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UNITED STATES

1,895,542

PATENT OFFICE

RALPH W. DEARDORFF, OF SEATTLE, WASHINGTON, ASSIGNOR TO AMERICAN
TELEPHONE AND TELEGRAPH COMFANY, A CORPORATION OF NEW YORK

PILOT CHANNEL >INDICATING SYSTEM

Application filed September 25, 1928, Serial No. 308,260.

This invention relates to alternating cur-
rent signaling systems, and particularly to
means for indicating variations from normal
of the current of a pilot channel transmitted
over such systems,

In the operation of carrier or radio sig-
naling systems employing one or more re-
peaters between the terminals thereof, it is
customary to fransmit a single frequency
wave together with the signaling waves, the
single frequency wave being known as a pilot

channel. The pilot channel serves as an index’

of line conditions that affect the transmis-
sion of signals. The frequency of the pilot
channe] is so chosen with respect to the fre-
quency of the signaling waves that any varia-
tion of line conditions that atfect it will, in
like manner, affect the signaling channels
that operate simultaneously with the pilot
channel over the same line. Asis well known,
the signaling waves in a carrier system are
side bands produced by the modulation of a
carrier frequency by the low frequency sig-
nal that it is desired to transmit. The pilot

channel may be either of a frequency that is

outside of the range of the frequencies being
transmitted, or one of the carrier frequencies
may be chosen and used as a pilot channel.
For the purpose of describing this invention,
I will assume that one of the carrier fre-
quencies is employed as the pilot channel.

This invention resides in part in a method
and means for indicating variations from
normal of the current representing the pilot
channel. :

Another object of the invention is to pre-
vent the operation of the indicating appara-
tus, or at least a part of it, when the departure
from normal of the said current is not of a
sustained character.

Other objects of the invention will be ap-
parent from the following description when
read in connection with the attached draw-
ing showing schematically a form of embodi-
ment of the invention.

In the drawing, A. and B represent two car- -

rier terminal stations adapted for the trans-
mission and reception of signals by means
of carrier currents over the line extending
between the statiops. This line has inserted

in it a repeater station C, which, in the form
shown, comprises hybrid coils and repeaters
D and E, the purpose of which is to amplify
the currents being transmitted from A to B,
and vice versa. The direction in which the
currents pass through each repeater is in-
dicated by the arrow.” Bridged across the out-
put side of repeater D is an indicating circuit,
the purpose of which is to show variations
from normal of the transmission level of the
pilot channel established upon the line ex-
tending between A and B. This indicating
circuit includes a selecting circuit which is
made up of the windings of the transform-
er 1 and the condensers 2 and 3 which may be
either fixed or variable. The selecting cir-
cuit is connected with the input side of the
vacuum tube rectifier 4. The plate of this
rectifier is connected with the ratio arm 5 of
a Wheatstone bridge network. The other ra-
tio arm 6 of this network is connected with
the plate of the tube 7 which should have sub-
stantially the same characteristics as tube 4,
inasmuch as the sole IElurpose of tube 7 is to
balance tube 4. The filaments of both tubes
are energized by the source 8 which is con-
nected with the said filaments through the
resistance 9 and the resistance network 10.
A potentiometer 11, consisting of a resistance
and a battery, serves to keep the grid of the
tube 4 at such a potential that when an alter-
nating current representing the normal pilot
current is applied to the grid of tube 4, the
Wheatstone bridge network will be balanced,
and the alarm apparatus connected across the
outer ends of the ratio arms will not operate.
A source of plate voltage 12 is connected
through the resistance 13 with the junction
point of the ratio arms. A marginal relay 14
1s connected in series with the galvanometer
G in the branch of the Wheatstone bridge cir-
cuit that extends-across the outer ends of the
ratio arms 5—6. This marginal relay, when
it closes its right-hand contact, shunts the
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winding of relay 15 which, by the releasing 95

of its armature. operates the buzzer 16,T
thereby giving an indication that the pilot|
current is abnormally high. When the arma-V
ture of relay 14 touches its left-hand contact,
it closes a circuit through relay 17 which at-
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tracts its armature, and if the departure of the
pilot current from normal continues a prede-
termined length of time, will cause the opera-
tion of the time relay 18. This will produce

‘the operation of an indicating device 19,
‘thereby showing that the pilot channel has
-fallen to a predetermined lower level. These
indications of an abnormal rise or fall in the

magnitude of the pilot channel will lead the
repeater attendant to make suitable adjust-
ment of the repeaters D and E at his station,
so that the signals being transmitted over the
line will be given the required amount of am-
plification.

The manner in which this system operates
will require only a brief amplification of the
foregoingdescription. Let it be assumed that
carrlersignalsrepresenting the modulation of
carrier frequencies by signal frequencies are
being transmitted over the line between
A and B. Let it further be assumed that the
carrier frequencies are also being transmitted
together with the side bands, and that those
carrier frequencies are employed for the ac-
tuation of the ringing apparatus at the car-
rier terminal stations. That is to say, if sta-
tion A desires to ring station B, it will do so
by the interruption of a carrier frequency
inaccordance with a definite code whereby the
apparatus at station B will respond. It is
desirable to bring out that feature, because
when a carrier frequency upon such a sys-
tem is also employed.as a pilot channel, it
is not only desirable but necessary that the
alarm apparatus at a repeater station or a
terminal station will not respond to the fall-
ing off of the carrier current when an mter-
ruption, caused by the sending of ringing
impulses, takes place. Let it be assumed
that a carrier frequency has been selected as
a pilot channel, and that ringing impulses or
interruptions are not taking place. Accord-
ingly, carrier current will flow from station
A to station B, and it will be amplified by
the repeater D at station C. Since the tuned
circuits 1—2 and 1—3 at the repeater station
are adjusted for that carrier frequency which
has been selected to function as the pilot
channel, current of that frequency will flow
into the indicating circuit and will be applied
to the grid of the tube 4. If the Wheatstone
bridge circuit has been balanced previously
by the adjustment of the potentiometer 11
and by the proper proportioning of the fila-
ment current, no current will flow through
the arm containing the galvanometer G and
the winding of relay 14 when the normal
carrier current is applied to the grid of the
tube 4. If the line conditions between the
terminal station A and the repeater station
C are such that the pilot channel current,
after being amplified by D, is above normal,
the Wheatstone bridge network will be un-
balanced by the flow of an abnormal current
from the plate to the filament of the tube 4,

and relay 14 will move its armature to its
right-hand contact. This shunts the wind-
ing of the normally energized relay 15.
Upon the falling back of the armature of the
last mentioned relay, the circuit through the
alarm device 16, represented as a buzzer, will
be closed and an alarm will be given. The
repeater attendant will thereupon adjust the
repeater D so as to cut down the amount of
amplification that is being given to the cur-
rents of all channels flowing therethrough.

If the line conditions are such as to cause
a diminution in the pilot channel current
between A and C, that current, when ampli-
fied by D, will be below normal, and the
Wheatstone bridge network will again be un-
balanced. The armature of relay 14 will be
moved to its left-hand contact, which will
close the circuit through the winding of re-
lay 17. This will cause the attraction of its
armature and will thereby close the circuit
throngh the winding of the time-relay 18.
This relay may be of the type having a dash-
dot associated therewith, by which it can be
made slow-acting, and its time of operation
may be thus controlled. However, any well-
known type of controllable, slow-acting re-
lay may be employed. If, in the case I am
considering, the transmission level of the car-
rier remains at such low value for the pre-
determined time required for relay 18 to act,
an indication would be given by the opera-
tion of the alarm 19. If, on the other hand,
the carrier current representing the pilot
channel is caused to fall in value, due to the
interruption of the carrier to send a ringing
impulse over the line between stations A and
B, it is, of course, undesirable to have the

-alarm 19 operate each time such an interrup-

tion occurs. This is cared for by the adjust-
ment of the time-relay 18. Relay 14 will, of
course, respond to such interruptions and
close its left-hand contact, thereby operat-
ing relay 17 and energizing the winding of
the time-relay 18. By adjusting relay 18 so
that a longer time is required to close its con-
tact than the duration of the interruption
of the pilot channel current during the trans-
mission of a ringing impulse, the operation
of the alarm 19 1s thereby prevented.

While this invention has been disclosed in
a particular form, it is to be understood that
such form is purely schematic, and that the
invention is capable of embodiment in other
forms without departing from the spirit and
scope of the appended claims. '

What is claimed is:

1. In a pilot channel indicating system,
the combination with a transmission circuit
over which is transmitted a current of a pre-
determined frequency constituting a pilot
channel;” of an indicating circuit connected
thereto having means responsive to a varia-
tion of predetermined magnitude in level of
the pilot channel, and a delay device to ren-
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der said indicating circuit unresponsive to
transient variations.

2. In a pilot channel indicating system,
the combination with a transmission circuit

5 over which is transmitted a cirrent of a pre-
determined frequency constituting a pilot
channel, of an indicating circuit connected
thereto including a Wheatstone bridge net-
work balanced for the normal level of the

10 pilot channel and indicating devices respon-
sive to variations in level of a predetermined
magnitude, and a delay device connected
with said indicating circuit to render said
indicating devices unresponsive to transient
15 variations.

3. In a pilot channel indicating system,
the combination with a source of alternating
current constituting a pilot channel, of a
Wheastone bridge network comprising ratio

20 arms, a third arm including the plate-fila-
ment circuit of a vacuum tube, a fourth arm
including an impedance simulating that of
the third arm, a source of plate voltage con-
nected with the junction of the ratio arms,

25 a source of filament current, a marginal relay
connected across the said bridge between op-
posite corners thereof, means to connect the
said sources to the plate and filament of the
said tube, and means controlled by the said

30 marginal relay to indicate an abnormal level .-

of the pilot current.

4. In a pilot channel indicating system, '

the combination with a source of alternating
current constituting a pilot channel, of a
35 Wheatstone bridge network comprising ratio
arms, a third arm including the plate-fila-
ment circuit of a vacuum tube, a fourth arm
including an impedance simulating that of
the third arm, a source of plate voltage con-
40 nected with the junction of the ratio arms,
a source of filament current, a marginal re-
lay connected across the said bridge between
opposite corners thereof, means to connect
the said sources to the plate and filament of
45 the said tube, and means controlled by the
marginal relay_to indicate a'subnormal level
« of the pilot current, the said means including
" 'a delay-device to withhold the operation of
‘the indicator until the current at the sub-
50 normal level persists a predetermined length
" of time.-

5. In a volume indicating system, the com-
bination with a source of current normally
of fixed value but adapted to vary therefrom,

55 an indicating circuit connected with said
source and having means responsive to a
variation of predetermined magnitude in
said current, and a delay device to render
said indicating circuit unresponsive to tran-

60 sient variations of the said predetermined
magnitude. -

6. In an indicating circuit, the combina-
tion with a vacuum tube having plate, fila-
ment and grid electrodes, of a Wheatstone

65 bridge network comprising ratio arms, a

3

third arm’including the plate-filament part

of said vacuum tube, a fourth arm contain-
Ing an impedance matching that of the said
third arm, a source of plate voltage connect-

ed with the apex of said ratio arms, an elec- 70
tromagnetic device connected between the
junction of the first and third arms and the
junction of the second and fourth arms, an
indicating device controlled by said electrs-
magnetic device and responsive to a current -75
in said third arm exceeding a predetermined -
value, another indicating device controlled
by said electromagnetic %evwe‘ and respon-
sive to a current in said third arm falling
below a predetermined level, and means con- 80
nected with said other indicating device to '
delay its operation until the said electro-
magnetic device has remained operated a
predetermined length of time.

In testimony whereof, I have signed my 85
name to this specification this 18th day of
September, 1928,

RALPH W. DEARDORFF.
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