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This invention relates to a communication 
System and more particularly to improved ar 
rangements for transmitting telegraph or other 
Signal impulses over long open wire communi 
cation lines and over the telegraph channels of 
long open Wire composite toll lines. 
Long open Wire lines of these types are Sub 

jected to varying weather conditions. This causes 
a Varying leakage resistance of the open Wire Sec 
tions which varies over wide limits from a very 
high value under dry weather conditions to a 
relatively low value under wet weather condi 
tions. Both the duplex and upset duplex telegraph 
transmitting and receiving apparatus and cir 
cuits usually employed at the ends of long lines 
of this type must be adjusted to compensate for 
this variation in the leakage current of the line 
in order to insure a correct reception of the tele 
graph signals. Wariation of the leakage re 
'sistance of the line tends to cause. a variation in 
the bias of the received signals which must be 
compensated for by a variation of the biasing 
current of the receiving relays at each end of the 
line. This adjustment must be made in ac 
cordance with the variations of the leakage re 
sistance of the line so that it is necessary at times 
to adjust this biasing current at the ends of the 
line at rather frequent intervals, thus causing a 
high cost of circuit maintenance. This is par 
ticularly true in the case of an outlying Sub 
scriber where it is very difficult to provide Suit 
able maintenance of the telegraph circuit and 
apparatus because the subscriber is So far re 
moved from the central telegraph station or re 
peater point, as is usually the case when trans 
mitting telegraph signals over long circuits of 
this type. 

It is an object of this invention to greatly re 
duce the amount of maintenance and adjustment 
required at , both ends of the line without intro 
ducing any bias or other distortion of the tele 
graph signals from any other source. 

It is a further object of this invention to pro 
vide a telegraph System in which the apparatus at 
each end of the line applies similar signaling con 
ditions to the line to indicate or transmit similar 
conditions or impulses. 

Still another object of this invention is to pro 
vide telegraph line circuit between two telegraph 
stations either or both of which may be a central 
station or an outlying station the operation of 
which is Substantially independent of the leakage 
resistance of the line. 
In accordance with a specific embodiment of 

this invention two telegraph stations are con 
nected together by a telegraph line or channel a 
portion of which includes an open wire line sub 
jected to Varying Weather conditions and thus to a 
varying leakage resistance. Similar receiving re 
lays are connected to this line at each of the sta 

(CI. 178-2) 
tions for responding to the signaling Conditions 
transmitted from the opposite end of the line. 
Means are provided at each station for normally 
connecting substantially the same potential to 
both ends of said line in accordance with the sig 
naiing impulses to be transmitted thereover. In 
order for the receiving relays at Said stations to 
respond substantially equally well to all signaling 
conditions transmitted over the line from the op 
posite station independently of changes of the 
line leakage, the potentials applied to the ends of 
Said line are determined by the distribution of re 
sistance of said line circuit and the distribution of 
the leakage resistance of the line. Thus the re 
ceiving relays respond to the signal conditions 
transmitted to it without bias due to variations in 
the leakage resistance of the line. 
The term bias as employed in this specification 

and applied to signals or signal impulses indicates 
a lengthening of one signaling condition or in 
pulse and a shortening of another signaling con 
dition or impulse. For example, marking bias 
means that the marking signal impulses are 
lengthened and that the spacing Signal impulses 
are shortened, whereas spacing bias means that 
the spacing impulses are lengthened and the 
marking impulses are shortened. Signal impulses 
of greater bias are poorer in quality and less Satis 
factory for operating telegraph apparatus, while 
telegraph signal impulses of less bias are better in 
quality and more suitable for operating telegraph 
apparatus. 
A common cause of this lengthening and short 

ening of the various signaling conditions or in 
pulses is that the marking and Spacing currents 
are of unequal magnitude. For example, for 
marking bias the marking current is greater than 
the spacing current while for spacing bias the 
spacing current is greater than the marking cur 
Irent. This is also true if one of the Signaling Cur 
rents differs from a fixed biasing current 
by a greater amount than the other Signaling 
condition differs from the same biasing Cur 
rent in the opposite direction. The unequal 
currents cause the receiving relay to respond 
differently to the two signaling conditions. 
This adds a bias to the received signal in 
pulses. However, in accordance With this inven 
tion the two signaling conditions always differ 
Substantially the same amount from an estab 
lished Zero flux condition of the relay which is 
effected by a suitable biasing flux or current, in 
dependently of the leakage resistance of the line. 
Consequently, the leakage resistance or changes 
Of the leakage resistance of the line does not 
add any bias to the received signals. 
The terms marking and spacing as used in this 

application differentiate two line or signaling 
conditions transmitted between the telegraph 

10 

20 

25 

30 

35 

40 

45 

50 

60 



0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

5 

2 
stations. The term marking is used to designate 
the line or signaling condition employed during 
the time no signaling or intelligence impulses are 
being transmitted but the System is energized and 
ready to transmit signaling or intelligence Code 
combinations of impulses. The term spacing des 
ignates the other signal or line condition. 
While the novel features of this invention are 

specifically set forth in the claims appended 
hereto, the foregoing and other objects and fea 
tures of the invention may be more readily and 
more fully understood from the following descrip 
tion when read with reference to the attached 
drawing in Which: 

Figure 1 illustrates an embodiment of this in 
vention applied to a typical telegraph System; 
and 

Figs. 2A, 2B, 2C and 3 show simplified diagrams 
illustrating the operation of this invention. 
In order that the operation of this system may 

be more fully understood the simplified sketches 
shown in Figs. 2A, 2B and 2C will be described 
first. Fig. 2A represents a T-network or circuit 
Which is approximately equivalent to the line or 
telegraph circuit. r1 and Kr1 represent the re 
Sistance of the line between stations A and 
B and r2 represents the leakage resistance of the 
line. Switch 43 is provided to indicate that the 
leakage resistance r2 of the line may or may not 
be connected to the line. Under dry weather 
conditions Switch 43 is open so that resistance r2 
is not connected while Under Wet Weather condi 
tions switch 43 will be closed so that resistance 
12 Will be connected to the line. In this manner 
Fig. 2A may simulate both wet and dry weather 
COnditions. E represents the magnitude of the 
potential normally applied to the line at station 
B. Imt represents the current flowing in the line 
at station B due to the source of potential E 
normally connected to the line at station B. In 
considering this current the line at station A is 
Shortcircuited so that current from other sources 
of potential Will not flow in the circuit. 
ASSU me that marking and spacing impulses are 

transmitted from station. A to station B and that 
the transmitting relay at station B remains on 
its marking contact. Under these conditions the 
Voltage and current relations under the dry and 
wet weather conditions at station B are as fol 
lows: 

E. 
(1) In (dry)-(liko-Marking current from 

home battery dry weather 
(2) I., (wet)=- F -= Krir 

ri- Kr-r 

E Kr--r Kr(r.1), Marking current 
from home bat 
tery wet weather 

Fig. 2B illustrates the circuit used to determine 
the current Imr flowing in the line at station B 
received from station. A during marking condi 
tions due to the potential E applied to the line 
at Station A. The other designations represent 
the same elements as in Fig. 2A. It is assumed 
that the voltage E at station A is the same as 
the Voltage E. at station B in order to simplify 
the explanation. It is of course not essential that 
these two voltages be the same and if they are 
different, it is only necessary to introduce an 
additional constant in these equations by which 
One Voltage is multiplied to obtain the other volt 
age. Fig. 2B also illustrates the circuit used to 
determine the current Isr flowing in the line at 

2,133,880 
station B due to the Spacing potential NE apply 
ing to the line at station. A to transmit spacing 
impulses. The voltage and current relations un 
der dry and Wet Weather conditions due to the 
potential applied to the line at station A are as 
follows: For reasons later apparent the same volt 
age polarity is used for marking conditions at 
each end of the line. This means that the home 
and distant battery components are in opposite 
directions. 

(3) I (dry) = - (1 K) - Marking current from 
distant end battery 
(dry) 

(4) I (wet)=-f - , , , , y - Marking cur 
ri Kri -- (K-1)r rent from dis 

tant end bat 
tery (wet) 

(5) I,(dry)-NEC FO-spacing current from 
distant 
(dry) 

IWE 2 
-- Spacin C 

ri Kri -- (K-1)re E. Fm dis 
tant end bat 
tery (wet) 

In considering these networks as a part of a 
Signaling or telegraph system with voltages at 
each end of the line the Superposition principle 
is used, which means that the current in any 
part of the line is obtained by adding all the 
Current components together algebraically. 
There is a component current for each source 
of potential in the circuit and each component 
is computed on the assumption that its source 
Of potential is the Only One effective in the cir 
cuit. This, of course, requires that the circuit 
be closed at the points where voltages are re 
moved. Fig. 2C represents a simplified circuit 
under these conditions in which the circuits 
show in 2A and 2B are combined to form a 
representative telegraph system for transmitting 
impulses from station. A to station B. The total 
Current IM and Is in the line at station B under 
the marking and spacing conditions of the trans 
mitting apparatus at station A, respectively, is 
a.S follows: 

end battery 

(6) I., (wet) = 

(7) 

(8) Is(dry)=(1+1)(dry)=25 
When a polar receiving relay is employed at 

Station A, it should be biased by a current IB 
flowing in a biasing winding which produces a 
magnetic effect on the relay which is equivalent 
in magnitude but opposite in direction to the 
magnetic effect of One-half the Sum of the total 
marking and spacing currents, or 

IM - Is (N+1)E 
2 2r (1 - K) 

The Cerresponding values of the marking, spac 
ing and biasing currents under wet weather con 
ditions are as follows: 

E. Rr (10) I(wet)=(I, +I)(wet) = Ar--(K-1)r, 
E(Kri -- r2 - Niro) E. Kri-- (N-1)r 
r(Kr--Kr--r)r, Kri--(K-1)r. 

(Is - IM) - E2Kri - (N-1)r2 
2 2ri Kri--(K-1)re 

If the Systein is to be compensated so that the 
bias does not require adjustment for changes in 
the line leakage resistance, the two biasing cur 

(11) Is(wet) = 

(12) IB(wet)= 
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2,183,880 
rents , under , dry and wet , weather conditions 
should be the equal, or 

(13) IRCdry)= IB(wet) = -E- 

Thus when this relationship that N-2K-1 is 
fulfilled, the marking and spacing currents re 
ceived; at station. Aboth differ from the biasing 
current by the same amount so that the polar 
receiving relay at this station will respondequally 
to these two currents and thus will add no bias 
to the received impulses. 

It is to be understood that an equivalent me 
chanical bias could be employed if it is so de 
sired and the operation of the system would still 
be substantially independent of the leakage re 
sistance of the line under normal conditions. 

-Iti is to be noted that if the expressions for the 
biasing current remain substantially constant and 
independent of the leakage resistance of the line, 
the algebraic sum of the marking and spacing 
currents received from the line also remains Con 
stant, and substantially, independent of the leak 
age resistance because the biasing current is equal 
in magnitude to one-half the algebraic sum of 
the marking and spacing currents received from 
the line. 
The variations of the different component cur 

rents due to changes in the leakage resistance are 
illustrated in Fig. 3 in which the horizontal lines 
between vertical lines 44 represent the various 
currents indicated under dry Weather conditions 

or, N=2K-1 

... and between lines 45 under wet weather condi 
tions. The sloping lines between the dry and wet 
weather conditions indicate the manner in which 
the currents vary, as the leakage resistance of the 

As shown in Fig. 3 the leakage re 
sistance of the line decreases from left to right. 
The scale of the leakage resistance is So chosen 
that these lines are straight. The change in the 
various component currents indicated may be 
determined as follows: 

(14) AIt = In (wet) - Int(dry) 
- E. Kr-r E. 1 

r1(Kri-Kr-r) r(1 - K) 

se:E ri(Kri-Kr-r)(1--K) 
K2 

Antokr Kir)(1+ k) 
(15) AI = I (wet) - Ir(dry) 

-r 1. (Kiki)"Gi Kol 
K - 1 

Amr FCKr-Kir)(1-I-K) + Ant 
=-NF- F -= - Air NFK-LK)(1 + k) - AInt 

In the above calculations, the current in the 
line at one station was considered under the dif 
ferent transmission conditions at the other sta 
tion. So far as the transmission from that sta 
tion to the other station is concerned it is to be 
understood that either of the two conditions could 
be marking and the other spacing. However, 
when conditions are as assumed and the arrange 
ments are the same at both ends of the line 
the transmission in the opposite direction will 
also be independent of the leakage resistance of 
the line because the same equations and rela 

3 
tions also apply: to the transmission in this direc 
tion. 

currents as shown in Fig. 3, it is assumed that 
the normal or marking potentials connected to 
both ends of the line are the same and that the 
equivalent concentrated leakage-resistance is lo 
cated at the center of the line. Under this con 
dition...K=1 and N-3. The line designated. Imr 
represents the current flowing in the line at: sta 
tion:B. due to the marking potential connected to 
the line at station A. It is to be noted that as the 
leakage resistance decreases the current received 
at Station B. decreases, or as shown on Fig. 3, 
AImr is positive. The line designated Int rep 
resents, current flowing in the line at station B due 
to the marking potential connected to the line 
at station B. In this case the current flowing: in 
the line at station.B. increases as the leakage; re 
Sistance: decreases So that as shown on Fig. 3 Amt. 
is positive. Under the assumed conditions when 
K is equal to 1 and the marking potentials, con 
nected to both ends of the line are substantially 
the same, it follows from Equation 15 that AInt 
is equal to AImr. It is to be noted that if it is 
aSSumed...that Imt is: positive, Imr, will be negative 
since: these two currents flow in opposite direc 
tions. The total marking current flowing in the 
line:at station B will be the sum of these two-cur 
rents. This is designated on Fig. 3 as - 

Imr-Int=IM. 
In this case AIm will be twice either AImt or AImr 
because IM is the sum of Imt. and Imr, so AIm will 
be the sum of AImt and AImti and Amr and both 
AImr and AImt are positive. 
When Spacing impulses are transmitted from 

station. A the current received at station B due to 
the Spacing potential applied to the line at sta 
tion A is represented in Fig. 3, by the line desig 
nated Isr. This current Isr under dry conditions 
will be, three times the current Imr because the 
Spacing potential at Station A is three times as 
great as the marking potential, since N is 3 as 
pointed out above. It also follows from Equa 
tion 15 that AIsr, is three times, as large as AImt 
and is in the opposite direction to AImt. The total 
Spacing current Is flowing in the line at station 
B is the sum of Isr and Imt. This current is rep 
resented in Fig. 3, by the line designated 

Is=Imt--Isr. 
AIs is the algebraic sum of AIsr--AImt. Since 
these changes in current are in an opposite direc 
tion AIs will be equal to twice the change the 
current AImt and will be in the opposite direc 
tion. In other words, AIs is of the same mag 
nitude as AIM but in the opposite direction. Thus 
as the leakage resistance decreases the average 
of IM, and Is remains constant. In accordance 
With this invention, the bias of the receiving re 
lays at the respective stations, is adjusted to be 
equal in magnitude to this average value but 
Opposite in effect thereto so that the relays will 
respond equally well to both the marking - and 
Spacing signaling conditions. Assuming that the 
line winding and biasing windings have the same 
number of turns, the line designated -IB rep 
resents, in Fig. 3, the magnitude of the current 
flowing through the biasing winding of the re 
ceiving relays 4 and 6 at station B but is of an 
Opposite polarity. In other words the actual 
biasing current tends to maintain the relay on 
its marking contact while the spacing current 
tends to maintain the relay on its spacing contact. 

In obtaining the relative values of the various 
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vided with two windings. 

justing the bias. 

4. 
It is further evident that for every value of leak 
age resistance the marking and spacing currents 
differ from the minus biasing current by the same 
amount but in opposite directions So the optimum 
biasing current is independent of the leakage re 
sistance of the line. 
The above relations have been derived upon 

the assumption that the leakage resistance is 
concentrated at the center of the line. Actual 
leakage resistance is usually distributed in Ore Or 
less evenly along the exposed portion of the line. 
The actual line may be replaced by an equivalent 
line in Which the leakage resistance is con 
centrated at the center. In this case, however, 
the impedance of the line varies somewhat With 
variations of the leakage resistance so that in 
practice it is found that the effect of the dis 
tributed leakage appears to be a shifting of the 
equivalent concentrated resistance towards one 
end of the line. 
constant K will assume a somewhat different Value 
and for this value the System Will be substan 
tially self-compensating for variations in the dis 
tributed leakage resistance. The difference be 
tween the concentrated values and the distributed 
lines is in practice found to be Small SO that Varia 
tions or adjustments directed to these effects are 
of a second order. 

Referring now to Fig. 1 which illustrates the 
invention applied to a typical telegraph System, 
station A is assumed to be an outlying Sub 
scriber's station while station B is a Central sta 
tion. The telegraph line or channel 9 con 
nects these two stations together and may in 
clude both intermediate terminal composite sets 
as well as other apparatus usually associated With 
telegraph lines or composite toll lines. The re 
sistance indicates the variable leakage to which 
a portion of the line is subjected. As illustrated 
in Fig. 1 the leakage resistance is assumed to 
be substantially in the middle of line 9. This is 
near the position at which it would normally be 
in the usual telegraph system. With this re 
sistance in the middle of the line the K in the 
above equations becomes 1 and N equals 3. Con 
sequently, the spacing potentials connected to 
both ends of the line should be substantially 
three times the normal marking potentials and 
opposite in polarity to these marking potentials. 
At station. A the receiving polar relay 5 is pro 

The upper winding is 
connected in series with the line C While the 
lower winding is connected in a biasing circuit 
provided with a variable resistance 29 for ad 

As pointed out above a me 
chanical bias may be employed instead of the 
electrical bias if desired. A noise Suppression 
network 8 is provided to prevent the telegraph 
signal impulses from disturbing the telephone 
circuit of the composite toll line. The telegraph 
line is then connected through the arrnature of 
relay 33, the contacts of relay 32 and Source of 
potential 40, contacts and armature of relay 32 to 
ground. 

Relay 5 controls receiving equipment 30 
through its armature and contacts. Receiving 
equipment 35 may be of any Suitable type, as for 
example, a telegraph sounder or printing tele 
graph equipment, which operates in its normal 
manner and thus need not be described in detail 
here. Relays 32 and 33 are controlled through 
transmitting contacts 3. These transnitting 
contacts may be of any Suitable type, as for ex 
ample, a tape transmitter or contacts of a tele 
typewriter keyboard. Relays 32 and 33 are both 

This merely means that the 

2,133,380 
provided with two windings, the lower winding 
Serving as a bias Winding and tending to main 
tain the relays on their spacing contacts. The 
current fiowing thirough the upper windings is in 
Such a direction as to move the armatures of 
these relays to their marking position. The cir 
cuit of these upper windings includes brake-key 
44 and transmitting contacts 3. Thus when the 
circuit of this upper winding is opened either at 
the brake-key 44 or the transmitting contacts 3 
the current flowing through the lower winding 
Causes the relay. armatures to move to their 
Spacing positions and make contact. With the 
Spacing contacts. When the upper circuit is 
closed current flowing through the upper windings 
produces an effect Sufficiently greater in magni 
tude upon the armatures to overcome the mag 
netic effect of the lower windings to cause the 
armatures to move to their marking positions and 
make contact with their marking contacts. Re 
sistances 36, 3 and 39 are provided to control 
the current flowing through the respective wind 
ings of these relays so they operate in the manner 
just described to repeat the Signal impulses to 
line 0. Source of potential 49 which is illus 
trated as being 110 volts is connected to the con 
tacts of these relays through resistance netWorks 
comprising resistances 34 and 38. Tap 35 is 
located so that its potential is 36.6 volts negative 
With respect to the positive terminal of Source 40. 
These resistances are connected to the contacts 
of relays 32 and 33 in Such a manner that when 
these relays are held on their marking contacts 
a potential of 36.6 volts positive is introduced 
between line ( and ground and when these re 
lays are on their spacing contacts a voltage of 
110 Volts negative is introduced between line 0 
and ground. Thus the potential applied to line 

during Spacing impulses is of opposite polarity 
and is substantially three times the potential ap 
plied to line ) when these relays are on their 
marking contacts. It is to be understood that 
any other suitable sources of potential may be 
employed to transmit the signal pulses. 
Under normal conditions with relay 2 at sta 

tion B on its marking contact relay 5 at station 
A will not follow the signal impulses transmitted 
fron station A. Consequently the receiving 
equipment 30 will not record a home copy of the 
messages transmitted. If it is desired to secure 
a home copy of the transmitted messages at the 
transmitting station either additional receiving 
equipment may be provided at station A, which 
is operated from transmitting contacts 3 f, or 
additional circuit arrangements provided for 
controlling the receiving equipment 30 both from 
receiving relay 5 and transmitting contacts 3. 
At station B the telegraph line 0 is connected 

through the upper windings of polar receiving 
relays 4 and 6, noise suppression unit 7, ar 
mature and contacts of transmitting relay 2, 
two sources of potential 4 and 42 through net 
works comprising resistances 45 and 46. The 
resistances of network 45 are so related that point 
23 is at a potential of -1-36.6 volts with respect 
to ground. The resistances of network 45 are so 

O 

30 

50 

60 

related that the potential of point 22 is at a po 
tential of -110 volts with respect to ground. 
Here again the voltage connected to the spacing 
Contact is three times the Voltage connected to 
the marking contact and is of the opposite polar 
ity so substantially the same transmitting poten 
tials are applied to both ends of the line for the 
transmission of signal impulses. Under these 
conditions, the transmission in both directions is 
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Self-compensating for changes in the leakage re 
sistance of the line. As shown in Fig. 1 the cir 
cuit arrangement at station B is provided with 
local telegraph apparatus 24 which includes 
transmitting contacts 25, a recording magnet 26 
and a Source of potential 27. It is to be under 
stood, however, that any type of transmitting 
and receiving apparatus, may be connected in 
the circuit and at station B including repeating 
relay windings and contacts of any suitable type 
Of telegraph repeater including both cord circuit 
and carrier current repeaters. Relays 4 and 6 
are provided with a biasing winding which is con 
nected in a biasing circuit including variable re 
Sistance 28 which is used to adjust the biasing 
Current to the proper value as explained herein 
before. Relays 4 and 6 respond to the sig 
nails transmitted from station A. Relay 4 re 
peats the signals to the apparatus 24 connected 
to the local line or loop 50 of station B while 
relay 6 controls the biasing current through the 
transmitting relay 2 in such a manner that relay 
2 does not follow the signal impulses received 
from Station A but is instead maintained on its 
marking contact during this time. However, 
When signals are transmitted from the telegraph 
apparatus 24, relay 21 will follow these signal 
impulses and repeat them to line 0. They then 
cause relay 5 at station. A to repeat the same 
impulses to the receiving equipment 30 at sta 
tion A. 
Thus, when no signals are being transmitted, 

Substantially no current, except leakage current, 
flows in line to because substantially the same 
potential is normally applied to both ends of 
the line. When spacing impulses are transmitted 
from one station, current flows in one direction 
in the line and when the other station transmits 
Spacing impulses, current flows in the opposite 
direction in the line O. 

It should be noted that this arrangement does 
not provide a full duplex circuit between the two 
stations because the receiving relays at both sta 
tions are moved to their marking contacts when 
the transmitting apparatus at both stations are 
on their spacing contacts. Consequently it is 
possible to transmit signal impulses over line O. 
in Only One direction at a time. It is to be noted 
that resistances 2 and 3 connected in line 9 
are provided to limit the current flowing over the 
line and are related to each other in such a 
nanner that the effective leakage resistance 
is Substantially in the center of the line. If it is 
impossible to So adjust these resistances then the 
relative potentials applied to the ends of the 
line under marking and spacing conditions are 
adjusted as pointed out above, so that the re 
Sponse of the receiving relays at both stations 
to both signaling conditions transmitted from a 
distant station is substantially the same and in 
dependent of the leakage resistance of the line. 

It is to be understood that this invention may 
be used in a comprehensive telegraph network 
for transmission to outlying Subscriber or tele 
graph stations over long open Wires as Well as 
between central Switching stations. 
The invention has been described with specific 

reference to the telegraph system shown in Fig. 
1. However, it is to be understood that the in 
vention is equally applicable to transmitting 
telephone or other signaling and Switching im 
pulses over long lines subjected to varying leak 
age resistance. 
What is claimed is: 
1. A two-way non-duplex impulse transmitting 

5 
System comprising a line circuit, open wire lines 
subjected to a variable leakage resistance con 
prising a portion of Said line circuit, similar im 
pulse transmitting and receiving apparatus at 
both ends of said line, means connected to Said 
transmitting apparatus for so adjusting the 
transmitting potentials applied to the ends of 
said line that the response of the receiving de 
vice at the opposite end of said line is substan 
tially the same to all received signaling condi 
tions independent of changes of the magnitude 
of the leakage resistance of said line. 

2. A communication System comprising a line, 
a portion of which is subjected to variable leak 
age resistance, similar receiving relays connected 
to each of the ends of said line, apparatus for 
transmitting two different signaling currents 
from each end of said line and means for control 
iing the transmitting potentials applied by said 
transmitting apparatus whereby the sum of the 
two Signaling currents received at the opposite 
end of said line is Substantially constant and in 
dependent of said line leakage and bias means 
connected to the receiving relays which produces 
a magnetic effect substantially opposite to half 
the magnetic effect of the sum of said signaling 
currents. 

3. A telegraph System comprising a direct 
current telegraph channel, a polar receiving re 
lay connected to each end of said telegraph 
channel, means for normally connecting poten 
tials of the same polarity to both ends of Said 
channel and means for applying potentials of 
opposite polarity to either end of Said channel 
in accordance With the telegraph signal impulses 
to be transmitted thereoVer and means for SO 
adjusting the values of Said potentials with re 
spect to the line resistance and the leakage re 
Sistance that the receiving relays respond to 
both potentials applied to the opposite end of 
said channel substantially the same and inde 
pendent of any change leakage resistance of said. 
line. 

4. In a two-way signaling System a first sta 
tion, a second station, a transmitting channel 
connected between said stations, similar appa 
ratus for receiving impulses at each of said sta 
tions and similar apparatus for transmitting in 
pulses at each of said stations, Said transmitting 
apparatus normally applying the same polarity 
of potential to both ends of said transmitting 
channel and means for applying the opposite 
polarity in accordance with the impulses to be 
transmitted, means for so regulating said po 
tentials in accordance with the distribution of 
resistance of said means for transmitting signal 
impulses that the algebraic sum of the currents 
received at either station from the other station 
is substantially constant and independent of the 
leakage resistance of said transmitting channel. 

5. A two-way telegraph system comprising a 
first station, a second station, a telegraph trans 
mission line connecting said stations subjected. 
to varying leakage resistance, a similar receiving 
relay at each of said stations connected to said 
line, transmitting apparatus at each of said sta 
tions also connected to said line comprising a 
marking condition and a Spacing condition, 
means for applying substantially the same po 
tentials to said line, at both stations in marking 
positions of said apparatus whereby substan 
tially no current flows in said line under this 
condition, and means for applying other poten 
tials to said line when said transmitting appa 
ratus is in its spacing condition. Whereby cur 
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rent flows in said line in one direction. When 
Signals are transmitted in one direction and cur 
rent foWS in said line in the other direction 
When Signals are transmitted in the other direc 
tion, and means for so adjusting the potentials 
applied to Said transmitting apparatus that the 
response of the receiving apparatus at the oppo 
site station is substantially the same for both 
potentials applied at the transmitting Station. 

6. A signaling System comprising a line cir 
cuit Subjected to varying leakage resistance, re 
ceiving apparatus connected to each end of Said 
line, transmitting apparatus connected to each 
end of Said line comprising a marking contact 
and a Spacing contact, means for connecting 
Substantially the same potential to the marking 
contacts of both of Said transmitting devices, 
means for connecting other potentials to the 
Spacing contacts of Said transmitting apparatus 
and means for so adjusting the said potentials 
in accordance With the distribution of resistance 
and leakage of said line that the algebraic Sun. 
Of the currents received at either station fron: 
the other station remains substantially constant 
and independent of the leakage resistance of 
the line. 

7. In combination a line circuit, a polar receiv 
ing relay Connected to each end of said line, 
transmitting apparatus connected to each end 
of said line having a marking contact and a 
spacing contact, means for connecting Substan 
tially the same potential to each of Said mark 
ing contacts, means for connecting substantially 
the same potential to each of Said Spacing Con 
tacts, said potential connected to said Spacing 
contacts being of opposite polarity and Substan 
tially three times the magnitude of the potential 
connected to said marking contacts whereby the 
receiving apparatus at either station responds 
substantially the same to both said marking and 
spacing potentials transmitted from the other 
end of said line independent of Variations of the 
leakage resistance of said line. 

8. A telegraph systein COinpiising a first Sta 
tion, a second station, a telegraph line connected 
between said stations, a portion of which is 
subjected to varying leakage resistance, Siimilar 
receiving apparatus connected to said line at 
each of said stations, si:ilar transmitting ap 
paratus connected to Said line at each of Said 
stations having a larking contact and a Spac 
ing contact, means for coininecting Substantially 
the sane potential to the marking contacts of 
said transmitting appa:"att.S at each of S&id Sta 
tions, means for connecting Substantially the 
same spacing potential to the Spacing contacts 
of said transmitting apparatus at each of Said 
stations which is so related to the potential Con 
nected to both of Said narking contacS and to 
the distribution of eakage resistance and line 
resistance of Said telegraph line that the sum 
of the currets eaceived at 3ither of Said Sta 
tions from the other of Said stations is Substan 
tially constaint, and independent of the leakage 
resistance of S&id line, and bias insanS COOperat 
ing with said receiving apparatus Which pro 
duces an effect, equal in inagnitude to one-half 
the algebraic sum of the currents received at 
each of said stations but Oppisite in direction 
theretO. 
19. In combination, a communication line, re 

ceiving apparatus connected to each end of said 
line, transmitting apparatus connected to each 
end of said line having a marking and a Spacing 
position, means for connecting substantially the 
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same potential to said line when said transmit 
ting apparatus are in their marking positions, 
means for connecting Substantially the Same po 
tential to said line when said transmitting ap 
paratus are in their spacing positions Which is 
Substantially three times the magnitude of the 
potential Connected to Said line When said ap 
paratus are in their marking positions but of 
opposite polarity, and means for regulating the 
distribution of the line resistance With respect 
to the distribution of the leakage resistance of 
said line so that the receiving apparatus at 
either station responds substantially the same 
to both the marking and Spacing potentials ap 
plied to the line at the other station inde 
pendently of variations of the leakage resistance 
of the line. 

10. An impulse transmitting System compris 
ing a first station, a second Station, a line Con 
nected between said stations, similar receiving 
apparatuS connected to said line at each of said 
Stations, Similar transmitting apparatus con 
nected to Said line at each of Said Stations hav 
ing a Sharking and a spacing position, means for 
connecting substantially the same potential to 
Said line When said transmitting apparatus are 
in their marking position, means for connecting 
Substantially the same potential to said line 
when Said apparatus are in their spacing posi 
tion which is opposite in polarity to the potential 
connected to said line when said apparatus are 
in their marking position and which has a mag 
Initude which is equal to the magnitude of the 
potential connected to said marking contacts 
multiplied by the quantity; two times the ratio 
Of the resistance of the line from the receiving 
Station to the equivalent concentrated leakage 
resistance of the line to the resistance of the 
remainder of the line, plus one. 

11. A conmunication system comprising a 
line, similar receiving apparatus connected to 
each end of said line, similar transmitting ap 
paratus connected to each end of said line for 
transmitting two different signaling conditions 
Over Said line and having a marking position and 
a Spacing position, means for connecting substan 
tially the same potentials to the ends of said 
line When said transmitting apparatus are in 
their marking positions, and means for con 
necting Substantially the same potentials to the 
ends of Said line when said transmitting ap 
paratus are in their spacing positions, said 
marking and Spacing potentials being so re 
lated that the bias of the signaling conditions 
transmitted over the line is substantially inde 
pendent of variations in the magnitude of the 
leakage resistance of the line. 

12. A two-Way non-duplex impulse transmit 
ting System comprising a line, similar impulse 
transmitting and receiving apparatus connected 
to each end of Said line, a marking and a spac-. 
ing contact cooperating with both of said trans 
mitting apparatus, means for connecting sources 
of Substantially the same potential to the mark 
ing contacts of said transmitting apparatus, 
means for connecting sources of potential of 
Substantially the same polarity to the spacing 
contacts of said transmitting apparatus, and 
means for. So adjusting the relative potentials 
Connected to said marking and Spacing contacts 
that the bias of the impulses transmitted over 
Said System is substantially independent of the 
magnitude of the leakage resistance of Said line. 
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