their
associated common cathode series resistor 91.
The grids of these tubes C—I through C—z will
then respond to whatever signals have been set
up in lines { to z. If more than one line has
an operating potential, this corresponds to a. tie
or simultaneous operation of two different por-
tions of the differentiating circuit. The main
register circuit group of tubes are designed to
record such ties, providing that the grid signals
arrive simultaneously or, as in the case at hand,
the signals have all arrived—though not simul-
taneously—before plate potential is supplied to
the registering group. Resistor 9 will draw a
current correspending to the number of tubes
operative, current from one tube being sufficient
to create a cathode bias across resistor 91 which
will prevent the future operation, until a plate
potential interruption, of any more tubes in the
C group. :

Thus upon the dialing of the number “3” of
a first series of sighals on impulse 21, 19, and
the assumption of a potential of 20 volts by lines
p—I1 and p—2 and the actuation of the first
dial stop signal on signal line 22, 18 and the sub-
sequent operation of tubes C—T and C—6 there-
by placing 120 volis on potentiometer 81, the
erids of tubes C—1 and C—2 will simultaneously
lose control causing current to flow from the
cathode of tube C—8, the high side of pote!}-
tiometer 81, through the control apparatus in
the plates of each of tubes C—! and C—2,
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through the tubes in parallel thence via resistor
9{ to ground. The drop across series resistor 81
will raise the bias on the grids of the remain-
ing non-operative tubes in this C— group to a
point where they can no longer lose control until
a plate circuit interruption reduces the bias
through resistor 9.

Becalse of the time delay in the operation of
tube C—6 after the dial stop signal to the grid
of tube C—1, tube D—T has been prevented from
operating on the first dial stop impulse. As a
consequence potentiometer 82 in the cathode of
tube D—8 cannct supply plate voltage to the
D group cf register tubes. Thus, these do not
respond to the cperating potentials on input
lines | to z corvesponding to the first set of im-
pulses sent cutb by the dial. Similarly groups E,
I, G, H, and J do not respond.

The operation of tube C—6 also causes cur-
rent to flow through resistor 80 which in turn
transmits an impulse to the transformer in the
grid of vacuum tube ¥K—I. This responds to
the impulse in such a way as stated before as
to actuate relay 20 just long encugh to mo-
mentarily open contacts 23 and 24. This clears
the counting circuit and differentiating circuits
for the next set of impulses from the dial but
not before the cld set has been recorded by the
first register group of tubes. Upon each suc-
cessive signal from the dial stop line 22, 18 and
the sibsequent operation of a —6 tube, resistance
80 will receive an additional increment of cur-
rent through it. Each increment serves to ac-
tuate E—{ and relay contacts 22 and 24 and
so to Teset the counting and differentiating cir-
cuit. 'The value of 80 must be large enough to
create the desired effect in the vacuum tube but
must not be so large as to materially effect the
potential on the plates of the —6 tubes with
which it is in series. In addition, upon each suc-
cessive signal from the dial stop line 22, 18 and
the subsequent operation of a —§ tube, succes-
sive register groups will receive plate potential
from the potentiometers 82, 83 ... 81 in the
cathodes of these —B6 tubes in such sequence
that groups D, E, F, G, H, and J will be rendered
operative in that erder.

As each set of impulses from the dial is trans-
formed by the counting and differentiating cir-.
cuits to potentials of 20 volt magnitude on the
register circuit input lines I, 2, 4, 5 and 2, a new
group of | to 2 tubes is made ready to receive
these signals. 'The number 3—6—2—7769 will
accordingly set up as follows in the register cir-
cuit:

1 245 7
BBXXX
BXXBX
XBXXX
XBXBX
XBXBX
BXXBX
XXBBX

Upon the completion of the final dialing op-
eration by the subscriber, tube J—6 will operate,
sending current through resistor 8§71 and causing
tubes J—I to J—Z to respond to the signals on
lines I, 2, 4, 5, and 2. No series resistance is
required in the cathode circuit of the final reg-
ister group as no more signals will be -applied |
to the grids in this group.

As soon as the apparatus in the plate circuits
of the main register groups have performed their
appropriate functions in the next piece of ap-
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paratus after the panel sender, a final signal
will be given which will momentarily open con-
tacts 83 and 99 shown in Fig. 2, thereby tem-
porarily reducing the potential of lines 26 and
21 to zero and so permitting the grids of all
the tubes in Figure 3 to regain contrcl. But
before this signal is given, the operation of tube
J—6 will have momentarily operated vacuum
tube E—1, and through it, relay contacts 23 and
24, thereby resefting all tubes in Figures 1 and
2. Hence, immediately after receipt of the final
signal, the panel sender described herewith will
be again ready to receive signals from the dial.

t should be understood that in the above de-
scription of my invention, the voltages recited
are for illustrative purposes only. My invention
is operable with other voltages suitably chosen
in consideration of the particular gaseous dis-
charge devices used, as long as the relative mag-
nitude of these voltages are properly maintained.
It should ke further understood that apparatus
constructed in accordance with my invention may
be operated satisfactorily with many types of
gaseous discharge tubes, and that therefore I
have not specified illustrative values for the
various circuit components shown, such as re-
sistors and condensers, because the value of such
circuit components would be primarily dependent
upon the particular type of gaseous discharge
devices used. The particular values of these
components, therefore, do not, per se, form an
important element of my invention so long as
the ratio between the voltage values, above de-
scribed, are properly maintained, and the time
constants of the various circuits suitably chosen
for the purposes for which they are intended.

It is to be understood that this description is
merely illustrative of my invention and that it
is not limited to the specific form herein de-
scribed.

I claim:

1. In an automatic telephone system, in com-
bination, a signal line for receiving a plurality
of series of signal impulses from a calling sta-
tion, a first set formed of a plurality of pairs
of gaseous discharge tubes connected to said line,
means operating each of said pairs in response
to signal impulses only, the number of pairs of
said set operated in sequence corresponding to
the number cf impulses in each signal series
received, a second set of gaseous discharge tubes
connected to the first set of tubes, poten-
tiometers in the cathode circuits of said second
set of tubes, means interconnecting said cathode
potentiometers, the tubes in said second set be-
ing responsive to the sequential operation of the
pairs of tubes in the first set to produce a com-
ponent of potential on their output circuits cor-
responding to the number of pairs of tubes in
the first set which have operated in sequence,
means for receiving an auxiliary stop signal at
the conclusion of each series of signal impulses,
a third series of tubes, apparatus connected
thereto to reset all tubes of the first and second
sets responsive to said step signals from said
last named means, a fourth sst formed cof a
plurality of groups of tubes, the number of
groups corresponding to the maximum possible
number of series of impulses, the number of
tubes in each group corresponding to the num-
ber of units in each signal series, means for
resetting tubes of the fourth set, means con-
nected with said third set of tubes for succes-
sively rendering operative each group of tubes
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of said fourth set of tubes, whereby the number
of tubes operative in each group and the num-
ber of groups operative correspond respectively
to the number of impulses in each series and
the number of each series of signals received
over the signal line.

2. In an automatic telephone system, in com-
bination, a signal line for receiving a plurality
of series of signal impulses from a calling sta-
ticn, counting means including a first set of
gasecus discharge tubes connected to said line,
means sequentially operating a number of pairs
of tubes in said set corresponding to the num-
ber of impulses in each signal series received,
means permitting cperaticn of said pairs only
in response to signal impulses, means to reset
the tubes of said first set after each signal
series, a second set of gasecus discharge tubes
connected to the first sef of tubes, the number
of groups in said set corresponding to the maxi-
mum number cof signal szries to be used, the
number cof tubes in each group corresponding
to the maximum number of impulses in each
series, means 1o reset said tubes of said second
set, means including a third set of tubes suec-
cessively sequentially renderving operative groups
of tubes in said second set cerresponding o the
number of series cf received signals and a num-
ber of tubes in each group corresponding to the
numhber of signal impulses in each successive
signal series.

3. A differentiating circuit for transfcrming
& series of successive non-synchronous signals
into a predetermined coded system of signals,
comprising, in combination, a group of circuits
each one of which is composed of a plurality of
grid-controlled gas-filled tubes connected acress
a source of electrical potential, means effectively
connecting in parallel all of the series of each
of said groups, an impedance in series with each
group of parallel connected tubes, means for se-
lectively rendering the tubes operative, imped-
ances in the cathode circuit of each tube, means
interconnecting said cathode impedances to form
cutput circuits corresponding to the number of
signals in the coded systems, whereby the com-
ponent of potential existing in said output cir-
cuit upon the receipt of a series of successive
impulses will be in accordance with the prede-
termined code.

4. In an automatic telephone system using a
mechanism for producing sequential non-syn-
chronous signals at the calling station, a circuit
for sequentially counting the series of successive
impulses forming any given signal, comprising,
in combination, a series of pairs of gaseous dis-
charge tubes, the number of pairs corresponding
to the maximum number of impulses which may
occur in any signal, each pair of tubes com-
prising a primary and a secondary tube, each of
said pairs being operable only in response to
the receipt of signal impulses, means energizing
a number of pairs of said tubes in sequence in
response to any signal corresponding to the num-
ber of the impulses forming said signal, com-
prising, means effectively connecting the grids
of all of the primary tubes together and to
the line from the calling station, means effec-
tively connecting all the secondary tubes in
parallel, a source of potential connected directly
to the fivst primary tube, a second source of
potential connected through each of said sec-
ondary tubes to each succeeding primary tube,
a potentiometer in the cathode circuit of each
tube. means effectivelv connecting the plate of
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each primary tube, except the first, to the po-
tentiometer in the cathode of the secondary tube
of the preceding pair, means including a time
constant cireuit interposed between the primary
and secondary tubes to provide a time interval
between operation of a primary tube and opera-
tion of the secondary tube of the pair which is
greater than the duration of the impulse but
less than the interval between impulses, whereby
the number of primary tubes operated in response
to each successive signal will equal the number
of impulses in said signal.

5. ITn an automatic call responsive system re-
sponsive to sequential non-synchronous signals
from a calling station, such signals consisting
of a series of impulses, a circuit for sequentially
counting the series of successive impulses form-
ing any given signal, comprising, in combina-
tion, a series of gaseous discharge tubes the
number of tubes corresponding to the maximum
number of impulses which may occur in any
given signal, means for effectively connecting the
grids of all of these tubes together and to the
signal source, and a source of potential directly
connected to the plate circuit of the first tube,
and means for supplying operating potential to
the plate circuit of each successive tube a pre-
determined time interval after each successive
impuise has subsided but before the next impulse
occurs to operate a number of tubes in sequence
which will equal the number of impulses cor-
responding to the given signal.

6. Tn an automatic telephone eircult, in com-
bination, a register circuit responsive to a plu-
rality of series of sequential non-synchronous
signals pericdically punctuated by an guxiliary
stop signal following each series of signals, com-
prising, a plurality of sets of grid-controlled
gasecus discharge tubes, means connecting in
paraliel all said tubes in each of said sets, an
impsedance in series with the parallel connected
tubes in each of said sets, means responsive to
the number of signals in each series selectively
applying operating potentials to corresponding
grids of each of sald sets, and means responsive
to each auxiliary stop signal for sequentially con-
trolling the application of cathode-anode poten-
tials to each of the plurality of sets of tubes
through said impedances, said cathode-anode
potentials being applied to an additional set of
said tubes only after each auxiliary stop signal is
received, whereby all tubes having cathode-anode
operating potentials at the moment their grids
have operating potentials respond to said signals.

7. Apparatus for recording a sequence of a plu-
rality of impulses, comprising, in combination, a
signal line, a series of electronic indicating de-
vices sequentially responsive to a plurality of
impulses, means connected therewith to sequen-
tially supply operating potentials to a second
series of electronic indicating devices, means con-
neciing together said second electronic indicat-
ing devices to supply operating potential to a
third series of sets of electronic indicating de-
vices in accordance with a predetermined code,
means connected with said third series of sets of
electronic indicating devices for rendering them
operative sequentially in response to the operated
devices in said second series of devices, and means
associated with the third series of devices for
resetéing the first and second series after the
operation of each set of devices in the third series

- of sets, whereby the individual devices of the
third series of devices will operate in response
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to impulses transmitted over the signal line in
accordance with the predetermined code.

8. In a register circuit, in combination, a plu-
rality of sets of tubes serving as recording devices,
o second group of tubes sequentially operative
in accordance with the successive series of in-
coming impulses, a third group of tubes selec-
tively operative in accordance with a pre-ar-
ranged code and responsive to the sequential op-
erations of said second group of tubes, means
associated with said third group of tubes for
selectively rendering each set of tubes conducting
in accordance with the pre-arranged code, a
fourth group of tubes, means associated there-
with and with said third group of tubes and
controlled by a dial stop signal for rendering each
of said sets of tubes operative in sequence where-
by the registration of the sets will control re-
cording in accordance with the incoming series
of impulses.

9. In a panel sender device for a dial telephone
system using a sequential code signal producer
st the calling station and a non-synchronous
register circuit for registering said signals to op-
erate selective mechanism to connect the calling
station with the proper called station, in com-
hinstion, a plurality of sets of register tubes,
means for rendering said sets of register tubes
sequentially operative in response to a dial stop
signal at the completion of each series of incomi-
ing impulses, means for counting each series of
incoming impulses, means associated with said
counting means for selectively rendering each of
the plurality of sets of register tubes conductive
in accordance with each series of non-synchro-
nous incoming impulses whereby the registration
of said sets of tubes will control registry in ac-
cordance with the successive series of incoming
impulses.

10. In a panel sender for a dial telephone sys-
tem, in combination, a first group of grid-con-
trolled tubes, means associated therewith for se-
quentially rendering said tubes conductive -in
response to the successive series of incoming im-
pulses, a second group of tubes, means associated
therewith for rendering said tubes responsive to
the sequential operation of said first group of
tubes in accordance with a predetermined code,
a third plurality of sets of tubes, a fourth group
of tubes, means associated therewith for render-
ing each set of the third plurality of tubes se-
quentially operative in response to a dial stop
signal at the completion of each series of im-
pulses, and means associated with said third plu-
rality of sets of tubes for rendering each sct
selectively operative in response to the second
group of tubes whereby the registration of the
plurality of sets of tubes will contrel registration
in accordance with the incoming series of im-
pulses.

11. In an automatic telephone circuit, in com-
bination, a register circuit responsive to a series
of signals periodically punctuated by an auxiliary
stop signal, comprising a plurality of sets of grid-
controlled gaseous discharge tubes, the number
of sets of tubes corresponding to the number of
series of signals, the number of tubes in each
set corresponding to the number of signals in
each of said series, means effectively connecting
in parallel all the tubes in each of said sets, an
impedance in series with the parallel-connected
tubes in each of said sets, means responsive to
Fheir corresponding signals for selectively apply-
ing operating potential to the grids in each set
and means responsive to said auxiliary stop sig-
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nal for scquentially controlling the application of
cathode-anode potential to each of the plurality
of sebs of tubes whereby only those tubes which
have cathode-anode operating potential at the
moment when their grids have operating poten-
tial can respond te said signals, and a counting
circuit, comy ng g series of electronic devices,
the numbar of said devices corresponding to the
nuraber of register sets, means including a time
delay circuit for rendering each of the elecironic
devices respensive to said auxiliary stoo signal
impulses, means for connecting said devices
across a source of electrical potential, & potenti-
ometer in the output circuit of each device, means
for connecting the corresponding set of register
tubes thereacross, and bias means for preventing
the operation of the next elecironic means in
serles uniil the stop signal impulse corresponding
to sald next electronic means is transmitted
whereby successive devices will operate respon-
sive to guxiliary stop signal impulsss to sequen-
tially contrel the application of operating plate
potential to tha tubes of the plurality of register
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bination, a regzist

set corresponding to the number
eacit of said series, means efeciively connecting
in parallel all the tubes in each of said sets,
an impedance in series with the parallel-con-
nected tubes in each of said sets, means respon-
sive to their corresponding signals for selectively
applying operating potential to the grids in each
set, and means responsive to said auxiliary stop
signal for sequentially controlling the applica-
ticn of cathode-ancde potential to each of the
plurality of sets of tubes wherehy only those
tubes which have cathcde-anode operating po-
tential ai the moment when their grids have
operating poiential can respond o said signals,

ting circuit, comprising a series of elec~
ices, the number of said devices corre-
to the aumber of ve T 3618, means
including a time delay cireuit for rendering each
of the eiectronic devices responsive to the aux-
iliary sicp signal impulses, means for connect-
ing said devices across a source of electrical po-
tential, a potenticmeter in the output circuit of
each device, mesns for connecting the corre-

spondi ister tubes thereacross, and
bias aventing the operation of the

next eiectronic in series until the stop

plicatior erabing te potential to the tubes
i it ter sets, and a control
npedance in series with
i ing cireuit,
means connected across said impedance for cp-
erating a circuit interrupter device, means re-
sponsive to the seguential operation of each of
the devices in said counting circuit for operating
aid circuit interrupter dzvice whereby each set
of impulses and each set of coded signals in the
cycle of signals will be reset as socn as they are
recorded on a register set.
13. In an automatic telephone circuit, in com-
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bination, a register circuit responsive to a series
of signals periodically punctuated by an aux-
iliary stop signal, comprising a plurality of sets
of grid-controlied gaseous discharge tubes, the
numper of sets of tubes corresponding to the
nuinker of series of sighals, the number of tubes
in each set corresponding to the number of sig-
nals in each of said series, 1neans effectively con-
necting in parailel 2il the tubes in each of said
sets, an impedance in series with Lhe parallel-
connected tubes in each of said sets, means re-
sponsive to their corresponding signals for selec-
tively applying cperating poiential to the grids
in each set, and means responsive to said aux-
iliary stop signal for sequentizily controlling the
application of cathode-ancde potential to each
of the plurality of seis of tubes whereby only
those tubes which have cathode-anode oparating
polential at the moment when their grids have
operating potential can respond to seid signals,
and a counting circuis, comprising a series of
pairs of tubes connected across a source of elec-
trical potential responsive to a predetermined
series of successive signals, the number of pairs
corresponding to the number of sets of tubes in
the register circuit, each pair of tubes being
responsive sequentially to the series of successive
signals, & potenticmeter in ihe output circuit of
each pair of tubsas which controls the plate volt-
age supply of the corresponding set of register
tubes whereby each set of register tubes is se-
quentially rendered operative in response to the
predetermined signals,
.. In an automatic telephone circwit, in com-
1 register cireuit responsive to a series
of sig s pericdically punztuated by an aux-
iliary stop signal, comprising a plurality of sets
cf grid-controlied gaseous discharze tubes, the
number of sets of tubes cors sponding to the
number cf es cf signals, the number of tubes
I: seb corresponding to the number of sig-
ch of said series, means eifectively con-
i parallel all the tubes in each of said
. an impedance in series wiih the parallel-
connected tubes in each of said sets, means re-
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tively applying operating potential to the grids
in each sei, and means responsive to said aux-
iliary stop siznal for sequensially controlling the
application of caihode-anode potential to each
of the plurality of sets of tuhes whereby only
those tubes which have cathode-anecde operating
poteniial abt the moment when their grids have
operating potential can respond to said signals,
and a differentiating cireuit for transforming
said series of successive signals into a predeter-
mined coded system of signals, comprising a
group of circuits each one of which is composed
of a plurality of grid-controlled gas-filled tubes
connected across & source of electrical potential,
means eileciively connecting in paralle! ail of the
tubes of each of said groups, an impedance in
series with each group of parallel-connected
tubss, means for seiectively rendering the tubes
operative in sequence, impedances in each cath-
ode cireuit of each tube, means Interconnecting
sald cathode-impedances to form outpub circuits
corresponding to' the number of signals in the
coded system whereby the component of poten-
tial existing in said output cireuils upon receipt
of a series of successive impulses will be in ac-
cordance with the predetermined code,
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