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This invention relates generally to: tele- 
graph systems, and more particularly to tele- 
graph systems. which employ carrier waves 
for the transmission of signals. Still more 

5 particularly, this invention relates to: ar-- 
rangements. for providing a pilot channel in 
a carrier telegraph system suitable for de- 

" termining the magnitude. of “the current 
transmitted to. the receiving relay of the 

210 system. 
In. certain arrangements of carrier tele- 

graph circuits, particularly those of the open 
wire type, it 1s desirable to provide a pilot 
channel in order ‘to. observe and correct for 

in the . transmission 
equivalent of the circuit. It has been. the 

“practice in the past either .to establish a sep- 
arate channel for this-_purpose or to interrupt 
the transmission..of signals on a working: 

~ 20 channel for a brief interval. whenever it was 
desired to observe the transmission equiva- 

-lent of the circuit. Both of these practices 
have certain disadvantages, the former -be- 
ing uneconomical andthe latter interfering 

85 with the normal: operation. of the circuit. 
‘This invention relates to arrangements: for 
overcoming these disadvantages. so that one 
or.more suitable pilot ‘channels: may be ob- - 
tained by simple additions to the receiving 

apparatus of the working channels. «. : 
' This invention will be better understood 
‘from the detailed. description hereinafter 
following when read in connection with the 
accompanying drawings in which Figure 1 

“ represents an arrangement for obtaining a 
pilot channel in.a carrier telegraph. system, 
and Fig..2 shows.an- arrangement for pre- 

venting bias of the telegraph signals trans- 
mitted: by the system which: would result 

' from changes j in the transmission equivalent 
-of the circuit, 

In. Fig. 1 of the: drawings, line L-is one 
which is employed for. the transmission of-a 
plurality of currents of different frequencies, 

* each of which is interrupted in accordance 

with signals. One of the channels connected 
with the line L is shown in some detail, and 
this includes the usual receiving filter F,. 
which may be of the band-pass type, and a 
detector b. The detector may. include. a 50 
three-element vacuum tube, the grid electrode ~ 
of which may be connected to the filament 
electrode through the secondary winding of a 
transformer, and a battery for suitably bias- 
ing that orid electrode with respect to the 
filament electrode, as shown. The primary. 
of this transformer may be connected to the 
filter through a potentiometer for the pur- 
pose of controlling the input voltage to the 
detector. The plate electrode of the tube 
included in the aetector may be connected 
to the filament electrode: through a condenser, 
which is employed for the purpose of by- 
“passing such alternating currents as may be- 
come super-imposed upon the direct current 
resulting from rectification. This plate elec- 
trode ‘is also connected to the filament elec- 
trode through the winding , of a relay:W:, a 
meter M,, the winding #,; of a relay W. and 
8 battery, this battery being employed for | 
the purpose of providing proper positive 
potential for the plate electrode. 

The relay W, represents the usual form of 
polar receiving relay which is biased by means 
of a current flowing continually through its 
winding Yo from, a battery By. When no cur- 
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rent is present in the winding %o, then the — 
flux produced by the winding 7, will be suffi- 
cient to.cause the armature of this relay to 
move to its spacing contact s) and remain 
closed against that spacing contact. The 
fixed terminal of the armature of relay W, 
may. be connected to a local telegraph receiv- 
ing circuit, and when the armature of this 
relay i is closed against contact so, the positive 
terminal of a battery (not shown) may be 
connected to the receiving circuit. When the 
keyat the distant station becomes closed, a 
substantial current will flow through the 
winding #) and the magnetic field: produced 
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; by the winding x will then be. greater than 
that produced by the winding 7, causing the 
armature of the relay W, to “close its contact 

‘In that event tho negative terminal-of.a 
battery may be connected to the local tele- 
graph receiving circuit. If the windings x, 

. and y,-have the same number of turns, and if 
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~ .opent will flow through winding 2%:.as flows 
through winding Yo, When-the key vat the dis-. 
tant station is closed. .-The dotted line shows.. 
how. the lower terminal of the winding a: 
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_both-of these. windings. 
relay W,.is'‘connected in the plate circuit of a 

the armature of the relay W2 is mechanically 
unbiased, then it is the practice in the-art to 
arrange the cireuit so that twice as much cur- 

may be connected to’ the:positive side of. the 
battery used in the detector D for the; purpose 
of receiving signals without. the aid of a 
pilot channel. 

The winding #, of an. additional polar, 
relay Wz Is in series with the winding ca of. 
the. yelay W., and the plate current of the 
tube. of die detector D flows equally through 

The winding yx o 

vacuum tube designated V, this: plate cincult 
inchiding ‘battery Bi, winding: ¥y3 ammeter 

. Msg, the plate and. filament electrodes of tube 
Vand 
that the. ‘current: flowing in-the plate cir ‘out 
of the tube:-Viwill cause it to produce a mag-. 

netic effect upon the armature of the relay 
“Ws which opposes the magnetic effect pro- 

45 

‘distant station. is-so- held; the value of the’ 
‘current: flowing through meter M, may be 
‘changed to any desired extent by the adjust- ‘BO 
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duced by the winding:#,, when current flows 
in ‘the plate circuit of thé tube of the detector 
D:.. The armature and marking contact 2, 
of the relay W, are employed for the purpose 
of controlling the potential of the grid elec- 
trode of the vacuum tube Y.in'a manner which 
will ‘be described im ‘greater detail herein: : 
after. 

When ‘the. telegraph key at- the distant 
sending. station corresponding to the channel 
~under consideration is lield in its closed: posi-.: 
tion, a: substantially steady current: wilk "flow . 
through the plate circuit of the tube forming 
detector D and this current may be read on 
the meter M,.. When the telegraph key at the 

tent “of the potentiometer shown associated 
with the detector D.: When the telegraph key 
is being operated for the transmission of sig- 
nals, the meter M, will no longer indicate the 
actual value of the current in the plate circuit 
of the tube forming detector D, but the pointer 
of this meter will follow thie signals Pond it 

will tend to. give. an. intergraded: reading of 

Be 

the current impulses 3 in the circuit. 
‘One of the principal: features. of ‘this in- 

vention lies in the: ‘provision of the meter M, 
for: the purpose of indicating the maximum. 

_-value:of the’ current inthe: ‘plate circuit: of ~ 
‘the tube of the detector D, even when ‘tele- 

Th. “graph. signals: are being transmitted. 
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“may havea capacity of about 4 microfarads, 

tacts. 7,01 relay 
When the “condens ser C is charged to the 

ground. Winding y, is so arranged . 

ther increase the charge on condenser 

the telegr aph key ‘at the distant station ig 
kept closed, the current in the plate circuit of 
‘the tube Vv above described, which includ les 
the winding ¥,, will be less than the stead y 
current in the plate circuit of the detector tube 
which-flows through winding #,, and there- 
fore the armature of the. relay V; will be 
operated so as to close the marking contact 
Mr. In that event ground will be connected 
to the grid electrode of the tube V through 

-the armature and marking contact m, of relay 
Ws: and a resistance R,, “which may have a 
yalue of, for example, 160, 000 ohms. Before 
the closure of contact m, a condenser ©, which 

was charged to a negative potential by-a bat- 
tery B, thr ough a resistance R, » Which may 
have a value “of, for example, 2 megchms. 
But upon the closure. of contact my, the con- 
denser. C becomes gradually discharged 
breugh resistance R,, the armature and con- 

Ws and ground. . : 

fall voltage of battery Bs, it will so bias the 
grid electrode of the vacuum tube V. with 
respect. to the filament electrode that t prac- 
tieally . noe current.will flow in-the ‘plate cir- 
cuit of the vacuum tube.B. But upon re- 
duction of the charge:upon condenser ©, the 
grid: electrode will become. less negatively 
biased and substantially greater current will 
flow in the plate circuit of the vacuum tube 
V: Upon the-closure of the contact m, of 
the relay. W, the: condenser C does become 
discharged, and hence the flow-of curre nt 
from the battery B, in-the plate -circuit of - 
the: vacuum tube V--will increase and: wili 
continue. to-increase, wliile the contact.m, re- 
mains closed, until: the magnetic effect of 

‘S owinding a, becomes sufficient { to overcome the 
corresponding effect produced b y the wind- 
ing-@,. ‘Phe armature. of the relay Wes will 
then move to. thes; contact: AD soon as 
this occurs, the: discha arging circuit. of con- 
denser ©; which includes-the resistance Ry, 
will. be opened.and the battery B, will fur- 

c 
through resistance R.. “AS the conden nser OC 
becomes charged-to a greater negative volt- 
age, less current will ow through winding - 
-y, of relay W, and the current im. winding 
y-will decrease and. continue to decrease un- 
til the magnetic effect produced by. winding . 
Yr becomes less than that produced by wind- 
ing w,. The armature of relay W, will then 

-again operate so as to clese-contact mm," in 
order to. decrease the:charge of condenser C. 
This process will be repeated and the.arma- 
ture of the relay - W, will move back and 
forth between its contacts as a result of only 
shght changes in the current in the. plate 
circuit of. the tube V-: 
It will be evident. that if the winditigs Xy 

and y, have an equal. nurober of: turns, and 
if the armature of the: relay Wy is not me- 
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7 chanically biased: the’ operation of: the ars 

O
r
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range ment will result:in a fairly steady value 
OL: current through-the winding y,, and this 
current will be ‘substantially equal to. that 
flowing through winding a. If the ratio 
ot the “numbers. of turns. inthe windings U4. 
and y; is not unity, then the values of ‘the 
currents in these two “windings. will be:in- 
versely proportional to their:respective num- 
bers of turns. The value of the current in: 
the plate circuit of the tube of the detector 
D may readily be determined from the yalue 

- of the current in the plate circuit of the tube 
_V asindicated. by the. meter. M.,; and the lat- 

15 ter current will be substantially constant. 
Because of the large time constant of the 

“chat rging. circuit of:condenser C established 
through. resistance R,,and-because of the rel- 
‘atively ‘small time constant of the discharge 
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circuit - established - through ‘resistance Ky, 
upon the closure of contact. mm, the arrange- 
ment.-functions practically the same when 
the telegraph key at the distant station. is 
being operated.as when it is kept closed... If 
the key. is kept: open: for: a Tength of time 
appreciably greater than that represented by 
the normal spaces between telegraph signals, 
then the current-indicated by meter M, will 
graduaily decrease to’ zero. Upon the op- 
eration of the key, however, the current 
through meter: My: will quickly increase to 
its ‘normal -value. 

In-connection with: a channel over which 
---printers may be operated, the opening of the 
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sending contacts for a length of time which 
‘may. give a false indication of detector cur- 
-rent, will-occur only when the circuit may 

‘ be.in trouble. Tn connection with the chan- 
nel operated by manual Morse the key may 
be held open for: an appreciable. length ot 
time, and in that case the arr angement may 
occasionally g give a false indication. Such a 
condition will be apparent: to an experienced 
attendant and he will not be disturbed. 

The characteristic of the detector which 
“may be used in the operation of ‘a carrier 

“25 0- 

as on
 

‘normal value of the. detector. current. 

telegraph. system of the type described. is 
usually such that. fairly Iarge changes in 
the transmission: equivalent ‘of the circuit 
may produce only a small change in the 

t 
may be advantageous to. use separate detec- 
tors for the relays Ws and Ws. “Such. de- 
tectors. may be connected in parallel with 
each other. across the - output circuit of the 

. filter F. 

in the pilot channel may be used to prevent 
€9 

. Fig. 2 of the drawings represents an ar- 
rangement by which the current provided 

bias‘in the signals resulting from.changes in 
- the transmission equivalent tof the line. “Here 

€5 

line L is bridged by a plurality -of' filters 
Fu, Fis Fis, i, and: Fj;, all connected in 
‘parallel relationship, and: these are conneci- 
ed to detectors-D.,, Dy, Dis,.Di, and Dy,, 

nected the same as shown in Fig. 

respectively. ‘The detector Dg of the pilot 
channel is connected-in parallel with the de- 
tector Di; across the output circuit of. the 
filter F,,. : 

The pilot arrangement includes a relay Wz 
and: the. vacuum tube VY which are intercon- 

1 of the 
drawings. The battery B, is bridged by all 
of the resistance of the potentiometer P and 
the movable arm of this potentiometer ex- 
tends.to the axis of the armature of relay 
Wr. . A low-pass filter-is connected between 
the upper terminal of the biasing winding 
of relay Wry and the plate electrode of the 
vacuum tube V, as shown, this filter includ- 
ing series inductances E, ’ which may be of 
equal magnitude, and shunt condensers. C., 
which may have equal capacities. This low. 
pass filter is intended to smooth out small 
variations in ‘the plate current of the tube 
V resulting from the operation of the arma- 
ture of relay Wa. 
It is to be noted that the plate current 
of tube V flows through a circuit which in- 
cludes the windings Ei of the low-pass filter, 
the winding of a milliammeter relay Q, the 
biasing w indings of relays. Wii, Wis, Wis, 
Ww 145 | Wis and. Wr, battery B. and ground. It 
will be apparent.that upon adjustment of the 
gain of the detector Dy the proper value of 
the biasing current may be initially obtained 
for normal line conditions. When the trans- 
mission equivalent cf the line changes, the 
current through the biasing windings of th 
various relays. -will be correspondingly 
changed and thereby will prevent bias in the” 
teleoraph signals, 

The resistance R, forms a leak -cireuit 
which includes the battery B,, the biasing 
winding of relay Wr, the biasing windings 
‘of ‘relay ys: Wis; Wray Wess Wie and Way re- 

sistance R, and ground. Since the channel 
to which detector | Deis connected may be held 
open for an appreciable length of time by 
‘local circuit.troubles, current in the leak cir- ! 
cuit will prevent the reduction in the. flow 
of current F through the biasing windings of 
the various relays to zero. The effect of the 
current in the leak circuit is such as to estab- 

3. 
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lish a minimum value for the current through 
these biasing windings, which the battery B, . 
of the pilot | circuit may supply.. A sinilar 
effect. may be obtained by reducing the volt- 
age of the grid battery B. so that a small, 
though definite value OF plate current. will 
flow even when the armature of relay Wr 
closes its*spacing contact s. A limit to the 
upper value of the current inthe plate cir- 
cuit of the tube V. may. be obtained by set- 
ting. the movable arm of the potentiometer 
P at a suitable point. 
The armature of the milliammeter relay 

@ may move between two contacts both of 
which are connected to a bell G and a battery 
B,, which are in series with each other. 

yen



When-the current through the winding of re- 
lay Q: exceeds a. predetermined. value, one 
of. its. contacts. will be closed, and its other 
contact will be closed when the value of the. 
current..drops below. another. predetermined 
value... In either. case an alarm will be sound- 

- ed by the bell G because of the flow.of current 

10 

‘from its associated battery Bs. 
While this invention. has been shown in 

certain particular arrangements merely for. 
the purpose: of illustration, it will be under: 
stood ‘that the general principles of this in- 
vention may be employed in other and wide- 
dy varied organizations without departing 
from the spirit of the invention and the scope 

_ of the appended claims. 
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What is claimed is: 
-1..The method of maintaining: the-ampli- 

tude of .a direct current flowing. through 
one winding of apolar relay substantially 
equal to the maximum amplitude of signaling 
current flowing through another winding of 
said relay which consists in progressively and 
gradually increasing the current periodically 
‘through the first of said: windings until it 
exceeds the maximum. amplitude: of the sig- 
naling current flowing through the other of 

. said windings, and progressively.and grad- 
ually decreasing. the. current periodically 
through: the first of said windings until.1t 

is less than the maximum. amplitude of the 
- signaling current flowing through the other 
of said: windings. 

“40 

“2. The method of continuously 1 maintain- 
ing the amplitude of a direct current flowing 
through the biasing winding of a polar re: 
lay substantially equal to the maximum am- 

plitude of signaling current flowing through 
“another winding. of said relay, which con- 

sists: in’ “ progressively and periodically .de- 
vereasing the current through said. biasing 
winding until its armature closes one of ‘its 
-contacts, and progressively and periodically 
increasing the current through said biasing 
winding until its armature closes. the other 
of its contacts. 
8. The combination of.a relay having first 

and, second windings both capable of operat: 
ing its armature in mutually opposite direc- 
tions, means for transmitting pulses of direct 

- current representing’ signals through the 
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first of said windings,.a source of direct cur- 
rent individual to the second of the windings 
of said-relay, and means associated with the 
armature of. said relay for periodically in- 
creasing the flow of current through the sec- 
ond of “said. windings the amplitude of that 
current drops below the maximum.-amplitude 
of the current through the first of said wind- 
ings and for periodically decreasing the flow 
of current through the second of said wind- 
ings.as_it rises above said maximum amplt- 
tude. 

4. The combination of a ‘sionaling source, 
a relay having two windings one: of which 

1,829,830 

is connected to said signaling sourcé, means 
for transmitting direct current through the 
other winding of said relay, a circuit con- 
trolled by .the armature of said relay, means 
-assoclated ‘with said circuit. to change the 
magnitude. of the current flowing through 
said other winding of said relay in: accord- 
‘ance with changes in the maximum value of 
the current flowing from. said signaling 
source, 

5. The'combination of a vacuum tube hav- 
ing. plate, filament’ and grid electrodes, a 
first source of direct current potential, “a 
polarized relay the winding of which is.con- 
nected between the plate and. filament ‘elec- 
trodes of said vacuum tube through said first 
source of direct current,.a condenser. con- 
nected betwéen the grid. and filament: elec-: 
trodes of said vacuum tube, a second source 

-of direct current: potential, a first resistance 
connected: in series with said second source 
of direct current potential between the grid 
and filament electrodes of said vacuum tube, 
and a second resistance connected in series 
with the armature and contact of said relay 
between the. grid and filament: electrodes of 
said vacuum tube. 

6. The combination of,a vacuum tube hav- 
ing plate, filament and grid electrodes, a. first 
source of direct current potential). a. "polar- 
‘ized relay having two windings through one 
of which. pulses “of direct’ current flow, the 
other of the windings of said relay being. con- 
nected ‘between the 
trodes of said vacuum tube througli said first 
source of direct current potential, means for 
indicating the magnitude of. the current 
through the latter winding of said relay 
condenser eonnected- between the: grid. oa 
filament electrodes of said vacuum: tube, a 
second source of direct current potential, a 
first resis ance connected im series. with said 
second source-of. direct current between the 
grid and filament electrodes of said vacuum 
tube, and a, second resistance connected ‘in:se- 
ries with the armature and one contact of said 
relay between the grid and filament: elec- 
trodes of the vacuum i tube. . 

7. A system for the prevention of bias in 
signals transmitted over a line which result 
‘from changes in the transmission equivalent 
of the line comprising a polar relay having 
two windings, an auxiliary polar relay also 
faving two windings, signals impressed on 
the line causing currents to flow through one 
of the windings of each of said relays, bias- 
ing current flowing through the other. of the 
windings of each of said relays, and means 
associated with said auxiliary relay to change 
the biasing current. in accordance with: 
changes th the maximum amplitude ot the 
signaling current. ; 

8. A system: for the prevention of bias j in 
a multi-channel signaling system. comprising 
a ine, a. pluralty of polar relays each of 

plate and filament elee-. 
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. which has first and. second windings, means 
whereby the signaling currents flowing. over 

said line become impressed upon the first 
windings of said relays, a source of biasing 
current connected in series with the second 
windings of said relays,and means controlled 
‘by the armature of one of said relays to 
“change the biasing current in accordance with 

Le 

variations in the maximum amplitude of the 
signaling current. 

In testimony whereof, I have signed my 
“name to this specification this 24th day of 
Rebraary, 1930. 

J OSEPH HERMAN. 
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