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5 Claims.

My invention relates in general to selecting sys-
tems,

One of the objects of my invention is to provide
a method of instantaneous selection over a sin-

& gle circuit employing the voltage drop in that cir-
cuit.

Another object is to provide a method of in-
stantaneous selection over a single circuit that
-may be employed over long distances. )

10 Another object is to provide a method of in-
stantaneous selection over a single circuit where-
by a number of selecting devices may be connected
into the circuit indiscriminately without any in-
teracting effect of one on the other.

15 Another object is to provide a method of instan-

taneous selection which may be applied without

change to any of the selecting arts such as auto-
matic telephony, printing telegraphy, remote
control of power apparatus, remote measuring,
etc.

There are other objects of my invention which,
together with the foregoing, will be described in
the detailed specification which is to follow taken

20

in conjunction with the accompanying drawings

25 forming a part thereof. )

In my prior invention disclosed in my copsnd-
ing application, Serial No. 211,101 filed August 6,
1927, I have disclosed a method of making a posi-
tive selection instantaneously over a single circuit.
In this prior application a variation in the con-
ductance of the circuit is made use of and the
amount of current flowing in the circuit deter-
mines the selection. "In a system of this charac-
ter, the selecting devices cannot be added into the
selecting circuit indiscriminately since the addi-
tion of any selecting device alters the whole cir-
cuit. Thus, if there are ten selecting stages and
an additional selecting stage is added, the addition
of the last makes it necessary to modify the con-
trolling device so as to compensate for its inclusion
into the circuit. In the present instance select-
ing devices may be added into the circuit without
any appreciable effect of one upon the other being
produced. This result is secured in the present
instant by employing a variation in potential in
the electric circuit instead of the variation in cur-
rent. Obviously in said prior application since a
chenge or variation in the electrical character-
istics of the circuit is used to control the selecting
d=vices more particularly the conductance, the
amount of current flow in the circuit changes.
Since the selecting devices are operated directly
by this current. flow, the addition of any new se-
lecting device into the circuit changes the circuit
so that the whole selecting circuit must be modi-
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-clusive, the lower winding of these differential

(CL. 177—353)

fied to enable the various selecting devices to work
harmoniously together. In the present instance
the instantaneous selection is secured by a change
in electrical characteristics of the circuit, namely,
the conductance, the same as before. However, a 60
function of this change in conductance is the volt-
age drop or variation. Potential operated select-
ing devices are employed. Consequently, all that
is necessary is to secure a variation in potential.
Since no current is consumed from the controlling 65
circuit as many selecting devices may be individu-
ally operated or controlled as is necessary or de-
sirable, The present invention makes use of a
similar principle of selection wherein opposing
electrical forces are set up and the main circuit is 70

. variously controlled so that the opposing forces

may be equalized selectively to produce the prop-
er selection.

Referring now to the drawings comprising Figs.
1 and 2, I have shown by means of the usual con- 78
ventional diagrams sufficient apparatus and cir-
cuits to enable my invention to be rea.dily ex-
plained and understood.

In PFigure 1, in the upper left hand corner of
the sheet is shown a resistor 100, which is connect- 80
ed to a_series of ten push buttons, ten push but-
tons representing ten selections. Each push but-
ton is adapted to insert a predetermined amount
of resistance in the circuit comprising the conduc-
tors 111 and 112 extending to the point at which 8§
the sélection may be made which might be termed
the central station. At the central station a
Wheatstone bridge circuit is employed. This
bridge is made up of the resistor 113, the re-
sistance of the winding of the relay 135, the line
conductors 111 and 112 and whatever portion of
the resistor 100 that is included in the circuit
and the resistor 134, Thermionic devices 114 to
123 are provided and have their control or grid
circuits all connected in multiple. The fllament
circuit of the thermionic devices is energized from
a plurality of batteries. The output circuit of
each of these thermionic devices includes the up-
per winding of the selecting relays 124 to 133, in-

90

95

100
relays being completed by means of & local cir-
cuit. The current flow in the lower winding of all
these relays is identically the same or substan-
tially so. The current flow through the lower

windings of these relays is equal and opposite in
direction to the current flow through the upper
winding of the relays when there is zero differ~
ence in potential between the filament and grid
‘of the respective thermionic devices with which
they are associated. The purpose of this differ- 310
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in the circuit. That is, considering the operation
of a thermionic tube when' there is.zero poten-
tial difference between the grid or control elec-
trode and the filament a certain amount of elec-
trons pass from the filament to the plate or out-
put electrode of the device. When the grid poten-
tial is negative with respect to the filament, lesser
number of electrons pass from the filament to
the plate while when the grid circuit is positive
with respect to the filament, a greater number
of electrons flow from the filament to the plate.

. In the present circuit the thermionic devices are
~so_constructed that the tubes or devices operate

on What is known as a straight part of the curve,
that is; the eurrent output of the tube is directly
proportional to the potential positive or negative
impressed upon the grid. It will be seen that
the fillaments of the thermionic devices are con-
nected at various points along the resistor 134.
This is for the purpose of biasing the grid of
the various thermlonlc devices as will be ex-
plained.

In Fig. 2 g somewhat dlﬁerent form of poten-
tial operated selecting device is employed. In
the upper left hand corner of the sheet is shown
a resistor 200 corresponding to the resistor 100
previously described. Push buttons 201 to 210,
inclusive, are 4ssociated with this resistor. A
key K—1 is employed associated with this resistor

“at the sending station to close the line circuit.

This key may be of any usual or well known type
and locks in the positon to which it is operated.
The line conductors. 211 and 212 extend to the
central office where a Wheatstone bridse circuit
is.connected to the line conductor. This Wheat-
stone bridge circuit comprises the resistors 213,
215, 214 and the line conductors 211 and 212 and
whatever portion of the resistor 200 is connected
in the circuit. Across the mid points of the
‘Wheatstone bridge is connected a thermionic de-
vice 220. This thermionic device may be of any
usual or well known type. If will thus be seen
that whatever potential difference exists between
the points 240 and 241 on the bridee will be im~
pressed upon the grid circuit of the thermionic
device 220. A plurality of differential relays 225
to 234, inclusive, have their upper windings in-
cluded in a series circuit and are connected to
the output circuit of the thermionic device 220.
The lower windings of these relays 225 to 234, in-
clusive, are connected.at various points along a
resistor 235. These relays unlike the relays 124
to 133 of Fig. 1, each has a different ameunt
of current flow through their lower winding. The
number of selections depends upon the output ea-
pacity of the thermionic device, the current varia-
tion of the device along a straight line curve and
the sensitivity of operation of the differential se-
lectine relays 225 to 234, inclusive. Having briefly
described the apparatus shown in the drawings,
I shall now explain its detailed operation with
respect to Fig. 1.

While in the drawings a plurality of batteries

- have been shown, it will be understood that the

energy may be derived froin s common source in
any usual or well known manner.
It will be seen that the selecting circuit includes

- the resistor 113 and the resistor 134 at the central

station. The selecting devices or thermionic de-
vices 114 to 123, inclusive, are bridged between
the resistors 113 and 134. Considering the ther-
mionic device 123, it will be seen that there is
zero difference of electrical potential between the
grid and the filament when the proportion of the
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ential winding is merely to provide a zero point’

resistor 113 to that portion of the resistor 134 to
which the filament of the thermionic device 123
is.connected is the same as the proportion of the
resistance of the conductors 111 and 112 plus a
portion of the resistor 100 is to the portion of the
resistor 134 extending from the connection of
the thermionic device 123 to the positive side of
the battery. Under these conditions, it will be
seen that a Wheatstone bridge is formed with the
resistor 113 forming the first leg, a portion of the
resistor 134 extending to the thermionic device
123 constituting the second leg, the line circuit
comprising conductors 111 and 112 and whatever
portion of the resistor 100 is included in the cir-
cuit comprising the third leg and that portion of
the resistor 134 extending from the thermionic
device 123 to positive battery comprising the
fourth leg. Thus with respect to the thermionic
device 122 there is zero potential difference be-
tween the grid and the filament when the propor-
tion of the resistor 113 to that portion of the re-
sistor 134 extending to the filament connection of
a thermionic device 122 is equal to the proportion
of the conductance of the control circuit extend-
ing to the sending device to that portion of the
resistor 134 extending from the connection of the
filament of the triode 122 to positive battery. In
a like manner zero potential difference can be ob-
tained between the grid and the filament of any
cne of the thermionic devices 114 to 123, inclu-
sive. It is to be noted, however, that the propor-
tions of the bridge to secure the zero potential
values are different. Consequently when the po-
tential difference between the grid and the fila-
ment of any one thermionic device is zero, the re-
maining thermionic devices are all different either
having a positive or negative potential applied to
the grid with respect to the filament. The ther-
mionic devices 114 to 123, inclusive, are essen-
tially voltage operated and controlled, that is, the
potential of the grids controls the current flow
through them, there being substantially no cur-
rent flow from the filament to the grid. Thus ob-
viously other thermionic devices such as 114 may
be added without effecting the control circuit ex-
tending to the said sending base. In fact, as
many duplicate sets. of ten selecting devices might
be inserted into the circuit as desired without
there being any inter-action between them. It
will be seen that the upper winding of each of
the selecting relays 124 to 133, inclusive, is includ-
ed in the output circuit of one of the thermionic
devices. The lower winding of these relays all
have permanently a certain amount of current
flowing through them in the opposite direction
to the current flow in their upper winding. This
differential current flow in their lower windings
is for the purpose of securing a positive and neg-
ative operation. That is, in a thermionic device

output circuit the current flow is essentially in -

one direction, the grid or controlling element
merely modifying it. That is, to explain more
fully, when there is zero potential difference be-
tween the filament and the grid, there is a certain

normal current flow. When the grid potential is -

positive the current flow is greater. When the
grid potential is négative the current flow is less.
The purpose of this differential winding in each
of the relays then is merely to balance out this

normal current flow. So'if when there is nega- -

tive potential on the grid and less than normal
current flow through the upper windings of these
relays, the relays will attract their armature.
By this arrangement, the relay operation occurs
on both sides of the zero point. Since the normal
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current flow through all the thermionic devices is
substantially equal, the differential current flow
through these relays is substantially the same.

It will be seen that the thermionic devices 114
to 123, inclusive, really have at all times a differ-
ent biasing potential upon the grid circuit more
or less in the nature of the bias put upon the
grid by the usual C battery. The number of se-
lecting devices, each selecting device comprising
a thermionic device and its associated relay, that
may be independently operated over a circuit of
this nature depends entirely upon the capacity of
variation of the thermionic device and also upon
the sensitivity of the relay employed.

‘The number of push buttons employed at the

‘sending station depends entirely upon the system

of selection used in addition to the number of se-
lections permitted by the type of thermionic de-
vice employed and the sensitivity of the asso-
ciated selecting relays. Ten push buttons have
been selected in the present instant merely for

the purpose of illustration as in some systems

of selection such as those employed in auto-
matic telephony, the decimal system of number-
ing is made the basis of the selection.

The points on the resistor 100 to which various
push buttons are connected is determined en-
tirely by the manner in which the thermionic
devices 114 to 123, inclusive, are connected, that
is, the push button 101 is so connected to the
resistor 100 that when it is depressed, the rela-

. tive proportions of the bridge are changed so as

4D

30

to bring about a zero potential difference be-
tween the fllament and the grid of the thermi-
onic device 123. Obviously the absolute value
of the resistance of this connection might vary
within a wide range. This variation is controlled
by the proportions of the resistor 100 that is
cut into the circuit to the resistor 113 and also
by the voltage of the battery employed. In a
like manner, the push button 109 is so connected
that the amount of resistance of the resistor
100 connecting into the circuit is such as to
balance the said selecting circuit with respect to
the thermionic device 122. The other push but-
ton connections are similarly made. Of course,
it is desirable that these various thermionic de-
vices be spaced in equal steps from each other
in order to maintain the proper differance of
selection. The potential of the point 140 to
which the multipled grids of the various thermi-
onic devices are connected is determined entire-
ly by the relative proportions of the resistor 100
and the resistor 113, a3 well as by the voltage of
the battery in this circuit.

In order to describe the operation of this se-
lecting circuit, it will be assumed that the oper-
ator at the sending station desires to bring about
the selection of the selecting relay 124 and its
associated registering relay 150. In order to
accomplish this result, the operator at the send-
ing station will depress the push button 101 after
operating the key K. By the operation of the key
K there is a circuit completed which extends
from battery relay 135, the resistor 113, conduc-
tor 111, springs of key K, spring 146 and its rest-
ing contact and conductor 112 to ground. The
potential at the point 140 depends upon the rela-
tive -value of the resistance of the line loop cir-
cuit comprising conductors 111 and 112 and the
resistor 113. It will be seen that the filaments
of the various thermionic devices 114 to 123, in-
clusive, are connected along the resistor 134.
The resistor 134 is connected directly across the
battery and there is a certain potential drop along

3

the resistor. There is thus a certain potential
impressed upon the filament of the various ther-
mionic devices which is different in the case of
each device. Since the resistor 134 is bridged
across the terminals of the same battery that
supplies current to the line loop circuit and the
resistor 113, there is an electrical potential dif-
ference impressed between the grid and filament
of various thermionic devices 114 to 123, inclu-
sive. It is to be noted that the potential im-
pressed upon the grids of all the various thermi-
onic devices is the same while the potential im-
pressed upon the fllaments vary. As a result of
this, the effective potential difference between
the filaments and the grids of the various ther-
mionic devices vary also. Under the present con-
ditions with none of the resistors 100 included
into the controlling circuit, substantially all the
potential drop occurs across the resistor 113 and
the potential at the point 140 is relatively high,
the potential impressed upon the various fila-
ments of the thermionic devices 114 to 123 all
being lower. All the selecting relays 124 to 133,
inclusive, are thus energized since the current
flow in their upper winding is greater than the
current flow in their lower winding, there being
a positive potential impressed upon all the vari~
ous grids and a greater current How in the out-
put circuits of the thermionic devices than nor-
mal when there is zero potential difference be-
tween the grid and the filament. The selecting
relays 124 to 133, inclusive, are energized to at-
tract their associated armatures whereby vari-
ous points in the circuits of the registering relays
150 to 159, inclusive, are opened. The operation
of the relay 135 serves to connect positive bat-
tery at armature 160 to the armatures of the
various selecting relays 124 to 133, inclusive.
Now, when the push button 101 is depressed a
certain portion of the resistor 100 is connected in
the control circuit since the spring 146 is moved
away from its resting contact by the operation
of the push button 101 in any well known or ap-
proved manner. By the introduction of this por-
tion of the resistor 100 into the control circuit,
there is zero potential difference between the
filament and the grid of the thermionic device
114. 'This is true since under these conditions,
the relation of the resistor 113 to that portion of
the resistor 134 extending to the filament connec-
tion of the thermionic device 114 is the same as
the relation of that portion of the resistor con-
nected into the circuit is to that portion of the
resistor 134 extending from the positive side of
the battery to the fllament connection of the
thermionic device 114. This relation is different
with respect to all the other thermionic devices
115 to 123, inclusive. Since there is now zero
potential difference between the filament and the
grid of the thermionic device 114 the current in
the plate or output circuit of this device becomes
normal. Consequently the current fiow in the
upper winding of the differential relay 124 is the
same though it flows in an opposite direction to
the current flow in the lower winding of this re-
lay and this relay is immediately deenergized.
All the other differential selecting rslays 125 to
133, inclusive, maintain their armatures at-

tracted. This is true because thz current flow
through their upper windings is different from
the current flow through their lower windings,
which merely compensates for the normal current
flow on zero voltage between the grids and the
filaments of the various thermionic devices. The
selecting circuit is now completed which extend.
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from ground by way of armature 160 and its front
contact, armature of the selecting relay 124 and
its back contact and relay 150 to battery. The
relay 150 is thus operated to establish a locking
circuit for itself through the conductor 161.
When the push button 101 is restored to normal,
the grid potential of the various thermionic de-
vices is again altered to what it was when the
key K was first operated and the selecting relay
124 again attracts its armature to open the point
in the original energizing circuit of the relay
150. The latter relay is not deenergized until the
key K is restored to normal at the sending sta-
tion thereby opening the circuit of the relay 135.

It will now be assumed that the operator at the
sending station desires to bring about the selec-
tion and operation of the registering relay 159.
Since this occurs under the control of the select-
ing relay 133, the operator at the sending sta-
tion will depress the push button.110. ‘As a result
of this operation, all of the resistor 100 is in-
cluded into the line or control circuit. The po-
tential at the point 140 is thereupon lowered to
a value determined by the proportion of the con-
trol circuit to the resistor 113 and the relay 135.
As a result of the operation of a push button 110
the constants of the selecting circuit are so
changed that the relation of the resistor 113 to
that portion of the resistor.134 extending to the
connection going to the filament of the thermionic
device 123 is the same. as the relation of the re-
sistor 100 to that portion of the resistor 134 ex-

- tending from positive battery to the filament

connection of the thermionic device 123 thereon.
This brings about the establishment of zero po-
tential difference between the grid and filament
of a thermionic device 123 whereby the current
flow in its plate or output circuit is brought to
normal. The relation of the. selecting circuit
with respect to.all the other thermionic devices
114 to 122, inclusive, is different and there is a
difference of potential in each instant between
the respective grids and filaments. . Since the
current flow in the plate or output circuit of the
thermionic device 123 is restored to normal, the
relay 133 is deenergized while all the other select-~
ing relays 124 to 132 are maintained with their
armatures attracted. There is a selecting circuit
now completed for the registering relay 159 which
extends from ground by way of armature 160 and
its front contact, armature of the relay 133 and
its back contact and relay 159 to battery., The

- registering relay 159 is energized to establish a

locking circuit for itself to ground upon con-
ductor 161.

It will now be assumed that the operator at
the sending station desires to bring about the
operation of the registering relay 154. In order
to accomplish this result, he will operate his
push button 105, after operating the key K. By
the operation of the key K, the relay 135 is
energized as are all the selecting relays 124 to
133, inclusive. The operation of the relay 135
serves to prepare such selecting. circuits as be-
fore., Now when the push button 105 is de-
pressed, a certain portion of the resistor 100 is

included in the control circuit and the potential

of the point 140 is again modified, so that there
is zero potential difference between the filament
and the grid of the thermionic device 118. This
follows since the relation of the resistor 113 to
that portion of the resistor 134 extending to the
point 170 at which the filament of the thermionic
device 118 is connected is the same as the rela-
tion of the conductors 111 and 112 including that

1,982,200

portion of the resistor 100 in the circuit is to the
portion of the resistor 134 extending from posi~
tive battery to the point 170. Since there is zero
potential difference between the grid -and the
filament of the thermionic device 118, the plate
or output current is altered so that it is normal
and the relay 128 is deenergized. -Since the po-
tential of all other filament connections are dif-
ferent the current flow in the output circuit of all
the other thermionic devices 114 to 117, inclu-
sive, and 119 to 123, inclusive, .are different than
normal and all relays 124 to 127, inclusive and
129 to 133, inclusive, maintain their armatures
attracted. A selecting circuit is'now completed

for operating the registering relay 154 which ex-

tends from ground by way of armature 150 and
its front contact, armature of selecting relay
128 and its back contact, and relay 154 to bat-
tery. The relay 154 is energized to establish a
locking circuit for itself and to close any other
selecting circuits such as that leading to an
annunciator or other indicating device, or in fact,
to cause any operation that is necessary or de-
sired. ' .
When the key K is released, the relay is-de-
energized and the selecting ecircuit restored to
normal. . B
In this manner any one of the selecting relays
124 to 133, inclusive, can be operated independ-~
ently of any other relay instantaneously. It will
be seen that under certain conditions, the cur-
rent flow in the output circuit of certain of the
differential selecting relays is less than the cur-
rent flow in their lower windings and it is some-

times the current flow in the lower windings that"

maintains the armatures of the relays attracted.

For the best operation, it is desirable that the’

various selecting relays be constructed. so that
they are as sensitive as possible, in order to make
a large number of selections at a given battery
voltage. Since these relays are differential re-
lays, it is also desirable that the winding be what
is known as twin windings; that is, the wires of
each winding being wound parallel on each relay.
This form of construction practically does away
with any danger of leakage effecting the opera-
tion. In fact by this construction, there is sub-
stantially no magnetic leakage.

Attention is directed to the fact that no . cur-
rent is consumed from the Wheatstone bridge
testing circuit by any of the thermionic devices
114 to 123, inclusive, and their associated select-
ing relays 124 to 133, inclusive. The operation
of this selecting circuit depends entirely upon a
variation in potential. ‘The amount of current
flowing through the resistor 113 and the con-
trol circuit extending to the sending station is of
no consequence except as it affects the potential
at point 140, This potential is not dependent
upon the absolute amount of current flowing in
the control circuit but is only dependent upon
the relative values of the resistor 113 and that
portion of the resistor 100 that is connected into
the circuit. This makes the selecting system very
flexible and any value may be given the resistors
113 and 100 as are found desirable, "The opera-
tion of the systeni isH¥ potential drop only. In
a like manner, the.value of the risistance 134 is
of no consequence since its only function is to
place varying potentials upon the filaments of

- the different thermionic devices and these poten-

tials are independent of current flow, depending
entirely upon the points along the resistor to
which the. filaments of the various triodes are
connected.
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The number of selecting devices that may be
operated independently of one another instan-
taneously over a single circuit is controlled en-
tirely by the voltage of the battery included in
the circuit of the resistor 113 and the control cir-
cuit and bridged across the resistor 134, the
amount of current that can be obtained from
the thermionic devices such as 114 that are em-
ployed and the sensitivity of the selecting relays
124 to 133, inclusive. The exact voltage differ-
ence impressed between the filaments and the
grids for performing-the selection, depends en-
tirely upon the sensitivity of the relay employed
for selection and the output capacity of the tube.
For example, with one type of thermionic de-
vice, it may be found that a difference of one
volt in grid potential will be sufficient to posi-

. tively bring about the operation of the various

- selecting relays, this one volt difference in poten-
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tial causing a considerable current change in the
plate or output circuit. Thus the voltage would
change from minus 5 volts to plus 5 volts which
gives a 10 volt variation and 10 stages of selec-
tion at intervals of one volt each.

Particular attention should be directed to the
fact that this selecting circuit is entirely voltage
operated and no current is consumed from the
control circuit. Thus, this selecting circuit is
ideal for operation over long lines. In addition,
the points along the resistor 100 to which the
various push buttons 101 to 110 are connected
may be separated by large values of resistance so
that any variation in line resistance will have no
effect on the circuit. The value of the resistor
100 is governed entirely by its relative value with
respect to the resistor 113.

Particular attention should also be directed to
the fact that as many more thermionic devices
may be added as is desirable simply by connecting
them in the same manner as shown. In this in-
stance, of course, the resistor 134 would be ex-
tended as would the resistor 100. However, in
this case, it is not necessary to change the setting
of any one of the selecting devices that are in
the circuit at the present time. This follows be-
cause there is no current used from the control
circuit.

Sometimes it may be desirable to operate a plu-
rality of these selecting circuits in parallel. In
this instant it will be assumed that it is desirable
to make the same selection to different points.
This condition very often arises in printing tele-
graph work. In this instance, of course, the same
operation is performed at different points. How-
ever, different operations may be performed as a
result of the operation of the second selecting
circuit if it is so desired. Since the thermionic
devices are responsive to a change in potential,
the addition of another set of selecting devices
connected in parallel with the one shown will
have no effect on the present circuit. When a
push button is depressed at the sending station,
the thermionic device and its associated selecting
relay that corresponds to this push button will be
operated to perform the proper selecting opera-
tion in both instances. In like manner as many
more selecting circuits in parallel with the one
shown may be used as is necessary or desirable.

It is also possible by so proportioning the rela-
tive values of the resistors 100 and 113 to add an-
other selecting circuit and its corresponding re-
sistors 113 and 134 to the control circuit without
an appreciable effect on the one shown.

It will thus be seen that this method of selec-
tion is particularly advantageous since it is ex-

5

tremely flexible and various selecting devices may
be employed without any interacting effect since
the whole operation is controlled by a change in
potential. It will be appreciated that this select-
ing operation is instantaneous as any one of an
infinite number of devices can be instantaneously
operated independent of the rest over a single
circuit in a highly positive manner. .

In Fig. 2 I have shown a preferred embodiment
of my invention in which a single thermionic
device is employed. However, while in this cir-
cuit a single thermionic device is employed and
the same general results secured, the system of
selection described in this figure is somewhat
more flexible and may be desirable in many in-
stances. .

Referring now to Fig. 2, it will be seen that the

80

resistors 213, 215, 214 and 200 together with the .

resistance of the line or control circuit compris-
ing conductors 211 and 212 comprise a Wheat-
stone bridge. The thermionic device 220 which
may be the usual type of vacuum tube is bridged
between the points 240 and 241. From this ar-
rangement it will be obvious that a positive or
negative potential difference can be applied be-
tween the grid and filament of the thermionic
device 220. By properly proportioning the rela-
tive values of the resistors 200 ahd 213 and 214
and 215, the range of variation of potential dif-

- ferences that may be applied between the grid

and fllament of the thermionic device 220 can be
made substantially anything that is desired. The
resistor 200 is connected to ten push buttons 201
to 210, inclusive, in such manner that when one
of the push buttons is depressed a certain amount
of the resistance 200 is included into the line or
control circuit. The points along the resistor
200 to which these push buttons are connected
is governed by the value of the desired potential
differences to be impressed between the grids
and filaments of the thermionic device 220. Ter.
selecting relays corresponding to the ten push
buttons 201 to 210, inclusive, are connected in the
plate or output circuit of the thermionic device
220. These ten selecting relays are the relays
225 to 234, inclusive. The relays 225 to 234, in-
clusive,; are of the differential type having two
windings, the current flow in one winding adapt-
ed to set up. a magnetic fleld that opposes the
current flow in the other winding. In order to
minimize leakage these relays should be con-
structed in the same manner as the relays 124
to 133 previously described, that is, with so-called
twin windings. It will be noted that the lower
windings of these relays are permanently enetr-
gized by being connected in circuit with the re-
sistor 235, each winding being connected at a
different point on the resistor. These connec-
tions determine that the current flow through
the lower windings of these relays alters in steps,
which for best operation should be equally spaced.
For example, if there are oné hundred mili-am-
peres of current flow through the lower winding
of the relay 225 and ninety mili-amperes of cur-
rent flow through the lower winding of the relay
226, the current flow in the lower windings of
the remaining relays should go down in ten mili-
ampere steps. It will be seen that the upper
windings of these selecting relays are all con--
nected in series, while the lower windings are
connected in what might be termed a parallel
arrangement. This arrangement is merely arbi-
trary and may be changed as desired depending
entirely upon which type of connection whether
series parallel combinations or parallel combina-
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tions give the best results in a given instance.
While the circuit has been shown as being con-
stantly supplied with batteries at all times, it
will be appreciated that a relay may be connected
in a manner similar to that shown in Fig. 1
to energize the bridge testing and selecting cir-
cuits in the same manner as before described.
In the circuit shown with the key K—1 in an
open position, it will be seen that there is a cer-
tain potential difference between the grid and
filament of  the thermionic device. This will
cause a certain current flow in the plate or out-
put circuit which includes the upper winding of
the selecting relay. This might be described as
the normal current flow. This current flow
should be different than the current flow flowing
in the lower winding in any of the selecting relays,
so that they will all remain energized at this
time. If necessary, one selecting spacé may be
left blank at this point of normal current flow
and another one added to make up the number
of stages of selection required. In this type of

selecting circuit, the points to which the push.

buttons 201 to 210, inclusive, are ‘connected are
so calculated with respect to the resistor 213 and
to the resistors 214 and 215 that the potential

“impressed between the grid and filament by the

operation of the push buitons in sequence are
such that the current flow in the output circuit
including the upper windings of the selecting
relay vary so that the current flow in the upper
winding of the first selecting relay 225 is exactly
equal to the current flow in the lower winding
of this relay and with the second push button
202 depressed exactly equal to the current flow
in the lower winding of the relay 226. When
these conditions are met, one of the selecting
relays will be deenergized whenever the corre-
sponding push button is depressed while all the
other selecting relays will remain with their
armatures attracted. These selecting relays may
complete circuits for registering relays in the
same manner as shown on Fig. 1 or may perform
any other desired selecting function.

In order to describe the operation of the select-
ing cireuit it will first be assumed that the oper-
ator at the control or sending station desires to
bring about the operation of the relay 225 in-
stantaneously and independent of any other of
the selecting relays. In order to accomplish this
result the operator at the control station will
depress the key K—1 which locks in position.
By this operation, there is a circuit completed so
that the Wheatstone bridge selecting circuit be-
comes effective. That is, as soon as the key K—1
is depressed there is a circuit extending from
positive battery to negative battery through the
resistor 213 and a certain potential difference is
impressed between the grid and the filament.
Until this time there is no potential between the
filament and the grid since there is no potential
upon the point 240 except the negative potential
of the battery. This potential brings about a
certain alteration in the current flow in the out-
put circuit of the thermionic device. However,
this current flow should meet the same require-
ments as the normal current flow meets, that is,
in none of the selecting relays should the current
flow in the upper windings under these condi-
tions be the same as the current flow in the lower
windings.

Now, when the operator at the sending station
depresses the push button 201, the springs 250
are opened and the resistor 200 has a portion of
itself included in the circuit. By this operation
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a certain potential difference is impressed be-
tween the filament and the grid because the elec-

trical potential at the point 240 is changed while .

the potential at the point 241 remains constant.
The difference between these two potentials
whether positive or negative places a positive or
negative potential difference between the fila-
ment and the grid and alters the current flow
in the output circuit of a thermionic device 220
so that the current flow in the upper winding
of the relay 225 is exactly the same and in oppo-
site direction to the current flow in the lower
winding of this relay. 'The relay. 225 is imme-
diately deenergized. Under these conditions the
current flow in the upper windings of the various
other selecting relays is the same as in the upper
winding of the relay 225, while the current flow
in the lower windings of the various other select-
ing relays are all different and the remaining
selecting relays 226 to 234 all maintain their
armatures attracted. A selecting circuit may be
completed by the deenergization of the relay 225
by way of armature 251 and its back contact to
accomplish any desired results. When the push
button 201 is released the control circuit is re-
stored “to normal and the selecting relay 225 is
again operated and maintains its armature in
the same energized condition as all the other
selecting relays.

It will now be assumed that the operator at

the sending station desires to bring about the.

selection of the selecting relay 234 independent of
any of the relays 225 to 233, inclusive. To ac-
complish this result, the operator depresses the
push button 210, As a result of this operation
the potential at the point 240 is again altered with
respect to the point 241, so that there is a certain
potential placed upon the grid of the thermionic
device and the current flow in the plate or out-
put circuit is altered so that the current flow
through the upper winding of the relay 234 is
exactly equal and opposite to the current flow
through the lower winding of this relay. The
relay 234 is immediately deenergized while the
other selecting relays 225 to 233, inclusive, being
unbalanced maintain their armatures attracted.

.The operation of the relay 234 brings about the

retraction of the armature 253 and the comple-
tion of a selecting circuit at this armature and

. its back contact which may be used to accomplish

any desired function. When the push button 210
is released the potential between the grid and
the filament of the thermionic device 220.is azain
altered as is the'current flow in the plate or out-

put circuit including the upper windings of the

selecting relays 225 to 234, inclusive. All the
selecting relays are immediately energized to at-
tract their armature, that is to say, the arma-
ture 253 is again atfracted and the armatures of

the remaining relays 225 to 233 remain. in the .

same condition as they were before. ‘
It will now be assumed that the operator at th
sending station desires to bring about the selec-
tion of the relay 229. In order to accomplish this
result, he will depress the push button 205. This
operation changes the potential tc point 240 so

that the current flow through the upper winding

of the relay 229 is exactly equal and opposite to
the current flow in its lower winding. In all the

other selecting relays 225 to 228, inclusive, and 14

230 to 234, inclusive, the unbalanced condition
prevails and . these relays maintain their arma-
tures attracted. The relay 229 retracts its arma-
ture 252 to complete a selecting circuit at its back
contact which may perform any desired function.
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When the push button 205 is released the normal
conditions of the circuit are restored with the
armatures of all the selecting relays energized.

In this manner it is possible to operate any
one of the ten selecting relays individually in an
instantaneous and positive manner by pressing
the corresponding push buttons at the sending
station. . ’

It will be obvious that as many stages of selec-
tion may be employed as is desired. In fact, the
number of stages of selection that may be made
in this manner is governed only by the voltage of
the battery in the Wheatstone bridge testing cir-
cuit, the capacity of the tube and the values of
the resistors such as 200, 213, 214 and 215 com-
prising the selecting circuits.

Since this selecting circuit is purely a poten-
tial operated device so far as the Wheatstone
bridge testing circuit is concerned, a plurality of
these thermionic devices such as 220 with their
associated selecting relays may be connected in
multiple between points 240 and 241 without
effecting the operation in any way except that
when one push button is depressed there will be

-corresponding operation in the selecting relays

associated with the various thermionic devices
that are connected between the points 240 and
241. Also because this selecting circuit is a po-
tential operated one the only function of the
resistor 200 and its associated push buttons is to

alter the potential of the point 240. So depend-

ing upon the relative values of the resistor 213
and the resistor 200 and its associated control
loop the points of the resistor 200 to which the
push buttons 201 to 210, inclusive, are connected
may be a$§ widely separated as desired, so that
any change in resistance in the line loop brought
about by the natural changes that always occur
will have no effect upon the selecting operation.
Of course, it is possible to connect other resistors
and similar push buttons in parallel with the re-
sistor 200 and the push buttons 201 to 210, inclu-
sive, at different points to control the selecting
circuit. The selecting circuit may then be con-
trolled separately from the different points in
the same manner as already described. Of
course, it is also possible to accomplish the same
results with respect to the selecting circuit shown
in Fig. 1.

It will be appreciated also that more selecting
relays may be employed in the output circuit of
the thermionic device 220 without effecting the

‘resistance connections for the push buttons 201

to 210, inclusive. It being only necessary to add

- more resistors to bring about the proper current

flow in the output circuit for the additional relays.
The reason that more relays can be added in this
circuit without effecting the operation of the
other relays is because of the very high impedance
of the tube as compared with the impedance of
the relays.

While the resistor 235 connects and limits the.

current flow in the windings of the selecting re-
lays in Fig. 2, it will be understood that it is

; probably most desirable to employ separate re-

sistors of the proper value in the lower winding

of each relay. When separate resistors are em-

ployed in the lower winding of each relay, other
relays may be added in the circuit without any
effect, though with one resistor employed, the ad-
dition of other relays drawing current through the
one resistor reduces the amount of current flow-
ing in the lower windings of the other relays
proportionately, For this reason, it is desirable to
employ a separate resistor in series with the lower

7

winding of each relay. Similarly resistor 134 of
Fig. 1 may also be composed of separate individ-
ual units if desired. ‘ .

In the circuit shown in Fig. 1, it will be seen
that in order to bring about the proper selection,
the Wheatstone bridge selecting circuit is bal-
anced so that there is zero potential difference
between the filament and the grid, while in the
circuit shown in Fig. 2, no balance occurs. In
the selecting circuit of Fig. 2, it is only necessary
to bring the potential between the grid and fila-
ment of the triode 220 to the proper value in
order to bring about the desired selection. That
is, during the various steps of selection, the cir-
cuit is unbalanced at all times. Since the cir-
cuit shown in Fig. 2 is governed merely by the

potential of the point 240, the resistors 214 and .

215 in the above circuit may be entirely elimi-
nated since it is possible to control the potential
of the point 240 with respect to the battery simply
by means of the resistor 200 and its associated
push buttons.

In this instance, the connection between the
terminals 263 and 264 would be removed and the
terminal 263 would be connected to the terminal
265. In addition, the connection between the
terminals 261 and 262 would be opened. Since
the filament of the thermionic device 220 is con-
nected to the positive terminal of the exchange
battery which supplies energy to the control cir-
cuit, the potential of the point 240 with respect
to the positive terminal of the battery will con-
trol the electromotive force impressed upon the
grid of the thermionic device. The selecting cir-
cuit then no longer constitutes a Wheatstone
bridge circuit, but is merely one in which the po-
tential of the point 240 is altered. The opera-
tion of the selecting system in this instance is
identically the same as that that has been de-
scribed heretofore. The selecting relays 225 to
234, inclusive, having the current flow in their
lower windings modified so that upon the differ-
ent potentials impressed between the filament
and the grid, there will be a balance obtained in
a particular one of the selecting relays while all
the other relays will be unbalanced. The poten-
tial of the point 240 is governed merely by the
relative values of the resistor 213 and the portion
of the resistor 200 that is connected into the con-
trol circuit comprising the conductors 211 and
212. The range of potential variation with re-
spect to the point 240 is, of course, governed by
the characteristics of the thermionic device 220
in an obvious manner. It will be seen that in
this aspect of the invention, no balancing occurs
at all. The electromotive force impressed upon
the point 240 being the determining factor as it
controls the amount of current in the output cir-
cuit of the thermionic device 220. In the pre-
vious form of the invention shown in Fig. 1, it
was necessary to balance a bridge, while the pres-
ent selection is obtained as a result of a variation
in potential. )

In order to make the maximum number of se-
lections over a single circuit by using the select-
ing circuit shown in Fig. 2, it is desirable that
the differential selecting relays 225 to 234, inclu-
sive, be as sensitive as possible, so that they will
maintain their armatures attracted on a small
current unbalanced in their two windings. Bet-

ter operation of these relays may also be secured
if their cores are lJaminated. )

It will be seen that the selecting system just
described whereby it is possible to select a defi-
nite one of an infinite of selecting devices instan-
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taneously and positively ovef a single circuit by
means of potential variation in response to a mod-
ification in an electrical characteristic of the cir-
cuit is one capable of wide use in the selecting
art. It will be obvious to those skilled in the va-
rious arts where the same may be advantageously
applied.

Attention is directed to the fact that in Fig. 1
the method of selection consists in setting up in
a plurality of relays 225-234 opposing electromag-
netic forces and varying one of these forces,
namely the forces produced by the relay coils that
are in series with the plate circuit, to produce a
balanced condition in the relay that it is desired
to select. This is not exactly true in Fig. 2 since
only the potential of the grid and filament cir-
cuits of the thermionic device 220 is controlled
and this is accomplished by means of & variation
in electrical potential between them. However,
in this selecting circuit including the selecting re-
lays, the method of selection consists of setting
up the opposing forces as before.

Attention is also directed to the circuit of Fig.
2 wherein it will be appreciated that the filament
of the thermionic device might be connected to
an intermediate point on the battery instead of
to its positive terminal. This is determined by
the range of operation of the tube and the range
of variation of electromotive force applied to the
point 240.

It will be understood that while I have de-
scribed certain specific embodiments of my inven-
tion that many changes, modifications, depar-
tures and deviations may be made without de-
parting from the spirit and scope thereof, and 1
desire to protect by Letters Patent all such
changes, modifications, departures and deviations
as come within the scope of the appended claims.

I claim:—

1. In a selecting system, a plurality of differen-

_tial relays, each having a plurality of windings, a

multi element thermionic device associated with
each relay, means for setting up equal potential
differences between two elements in each of said
devices, said means including a circuit extending
through a second winding of the associated relay,
a local circuit closed through a second of the
windings of each relay to magnetize it, a circuit
common to said devices, means for closing said
circuit, and means controlled over said circuit for
appolying an electrical potential to a third element
of each of said devices while said common cir-
cuit remains closed to cause a predetermined one
of said devices to pass sufficient current through
the first winding of the associated relay to bal-
ance the magnetization produced by the current
in the Iocal circuit of the relay and thereby effect
an independent operation of that relay.

2. In a selecting system, a plurality of three
element thermionic devices, a relay connected be-
tween two elements of each of the devices, means
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for establishing a potential difference between
each of said two elements of that device, means
for applying a potential to the second elements of
said devices which potential is different for each
device, means for simultaneously applying a po-
tential to the third elements of said devices, said
potential balancing the potential on the second
element of one of said devices to operate its relay
to make a selection.

3. In a selecting system, a plurality of ther-
mionic devices each having a filament, a grid and
& plate, a differential relay for each device having
one winding connection to the plate of the de-
vice, means for energizing the second windings of
said relays to unvarying strength, said first and
second windings being proportioned to balance
each other magnetically when the grid of the
associated device is adjusted to zero potential with
respect to its filament, means for applying a dif-
ferent potential to the filament of each device,
and means for applying the same potential to all
of said grids simultaneously to thereby bring the
potential of one of them to zero difference with
respect to its filament,

4. In a selecting system, a fixed resistance, a
variable resistance, a battery, a pair of line wires,
a line circuit extending from one pole of said bat-
tery serially through said fixed resistance, the
first of said line wires, said variable resistance
and the second of said line wires to the opposite
pole of said battery, a plurality of selective de-
vices, an open circuit connection from said de-
vices to the junction of said fixed resistance and
first line wire, means for closing said line circuit,
means including said variable and fixed resist-
ances for altering the potential gradient in said
line circuit to thereby impress a certain potential
on said open circuit, and means responsive to the
presence of that potential on said circuit for
operating one of said selective devices.

5. In a selecting system, a relay, a fixed resist-
ance, a variable resistance, a battery, a pair of
line wires, a line circuit extending from one
pole of said battery serially through said relay,
said fixed resistance, the first of $aid line wires,
said variable resistance and the second of said
line wires to the opposite pole of said battery,
a plurality of selective devices, an open circuit
connection from said devices to the junction of
said fixed resistance and first line wire, means
for closing said line circuit, means including said
variable and fixed resistances for altering the
potential gradient in said line circuit to thereby
impress a certain potential on said open circuif,
means responsive to the presence of that poten-

‘tial on sald circuit for operating one of said

selective devices, and means controlled by said
relay for maintaining said selective device
operated,

JOHN E. GARDNER.
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