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REDUCTION OF STATIC INTERFERENCE IN CARRIER, SYSTEMIS 

Application filed November 15, 1928. Serial No. 319,654. 
This invention relates to wire and wireless 

carrier telegraph systems, and more particu 
larly to arrangements for reducing the effect 
of lighting and other static interference upon 
such systems. 
In carrier telegraph systems, lightning in 

terference may manifest itself either (1) as 
an undesired pulse during the spacing or no 
current interval, in which case the interfer 
ence appears as a false marking signal, or (2) 
as an instantaneous overloading of repeat 
ers or receiving vacuum tube apparatus by 
the relatively large energy of the interfer 
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ing pulse, in which case the “crowding' of the 
vacum tubes by the superposition of the in 
terfering pulse upon the normal carrier cur 
rent of the channel reduces the current which 
operates the receiving relay so that a false 
spacing signal may appear during a marking 
impulse. 

In order to overcome this difficulty it has 
been proposed to provide in addition to the 
regular receiving channels of the carrier sys 
tem, an auxiliary "bucking' channel in which 
no signals are ordinarily received, due to 
the fact that no carrier is transmitted cor 
responding to this channel. When a light 
ning discharge occurs the auxiliary channel 
picks up one of the component frequencies 
of the lightning discharge, which is rectified 
to produce a pulse corresponding to the dis 
turbing signal pulse occurring in the normal 
channels of the system. This pulse is trans 
mitted through auxiliary windings to each 
of the receiving relays in such a direction as 
to tend to hold the armature of the receiving 
relay upon either its marking or spacing 
contact, depending upon which contact it 
rested against at the time the disturbing 
impulse occurred. 
As the direction of the effect of the cor 

recting impulse is determined merely by the 
character of the received signal (marking or 
spacing) at the time the static disturbance 
occurs, and is independent of whether the 
static impulse tends to hold the armature 
against its contact or to shift it, it is evident 
that if the static impulse occurs just at the 
time the signal is changing from marking to 
spacing or vice versa, the impulse from the 

auxiliary channel may tend to prolong the 
marking or spacing signal by holding the ar 
mature of the receiving relay against the 
contact upon which it then rests. In accord 
ance with the present invention it is pro 
posed to utilize auxiliary channels in such a manner as to produce effects upon any given 
receiving relay which are opposite in direc 
tion to those produced by the static disturb 
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In order to accomplish this result, two aux 
iliary channels are provided, one of which 
is a marking channel to which a carrier cur 
rent is continuously transmitted from the 
transmitting station, and the other of which 
is a spacing channel to which no carrier is 
supplied. The effect of a static impulse 
upon the marking channel will be similar to 
that upon each receiving channel during the 
receipt of marking signals. Similarly, the 
effect of the static impulse upon the spacing 
channel will be similar to that produced upon 
each receiving channel during the receipt of 
spacing signals. By means of a reversing 
relay the marking channel may be connected 
to a suitable winding of any given receiving 
relay when it is receiving a marking signal 
and thereby produce in the relay an effect 
which balances out the effect of a static im 
pulse. When the relay is receiving a spacin 
signal, however, the reversing relay will shift 
the connection to the spacing channel, there 
by producing an effect in the relay opposing 
that of the static disturbance. In this lat 
ter, the effect of static disturbance is neutral 
ized or balanced out in the relay in such a 
manner as to enable the relay to respond to 
a change from marking to spacing or vice 
versa without any prolongation of the exist 
ing signal due to the effect of the auxiliary 
channel. 
The invention will now be more fully 

understood from the following description, 
when read in connection with the accom 
panying drawing, the figure of which is a 
circuit diagram illustrating a preferred em 
bodiment of the invention. 

Referring to the figure, the various cur 
rents of the multiplex carrier system are re 
ceived in a circuit RL which may be con 
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nected to either a wire line or a radio antenna. 
To the circuit RL any desired number of 
signal receiving channels may be connected. 
although in the ordinary wire carrier tele 
graph practice ten such channels are usually 
provided. The apparatus for each channel 
is similar to that of all the other channels 
except that the selecting apparatus of each 
channel is adjusted to select the particular 
frequency assigned to the particular channel. 
In the present instance only two signal 

receiving channels are actually shown in the 
drawing, and of these a description of one, 
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for example, channel No. 2, will suffice. This 
comprises a tuned selecting circuit T. asso 
ciated with the circuit RL for selecting the 
arrier frequency f, assigned to the channel. 
Vacuum tube amplifiers A and A. are pro 
vided for amplifying the carrier frequencies. 
A rectifying vacuum tube D is also provided 
for translating the carrier frequency into di 
rect current signal impulses. The grid of the 
vacuum tube D, is so biased by means of a C 
battery that with no carrier current present, 
no current will flow in the plate circuit. 
When carrier current is applied to the grid. 
however, the rectified one-way current flows 
in the plate circuit of the rectifier tube D. 
The operating winding W of the receiving 
relay RR is included in the plate circuit of 
the rectifier. A biasing winding W' is also 
provided, and by means of a suitable re 
sistance r, the current flowing through the 
biasing winding is made equal to about one 
half the current supplied from the plate of 
the detector D, when the carrier is being re 
ceived. 
In the system as illustrated it is assumed 

that carrier current is transmitted during 
the marking interval and that no carrier cur 
rent is transmitted during the spacing inter 
val. Normally when no signaling is taking 
place the carrier current is continuously on 
the circuit so that a steady direct current 
flows through the winding W, to hold the 
armature of the receiving relay RRs upon its 
marking contact in spite of the normal bias 
ing current through the winding W.'. Each 
time a spacing signal is transmitted by in 
terrupting the carrier current the rectified 
current through the winding W, ceases and 
the armature is shifted to its spacing contact 
by the pull due to the biasing winding W. 
The effect of a lightning or other static 

interference upon the system so far described 
is as follows: If at the time the lightning 
discharge occurs a spacing signal is being 
transmitted so that normally no carrier 
would be present, the selecting device T of 
the channel will pick up one of the com 
ponent frequencies of the lighting discharge 
which corresponds to the frequency of the 
channel so that this frequency will be ampli 
fied and impressed upon the rectifier D., to 
produce a short pulse of direct current, tend 
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ing to shift the armature of the receiving 
relay RR from its spacing contact to its 
marking contact, thereby causing a false 
signal. If the lightning discharge should 
occur during the transmission of a marking 
signal, the effect will depend upon the magni. 
tude of the energy of the static discharge at 
the frequency corresponding to the channel. 
If this energy is not so large as to overload 
the tubes of the system it merely tends to pro 
(luce a larger rectified current in the late 
circuit of the rectifier I), so that the citect 
to the winding W is to increase the pill 
tending to hold the armature upon its mark 
iiig ('intact. If, however, the energy of the 
static discharge is very large, so as to over 
lo: i the various tules of the system, the rely 
'ollicile “crowding of the moral carric' 

currents of the channels, the 'arrier cir 
rent for each channel is reduced it amplitude 
to make room, as it were, for the excess energy 
of the lightning discharge. This reduction 
in the carrier frequency of the particular 
channel now under consideration may result 
in a decreased current in the plate circuit of 
the rectifier D, so that the windling W, is no 
longer alle to hold the armature against the 
pull of the biasing winding. This causes a 
false spacing signal. 

In order to correct for these false signals, 
two ; ddition: chai nels are associate with 
the circuit RI, Ole of the channels being a 
So-callet marking chaniel to which a carrier 
current is continuously transmitted from the 
transrnittir station antil the other of which 
is a so-callel slacing channel and to which 
no ('; 'i'it'1' ' ' 'ent is transmitted from the 
dista t transmitting station. The marking 
chaniel coil sists of a selecting circuit T, for 
Selecting the frequency f. assigned to this 
chael. The challel also includes ami 
fiers M.A au M.A. similar to the amplifiers 
already (le-'lied in connection with chan 
let No. 2. The narking clhannel also in 
cludes a let ector for each receiving channel 
of the system. For example, the detector 
AI), is associate with the marking channel 
for 'e ("civing channel No. 1 and the detector 
MI). is likewise associated with the marking 
(''2'' fol' receiving channel No. 2. These 
(etect ()'s are ill ili l'espects similar to the de 
tector ID, already described and supply to 
theii late circuits continuous direct cirrents 
(2-terlined by the amplitude of the received 
('airier. 
Tic spacilir channel differs from the mark 

ing ch: initel ill that lo carrier cli'rent is trans 
ritted the reto from the distant transmitting 
sitti (, and its selecting cir'it T is tuned 
1 to a frequency f. which is different from the 
frequency of the lunarking channel and also 
from the various carrier frequencies as 
site (ed to the sign:l receiving channels. The 
spacing channel includes amplifiers SA and 
SA in all respects similar to the correspond 
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ing amplifiers of the marking channel. Like 
wise, as in the case of the marking channel 
detectors, such as SD, and SD, are provide 
for each of the signal receiving channels. 
No current flows in the plate circuits of the 
detectors associated with the spacing chan 
nel under normal conditions. If, however, a 
static impulse occurs, the channel selects a frequency component thereof corresponding 
to the frequency of the channel and thereby 
causes a rectified current pulse to flow in each 
of the detectors associated with the spacing channel. 
Each receiving relay controls polar switch 

ing relays. For example, the receiving relay 
RR, controls polar relays PR, and PR, for 
the purpose of reversing the circuit connec 
tions to the auxiliary channel, in a manner to 
be described later. Likewise, the receiving 
relay RR controls polar relays PR, and 
PR in a similar manner. 
The operation of the marking and spacing 

channels may now be understood from a de 
scription of their effect upon the receiving 
channel No. 2. Normally, with the marking 
signal being received by channel No. 2, the 
arnature of the receiving relay RR will be 
upon its marking contact and the polar relay 
PR will have its armature upon its upper 
contact, so that the plate circuit of the de 
tector MD (which is associated with the 
marking channel) will be connected to the 
biasing winding W,'. This increases the 
norm biasing current due to the resistance 
'' by an amount determined by the ampli 
tude of the received carrier of the marking 
channel. In order, therefore, to maintain 
the normal relation between the currents 
flowing in the operating and biasing wind 
ings, the polar relay PR is arranged to con 
nect to the operating winding a resistance 
r, in parallel with the plate circuit of the 
detector D, the resistance r being so pro 
portioned as to draw through the winding 
W., a current in addition to the plate current 
of the detector D., said additional current 
having a value equal to the plate current nor 
mally supplied to the winding W.", from the 
detector MD. When a spacing signal is re 
ceived due to the interruption of the carrier 
frequency f. supplied to channel No. 2, the 
receiving relay RR shifts the armature to 
its spacing contact, thereby causing the polar 
relays PR, and PR, to shift their arma 
tures to their lower contacts. The polar re 
lay PR disconnects the biasing winding 
W.' from the detector MD, of the marking 
channel and connects said winding to the de 
tector SD, of the spacing channel. As no 
current normally flows in the plate circuit 
of the detector SD, the armature of the polar 
relay PR, is arranged to disconnect the re 
sistance r, from the operating winding W. 
during the spacing condition so that in the 
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absence of any static disturbance no current flows through the operating winding W. 
As has already been pointed out, the effect 

of static upon the signal of any given chan 
nel depends upon whether the channel is at 
that moment receiving a marking or a spac 
ing signal. If a marking signal is being re 
ceived in channel No. 2, for example, the 
polar relays PR, and PR' will have their 
contacts upon their upper armatures so that 
the marking channel will be connected to the 
biasing winding W,'. Under these conditions 
the current drawn through the biasing wind 
ing W.' by the plate of the detector MI), of 
the marking channel is just balanced by the 
current drawn through the operating wind 
ing W, by the resistance '... The current 
drawn through the latter winding by the plate 
circuit of the detector D., however, is sub 
stantially twice that drawn through the wind 
ing W.' by the resistance ",". 
Now if the effect of the static imilse is 

such as to overload the tubes in the transm - 
sion circuit and cause ('1'owding of the chan 
nels, the plate current of the detector E) will 
be decreased, and if it should be decrease: to 
such an extent that the total ("irrent thr' 'I tri 
the winding W, is less than that thiol:gh ti; 
winding W., the armature of the receivil 
relay would he shifted to its spacilg ("?ili 
tion, thereby causing a false signal. :: S 
Inuch as the narking chai): 'i is :''''', ; ; ; 
carrier current, lowever, this 'irrier ('' '') it 
will be decreased in violine is: : - is the 'i'. 
rier current supplied to clannel No. 2 during 
the marking signal. Collisocietly. the plate 
current of the det, c't (; ii) (an other deter. 
tors associated with the marking claniel) 
will be decreased accordingly so that there 
will be a decrease in the citi're it flowing 
through the winding W, which is car 
able to the decrease in the current it vit? through the winding W. If the mail;ig 
signal should end while the static disturbance 
is continuing, the interruition of t a 'lir'ri, 
frequency transmitted to the receiving ch: il 
nel No. 2 will resce the current ti's 
winding W, all termit the liasis \xi : ; 
to shift the relay a 'natire to its spacing 
contact in(); Vitist aiding the stati: it 

in case the contlition () the trills; iss 
circuit is st: ; li;t the stati, in); e It is ?t 
overload the tiles, the eitect iro', a iii. 
vidual chaniel, such as challel N. . 2, Yiii 
be to increase the plate cirrent of : he lett -- 
tor tube D, and the reby iic: eas: the 'i'i it 
?lowing through the winding W. The effect 
upon the marking channel, however, is to 
similarly increase the plate current of the 
detector tube, such as M.D., so that there wili 
be a corresponding increase in the current 
flowing through the winding W.'. Should 
the signaling channel No. 2 change from 
marking to spacing while the static impulse 
continues, the interruption of the carrier sup 
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plied from the distant station will reduce the 
current flowing through the winding W, to 
permit the relay to shift its armature to its 
spacing contact. The shifting of the arma 
ture from marking to spacing during the con 
tinuance of a static impulse, results in shift 
ing the armatures of the polar relays, PR, 
and PR', thus establishing the circuit in con 
dition to neutralize the effect of static during 
a spacing signal. 
When any channel, such as channel No. 2, is 

receiving a spacing signal, the armature of 
the polar relay PR shifts the connection of 
the E. winding from the marking chan 
nel to the spacing channel while the polar 
relay PR, disconnects the resistance r from 
the operating winding W. In the absence of 
any static effect, no current will flow through 
the winding W, (the plate current of the tube 
D, being substantially zero during spacing), 
and the current flowing through the biasing 
winding W, will be only that drawn by the 
resistance r. If a static impulse should oc 
cur while the circuit is in spacing condition, 
the selective circuit T of channel No. 2 would 
pick up a component whose frequency coire 
sponds to that of the channel, so that a cur 
rent would flow in the plate of the detector 
D, and hence, in the winding W. If this cur 
rent should be larger than the current drawn 
by the resistance 'a', a false marking signal 
would occur were it not for the connection 
over the armature of the polar relay PR, to 
the plate circuit of the detector SD, of the 
spacing channel. Due to this connection. 
however, the static component picked up by 
the spacing channel causes a current to flow 
in the plate of the detector SD, and through 
the biasing winding W. to balance the static 
current flowing through the operating wind 
ing W. Consequently, the false signal will 
not occur. If the static impulse should con 
tinue after the spacing signal received by the 
channel had ceased and the marking signal 
begun, the current flow through the operat 
ing winding W. would be increased by an 
amount determined by the amplitude of the 
received carrier, thereby causing the arma 
ture of the receiving relay to be shifted to its 
marking contact. 

It will of course be obvious that other sig 
naling channels, such as channel. No. 1, will 
function in a manner similar to that already 
described in connection with channel No. 2. 

It will also be obvious that the general prin 
ciples herein disclosed may be embodied in 
many other organizations widely different 
from those illustrated without departing 
from the spirit of the invention as defined 
in the following claims. 
What is claimed is: 
1. In a carrier system, a receiving chan 

nel comprising means to select an alternat 
ing carrier current. Ileans to detect from said 
carrier current a telegraph signal, and a 
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receiving relay responsive to said signal; aux 
iliary channel apparatus selective of com 
ponents of interfering energy differing in fre 
quency from the carrier waves to which the 
receiving channel is selective; and connec 
tions from said auxiliary channel apparatus 
to sail receiving relay and controlled by 
said receiving relay to produce in said relay, 
in response to interference, electrical effects 
similar to but opposing those produced on 
said relay by the interference effect in said 
receiving channel. 2. In a carrier system, a receiving chan 
nel comprising means to select an afternat 
ing carrier current, means to detect from 
said carrier current telegraph signal im 
ulses, and a receiving relay responsive to 

said inpulses: said channel producing in 
said relay disturbing impulses in response to 
interfering energy superposed on the system; 
all Niliary channel apparatus selective of com 
lonents of said interfering energy differing 
in frequency from the carrier waves to which 
said receiving channel is selective; and con 
nections from said auxiliary channel appa 
ratus to said receiving relay and controlled 
by said receiving relay to produce in said 
relay, in response to interference, impulses 
to neutralize the disturbing impulses from 
said receiving channel: said neutralizing 
impulses permitting said relay to respond 
to changes of the detected signal impulses. 

3. In a carrier system, a receiving channel 
comprising means to select an alternating 
carrier current, means to detect there from 
signaling impulses, and a receiving relay 
having an operating winding responsive to 
said impulses to shift the armature in one 
direction and a biasing winding to shift the 
armature in the opposite direction: an aux 
iliary channel comprising means selective of interfering components differing in frequency 
from the receiving channel; a detecting 
means associated with said auxiliary chan 
nel; means to establish connections from said 
detecting means to one of said relay wind ings during the receipt of marking signals: 
and means to open said connections during 
the receipt of spacing signals. 

4. In a carrier system, a receiving chan 
nel comprising means to select an alternat 
ing carrier current. means to detect there 
from signaling inpulses, and a receiving re 
lay having an operating winding responsive 
to said impulses to shift the armature in one 
direction and a biasing winding to shift the 
arnature in the opposite direction; an aux 
iliary channel comprising means selective of 
interfering components differing in fre 
quency from the receivnig channel: a detect 
ing means associated with said auxiliary 
channel; means to establish connections from 
said detecting means to said biasing winding during the receipt of spacing signals; and 
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means to open said connections during the receipt of marking signals. 
5. In a carrier system, a transmission cir 

cuit, a receiving channel associated there 
with and comprising means to select an al 
ternating carrier current from said trans 
mission circuit, means to detect signaling im 
pulses from said carrier current, and a re 
ceiving relay; an auxiliary marking channel 
to which a carrier frequency different from 
that of said receiving channel is continuous 
ly supplied over said transmission circuit; 
an auxiliary spacing channel for which no 
carrier is supplied; said spacing channel be 
ing selective of interfering components of 
frequency different from those of the other 
channels; and means to establish connections. 
to said receiving relay from said marking 
channel during the receipt of marking sig 
nals in said receiving channel, and from 
said spacing channel during the receipt of 
spacing signals in said receiving channel. 

6. In a carrier system, a transmission cir 
cuit; a receiving channel associated there 
with and comprising means to select an al 
ternating carrier current from said trans 
mission circuit; means to detect signaling 
impulses from said carrier current, and a 
receiving relay having an operating winding 
responsive to said impulses to shift the arma 
ture in one direction and a biasing winding 
to shift the armature in the opposite direc 
tion; an auxiliary marking channel to which 
a carrier frequency different from that of the 
receiving channel is continuously transmitted 
over said transmission circuit; said marking 
channel including means to select said fre 
quency; a detector associated with said mark 
ing channel; an auxiliary spacing channel for 
which no carrier is supplied and having se 
lecting means to select interference compo 
nents differing in frequency from the carrier 
frequency of said receiving channel; a detec 
tor associated with said spacing channel; and 
means to establish connections to one of said 
relay windings from the detector associated 
with one auxiliary channel during the re 
ceipt of marking signals, and from the de 
tector associated with the other auxiliary 
channel during the receipt of spacing sig 
nals. 

7. In a carrier system, a transmission cir 
cuit; a receiving channel associated there 
with and comprising means to select an al 
ternating carrier current from said trans 
mission circuit, means to detect signaling im 
pulses from said carrier current, and a re ceiving relay having an operating winding 
responsive to said impulses to shift the arma 
ture in one direction and a biasing winding 
to shift the armature in the opposite direc 
tion; an auxiliary marking channel to which 
a carrier frequency different from that of 
the receiving channel is continuously trans 
mitted over said transmission circuit; said 
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marking channel including means to select 
said frequency; a detector associated with 
said marking channel; an auxiliary spacing 
channel for which no carrier is supplied and 
having selecting means to select interference 
components differing in frequency from the 
carrier frequency of said receiving channel; 
a detector associated with said sparing chan 
nel; and means to establish con: ections to 
said biasing winding from the detector as 
sociated with said marking channel during 
the receipt of marking signals, and from 
the detector associated with said spacing 
channel during the receipt of spacing signals. 
In testimony whereof, I have signed my 

name to this specification this 14th day of 
November, 1928. 

DAVID E. BRANSON. 
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