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CHARLES G. MILLER, OF MONTCLAIR, NEW

JARSEY, ASSIGNOR TO AMERICAN TELE-

PHONE AND TELEGRAPE COMPANYV, A CORPORATION OF NEW YORK

SIGNALING SYSTEM

Application filed January 15, 1827. Serial No., 161,436,

This invention relates to signaling systeins
wherein signaling is accomplished by elec-
trical impulses varying in polarity and
strength and has for its object to increase the
weeuracy with which said signals are received
and recorded over long lines.

In accordance with the present invention,
a thermionic amplifier is employed at the
receiving station, having a plurality of relays
connected in series with 1ts plate element,
which relays are variably responsive to po-
tentials applied to the grid element of the am-
plifier.

More specifically, the relays are differen-
tially wound and are polarized or marginal in
operation, and the potentials are applied to
the grid element by means of an automatically
operable sender at the distant office.

In the present disclosure the invention has
Leen applied to a telephone system, although
it is applicable to other forms of signaling.
Where both manual and machine switching
offices exit in the same exchange area, it is
customary to employ a relay call indicator at
manual offices to record the number of the
wanted subscriber. This indicator is usual-
ly controlled by a pair of polarized relays
and a marginal relay which are, in turn, op-
erated by impulses of current flowing over
the inter-oflice trunk. The strength and di-
yection of current flow and the order in which
the impulses are sent out are controlled by a
sender at the machine switching office. In
large exchange areas the inter-office trunks
may be of considerable length so that the re-
cistance and capacity of the trunks may re-
duce the current strength and retard the im-
pulses o such an extent as to fail to operate
the control relays properly or to require the
use of a tandem office.

The srrangement embodying the present
invention leads to increased accuracy in two
ways: The circuits are so arranged that the
signaling takes place by changes in potential
rather than changes in current; and the use
»# differentially wound relays renders the
voltage variation doubly effective on the
control relays.

‘Tt is believed that the invention will be
more clearly understood from a considera-

tion of the following description in connec-
tion with the drawing which discloses as
much of a machine switching office and a
manual office as necessary for setting forth
the invention.

When the subscriber at substation 100 in a
machine switching office desires a connec-
tion with the subsecriber at substation 101,
located in a manual office, he will operate his
dial in accordance with the called number
in the same manner as though he were calling
a subscriber in his own office. The sender
110 will be associated with his line and the
dial impulses will be recorded on a plurality
of registers in the sender. The sender will
then function to control the-operation of dis-
trict selector 102 and office selector 103 to se-
leet a trunk outgoing to the manual office in
the well known manner. In accordance with
the usual practice the class sequence switch
indicated by the rectangle 104 will be posi-
tioned to control the action of the sender in
extending the call to a manual office. In ad-
dition, if the called office is one at a consider-
able distance so that the equipment embody-
ing the present invention, will be used, the
class sequence switch will be positioned to
connect resistance 105 across the puising con-
ductors.

Following the selection of the distant of-
fice, and the response of the operator at the
called office, a civcait will be closed from
ground in the sender control circuit through
the class switch to operate the impulser se-
quence switch 106. The pulsing circuit is also
established at this time. As the sequence
switch rotates, it alternately connects the
positive and negative terminals of the central
office battery to the tip conductor of the trunk
under the control of the registers. For exam-
ple, in position 2 of sequence switch 106 the
grounded positive terminal of battery is con-
nected over the lower contact of sequence
switeh cam 107, upper contact of cam 108, to
the tip conductor, and the negative terminal
of the battery is connected through low re-
gistance 109 and high resistance 111, over
the upper contact of cam 112, upper contact
of cam 118, to the ring conductor producing
what is known as a light negative impulse.
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At the same time a circuit is extended through
low resistance 109, and the upper contacts of
cam 114 to the stations register, the setting
of which determines whether or not the circuit
shall be completed through to the upper con-
tact of cam 112 in shunt of high resistance
111. If this shunt circuit is completed the
impulse becomes heavy. Similar circuits are
closed in the even positions of the sequence
switch. ¥n the odd positions the negative
terminal of battery is connected to the tip
conductor producing a positive impulse, only
if the register setting completes the connec-
tion. The shunt cannot be closed in the odd
positions. It is customary in such circuits to
use a voltage of approximately 50 volts, a
low resistance of the order of 50 ohms and a
high resistance of the order of 6500 ohms.
Resistance 105 is about 2000 ohms, hence the
current flow in the local circuit varies from 5
milliamperes for a light impulse to 25 milli-
amperes for a heavy impulse and the potential
across the trunk conductors varies from 10
volts for a light impulse to 47 volts for a heavy
imf:ulse. For a complete disclosure of the im-
pulser switch and the manner of controlling
the strength and polarity of the impulses as
heretofore used, reference is made to United
States Patent 1,689,402 to O. H. Kopp, grant-
ed June 22, 1926,

At the called manual office, the response of
the operator causes the operation of relay 115,
which connects the tip and ring conductors of
the inter-office trunk through to the receiving
apparatus. The receiving apparatus at this
office consists of two polarized relays and a
marginal relay controlled by an amplifier
made up of a pair of electron discharge de-
vices. These tubes have the usual cathode,
anode and control electrode. The cathode is
heated in any suitable manner, in the pres.
ent disclosure in a circuit including a battery
116 and resistance 117. The grid or control
elements of the tubes are connected to the tip
and ring conductors of the inter-office trunk
and are connected together by means of an ex-
tremely high resistance 124. This resistance
has a value of approximately 100,000 ohms
and the midpoint thereof is connected to the
filaments completing the input circuit. Bat-
teries 136 and 138, with resistances 137 and
139, are used in the usual way to give the grids
a negative bias and to reduce the normal cur-
rent flowin the plate circuits to a desired niin-
imum. Relay 118 is polarized so as to attract
its armature only in response to positive im-
pulses, while relay 119 is polarized to respond
only to negative impulses and relay 120 re-
sponds only to the heavy impulses caused
when the high resistance 111 is short cir-
cuited.

The three relays are differentially wound
and have both windings normally energized
so that no force is exerted on their armatures.
The left windings of the relays are energized
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in a circuit from the positive side of the bat-
tery 121, left windings of relays 118, 119 and
120, plate and filament of tube 122, to the neg-
ative side of battery, while the right wind-
ings are energized in a circuit from the posi-
tive side of battery 121, right windings of
relays 118, 119 and 120, plate and filament
of tube 123, to the negative side of hattery 121.

When the impulser switch 105 is operated
to send out impulses over the inter-office trunk
circuit, it is obvious that the current flow
over the trunk circuit and through resistance
124 is negligible varying from .1 to .4 milli-
amperes. The potential drop across the trunk
conductors thercfere is largely independent

.of the resistance of the inter-oifice trunk, the

addition of 6,000 ohms in the inter-office trunlk
reducing the potential by less than 1/10 of a
volt.

The application of this difference in po-
tential to the grid electrodes of the tubes 123
and 122 causes a change in the drop in poten-
tial between the grid and filament of each
tube which will be in opposite directions in
the two tubes. For example, if a negative
potential is applied to the grid of the tube
123, and ground to the grid of tube 122, the
potential of the grid of tube 123 will be made
more negative, whereas the potential of the

grid of tube 192 will be less negative than ¢

before. According to the well-known oper-
ation of vacuum tubes it will result that the
space current flow in tube 123 will be de-
creased while the space current flow in tube
122 will be increased. In consequence, the
flow in the left windings of relays 118 to
120 will be increased while the current in
the right windings will be decreased. They
will, therefore, exert a force on their arma-

tures. Due to the polarization of relays 118 -3

and 119, only relay 119 will atéract its arma-
ture in response to such a negative impulse.
If high resistance 111 is shunted by the reg-
ister, the potential difference across the trunk
conductors will be increased so that the effect
of the grid elements will be greater and the
marginal relay will attract its armature.

If, for example, negative potential is ap-
plied at the sender over the tip conductor

of the interoffice trunk to the grid of the 32

tube 122 and ground potential is applied over
the ring conductor of the trunk to the grid
of the tube 123, the potential of the grid of
tube 122 will be made more negative, where-
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as the potential of the grid of tube 123 will 2%

be made less negative than before. As a re-
sult the space current flow in tnbe 122 will
be decreased while the space current flow in
tube 123 will be increased. In consequence

the current flow in the right windings of

relays 118 to 120 will be increased while the
current flow in the right windings will be
decreased and due to the polarization of
relays 118 and 119 only relay 118 will attract
its armature.
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Relay 119 in operating, controls a relay
combination 126 and 127 which, in turn, con-
trols the transfer relays 128 to 131 which
render the registers of the call indicator suc-
cessively effective. Relav 118 determines the
operation of relays 132 and 133 while mar-
ginal relay 120 determines the operation of
relays 134 and 185. These relays when oper-
ated in various combinations cause the light-
ing of one of the numbered lamps. ‘When
the indicator registers have all been posi-
tioned, one lamp for each register will be
lighted, displaying the cailed number to the
operator. Relay 115 will be released at this
time and the insertion of plug 136 in jack
187 will complete the connection to the called
subseriber.

For a detailed description of the operation
of relays 126 to 185 together with the re-
maining transfer relays and indicator regis-
ters, reference is made to United States Pat-
ent 1,464,084 to A. E. Lundell et al, granted
August 7, 1923. '

The present invention is an improvement
over former arrangements in the case of long
inter-office trunks in a number of different

ways. For example, under the worst resist--

ance conditions likely to be encountered in
practice, the minimum voltage for a heavy
impulse is several times the maximum volt-
age for a low pulse so that there 1is
a_ wider margin for adjustment of the
marginal relay. The pulsing circuit at
either end is non-inductive and the current
flow in the inter-office trunk is small, where-
fore the effect of the inductance and capacity
in the line itself is minimized. Furthermore,
the inclusion of the control relays in local
circuits permits the use of high resistance,
high speed relays with the result that recep-
tion is more accurate. These advantages cul-
minate in the possibility of using longer
trunks without having to resort to tandem
operation.

What is claimed is:

1. In a signaling system, a thermionic am-
plifier, a plurality of relays the windings of
which are connected to the plate element of
said amplifier, and means to variably oper-
ate said relays by impressing a potential
of variable polarity and variable strength
upon the grid element of said amplifier. ,

2. In a signaling system, a thermionic am-
plifier; a plurality of polarized relays the

windings of which are connected fo the plate

element of said amplifier, an automatically
operable potentiometer associated with a di-
rect current source and means to variably
operate said relays by varied operation of
said potentiometer impressing potentials of
variable polarity upon the grid element of
said amplifier.

3. In a signaling system, a thermionic am-
plifier, a plurality of relays the windings of
which are connected to the plate element of

3

‘said arhplifier, one at least of sald relays

being marginal, and means to variably oper-
ate said relays by impressing potentials of
variable polarity and variable strength upon
the grid element of said amplifier.

4. Tn a signaling system, a thermionic am-
plifier, a plurality of polarized and marginal
relays the windings of which are connected
to the plate elements of said amplifier, and
means to variably operate said relays by im-
pressing potentials of variable polarity and
variable strength upon the grid element of
said amplifier.

5. In a signaling system, a thermionic am-
plifier, a plurality of differentially wound
relays the windings of which are connected
to the plate circuits of said amplifier, means
to impress a potential upon the grid circuits of
said amplifier to cause a change in the cur-
rent flow in both windings of said relays, and
means to vary the polarity and strength of
Taid potential for variably operating said re-
ays. - .

6. In a signaling system, a thermionic am-
plifier, a plurality of differentially wound
polarized relays the windings of which are
connected to the plate circuits of said ampli-
fier, and a variable automatically operable
potentiometer associated with a direct current
source arranged to impress potentials upon
the grid circuit of 'said amplifier to cause a
change in the current flow in both windings
of said relays.

7. In a signaling system, a thermionic am-
plifier, a-plurality of differentially wound re-
lays the windings of which are connected to
the plate element of said amplifier, at least
one of said relays being marginal, means to
impress a potential upon the grid circuit of
said amplifier to cause a change in the current
flow in both windings of said relays, and
means to vary the polarity and strength of
said potential for operating said relays.

8. In a signaling system, a thermionic am-

plifier, a plurality of differentially wound 1

polarized and ‘marginal relays, the windings
of which are connected to the plate circuits of
said amplifier, means to impress a potential
upon the grid circuits of -said amplifier, to

cause a change in the current flow in both -

windings of said relays, and means to vary
the polarity and strength of said potential
for operating said relays. .

9. In a telephone system, a plurality of
offices, interoffice trunks of different resist-
ance interconnecting said offices, variably op-
erable apparatus at one office’ controllable
from a second office over said inter-office

trunks, means at said second office for auto- :

matically impressing potentials of variable
strength and polarity on the inter-office trunk
and means at said first office effective regard-
less of trunk resistance for causing substan-

tially the same current flow in said apparatus "~
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for potential of any given strength and po:
larity.
10. In a telephone system, machine switch-

ing offices, a manual office, 1nter0ﬂice trunks of-

different resistance mterconnectlnw -said of-
fices, a call indicator at-said manual office
operablé from any of machine switching of-
fices over said inter-office trunks, means at
said machine switching -offices for automati-
cally impressing potentlals of variable
strength and polarity on any of said inter-
office trunks and means at said manual office
for operating said indicator in accordance
therewith effective regardless ‘of trunk re-
sistance for causing ‘substantially the same
current flow in said apparatus for potential
of an¥ given strength and polarity.

11. In a telephone system, machine switch-
ing offices, a manual office, interoffice trunks
of different resistance interconnecting said
offices, a relay call indicator- at said manual
office, a plurality of relays for controlling
said indicator operable from a machine
switching office’ over an inter-office trunk,
means at the machiné switching offices for
automatically impressing potentials of vari-
able strength and ‘polarity’ on any of the
inter-office trunks and means’at said manual
office responsive to said variable potentials
for operating said relays, said means being
effective regardless of trunk resistance for

causing substantially the same current flow -

m the windings of said relays for potential
of any given strenoth and polarity impressed
upon the conductors of said trunics.

12, In a telephone system; machine switch-
ing offices, a manual office; a relay call indi-
cator at said manual office, a plurality of
relays for controlling said indicator operable
from a machine switching office over an inter-
office trunk, and means comprising means at
the madchine switching office for automati-
cally impressing potentials of = variable
strength :and  polarity on- the inter-office
trunk, a thermionic amplifier at said manual

office having said relays connected to the-

plate element of said amplifier and means for
1mpressing said variable potentials on the
grid element of said amplifier, whereby said
indicator is controllable over long inter-office
trunks.

13. In a telephone system, ‘machine switch-
ing offices, a manual office, a relay call indi-
cator at-said manual office, a pliurality of re-

5 lays for controlling said indicator operable

from a machine switching oﬂﬁce over an inter-

office trunk, and means comprising ‘means at

the machine switching officé’ for automati-
cally’ impressing potentials of ' variable
strength ‘and polarity on  the inter-office

trunk, a thérmionic amplifier at'said manual

office hang a plurality' cof - differentially
wound relays connected to the plate elements
of said amplifier and means for impressing
said variablé potentials bn the grid-elements
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of said amplifier, whereby said indicator is
controllable over long interoffice trunks.

14. In a telephone system, machine switch-
ing offices, a manual office, a relay call indi-

cator at said manual oflice, a plurality of re-
lays for controlling said mdicator operable
from a machine sw Jt**lnn«r office over an inter-
office trunk and means compri ising means at
the machine switching office for automatically
impressing poteutula, of variable strength
and polarity on the inter-oflice trunk, a pair
of thermionic amplifiers at said manual office
having a plurality of Luﬂumtiaﬂy wound
1e]ays connected to the plate elements there-
of, and means to impress said varizble poten-
tials on the grid elements of said amplifiers
to cause a chan(re in the current flow in both
windings of said relays, to operate said indi-
cator, whereby said indicator is controllable
over long inter-office trunks.

15. In a signaling system, lines of different
resistance, means for automatically im; )1@&5-
ing potentials of variable strength and pola
1ty on any of said lines, a bridge associ 1bk
with said lines of such resi stance that the re-
sistance of the longest line is negligible by
comparison, : pp‘uatus connected electrically
with said bridge, and means including said
bridge effective regardless of line resistance
ior causing Subsmntm]lv the same current
flow in said apparatus for p(,tentm] of any
given strength and polarity.

16. Ina sgnqhng system, lines of different
resistance, an automatically adjustable poren-
tiometer associable with one end of said lines
a bridge associable with the alternate end o l,
said lines of such resistance that the vesist-
ance of the longest line is negligible by com-
parison, apparatus conne ccted dutuaa]lv
with said bridge, means to variably oper ate
sald apparatus by varied adjustments of said
potentiometer impressing potentials of vari-
able polarity and strength upon said bridge
over any of said lines, and means 1n~1u<hno
said bridge effective regardless of line re-
sistance for causing substantml]x« the same
current flow in said apparatus for potential
of anv given strength and polarity.

In a smnahn” system, lines 0{ different
1'651stance, means for automatically impress-
ing potentials of variable strength and polar-
1ty on any of said lines, a br ulﬂe asgociable
with said lines of such resistance that the re-
sistance of the longest line is negligible by
comparison, a plur ahty of relays o]umc‘vlh
connected with said bridge, and means in-
cluding’ said bridge effective regarvdless of
line resistance for causing substantially the
same current flow in said le‘ays for potential
of any given strength and polarity for selec-
tively operating said relays.

18. In a signaling system, lines of different
resistance, means for automa atically impress-

at
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-ing potentials of variable strength and polar-

ity on any of said lines, a brldwe associable
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with said lines of such resistance that the re-
sistance of the longest line is negligible by
comparison, polarized and marginal relays
electrically connected with said bridge, and
means including said bridge effective regard-
less of line resistance for causging substan-
tially the same current flow in said relays for
potential of any given strength and polarity
for selectively operating said relays.

19. In a signaling system, lines of different
resistance, a bridge associable with one end
of said lines of such resistance that the re-
sistance of the longest line is negligible by
comparison, a thermionic amplifier connected
with said bridge, a plurality of polarized
and marginal magnetically operable devices
connected to.the plate element of said ampli-
fier, means for antomatically impressing po-
tentials of variable strength and polarity on
any of said lines which, because of said bridge
and amplifier, are effective regardless of line
resistance for causing substantially the same
current flow in said magnetically operable
devices for potential of any given strength
g5 and polarity for selectively operating said

devices.

20. A signaling system, a plurality of sta-
tions, lines of different resistance inter-con-
necting said stations, means for automati-

g0 cally impressing potentials of  variable
strength and polarity on lines at certain of
said stations, thermionic amplifiers, and
bridges electrically connected with said ther-
mionic amplifiers and associable with lines at
35 other said stations, of such resistance that the
resistance of the longest line is negligible by
comparison, effective regardless of line re-
sistance for causing substantially the same
current flow in said thermionic amplifier for
4o Potential of any given strength and polarity.

In testimony whereof, I have signed my
name to this specification this 14th day of
January, 1927.

CHARLES G. MILLER.
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