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SUPERIMPOSED TELEGRAPH CIRCUITS 

Application filed March 8, 1928. Serial No. 258,948, 

This invention relates to superimposed cir- 

‘euits, particularly to the method of coupling 

the superimposed circuit to the circuit or cir 

cuits on which it is superimposed. 

g The object of the invention is to provide 

a novel method of conductively coupling the 

- superimposed circuit to the electrical center 

of the source of potential employed to send 

signaling current over the circuit on which 

1¢ the superimposing is done. This condition is 

necessary in superimposed circuits in order 

that the circuit on which the superimposing 

is done shall not interfere with the super- 

imposed circuits. 
t is also desired by this invention to pro- 

vide the best possible superimposed circuits 

with the least possible effect on the circuits 

upon which they are superimposed. 

The invention may be explained by refer- 

29 ence to the accompanying drawing which 

shows the embodiment of the principles of 

the invention in a superimposed telegraph 

- system. In the system illustrated, two metal- 

lic telegraph circuits have superimposed on 

25 them a third metallic telegraph circuit upon 

- which in turn is superimposed a ground re- 

turn telegraph circuit. In the telegraph sys- 

tem illustrated by the drawing, all the circuits 

18 

shown are arranged for the simultaneous. 

30 transmission of signals in opposite directions, 

~ but it is understood that the invention is not 

to be considered as limited to such a system. 

On the figure the line conductors 11, 11 are 

used in a side circuit which is balanced for 

35 duplex operation by an artificial line 12, the 

-relay coils 18, 14, 15, 16 being suitably con- 

nected in such a way that the transmitter 17 

at the same station does not produce actua-- 

tion of the relay. A similar arrangement is 

40 provided at the other terminal set of this side 
circuit, and at the terminal sets of the side 

cireuit which ‘includes line conductors 12’, 

The relays at the terminal sets are prefer- 

. 45 ably so arranged that the coils which are con- 

nected in the main line, e. g. coils 18 and 15, 

have twice the number of turns of the coils 

in the artificial line, e. g. coils 14 and 16. 

The advantage of this arrangement is found 

in the fact that with a given winding space 

on a relay it is possible by this arrangement 

to secure a greater number of ampere turns 

to operate the relay than can be secured by 

making the artificial and main line coils con- 

tain the same number of turns. This is ex- 

plained in detail in U. S. Patent No. 1,584,682 

to Albert Atherton and George W. Janson. 

The transmitter 17 is schematically rep- 

resented by a tongue 18 having alternate con- 

tacts which are connected to generators 19 

and 20 for supplying current impulses of op- 

50 
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posite polarities to the line through the wind- 

ings of the receiving relay. 
hen transmitting signals over the side 

circuit which includes conductors 11, 11, cur- 

rent impulses of opposite polarities are sent 

to line from potential sources 19 and 20 by 

way of tongue 18 and one or other of its con- 

tacts. There is a tendency for current to 

flow through shunt 21 by reason of its con- 

nection cross the two points at which battery 

is applied to the terminal set on the side cir- 

cuit, but this tendency is minimized because 

of the nature of the shunt. The inductance 

22 and resistance 23 of the shunt are so reg- 
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ulated in relation to the constants in the cir- : 

cuit that the shunting action of the shunt 

circuit at the beginning of a signal is prac- 

tically suppressed. It is not thereafter per- 

mitted to obtain a substantial value before 

the next current reversal. 
The-conductors 24, 24 connect the midpoint 

a of inductive resistance coils 22, 22 to the ter- 

minal set on the phantom circuit which is like 

that provided at the terminals of each of the 

side circuits. Artificial line 32 balances for 

8u 

duplex operation the phantom circuit. The - 

transmitter 37, schematically represented as 

comprising a tongue 38 dnd a pair of contacts 

connected to potential soyrces 39 and 40, is 90
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connected to the junction point of coils 33, 34, 
35, 36 of the receiving relay at the terminal 
set on the phantom circuit. A similar termi- 
nal set is provided at the other end of the 
phantom circuit. . The main line coils of these 
relays may, like those at the terminal sets of 
the side circuits, comprise twice as many 
turns as the corresponding coils in the arti- 
ficial line. In order to provide a ground re- 
turn circuit over the four line conductors 
shown in the drawing, as well as the three 
metallic circuits already mentioned, a shunt 
25 is connected across the two points at which 
transmitting potential is connected to the ter- 
minal sets on the phantom circuit. Like the 
shunt 21 which is connected across the two 
points at which potential is applied to the 
terminal sets on a side circuit, this shunt is 
provided with an inductive resistance coil 26 
and resistances 27, 27 which may be variable. 

- The inductive resistance coil 26 is not induc- 
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‘this reason practically the same vo 

tive to currents originating at the terminals 
of the ground return circuit, but is highly 
inductive to currents from the phantom cir- 
enit. : 

A conductor 28 leads from the electrical 
midpoint a’ of coil 26 to a terminal set 29 for 
the ground return circuit. The terminal set 
includes an artificial’line 30, relay- coils 31, 
31 and a. transmitter connected between 
ground and the junction of the relay coils and 
schematically represented as before, by a 
tongue and two cooperating contacts connect- 
ed to potential sources of opposite polarity. 
The operation of the system will be apparent 
from the following: 
When transmission takes place over the side 

circuit comprising conductors 11, 11, current 
impulses of opposite polarities are transmit- 
ted to line from sources 19 and 20 by way of 
tongue 18 and one or the other of its contacts. 
The shunt 21, by reason of its connection 
across the terminals of the transmitter 17 
tends to absorb part of the line current, but 
this tendency is minimized because of the na- 
ture of the shunt. The high inductance and 
the low resistance of the shunt are so regu- 
lated in relation to the constants of the cir- 
cuit that the shunting action of the shunt cir- 
cuit at the beginning of a signal is practically 
suppressed and is not thereafter permitted to 
attain a substantial value before the next cur- 
rent reversal. 
When the transmitter 17 at the terminal set 

5. reverses the polarity of the signaling current, 
the impedance of the shunt is very igh and 
allows a very small current to flow through it 
to the battery return. This means that at the 
‘beginning of the signal there is a very small 
increase in the voltage drop across the resist- 
ance placed in the connection from potential 
sources 19, 20 to contacts of transmitter 17, 
due to the shunt on the battery supply. .For 

tage is ap- 
plied to the line conductor at the beginning 
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of a signal as would be the case if this shunt 
was not present. 

As the length of time. during which the 
same polarity of signaling current is im- 
pressed in the circuit increases the amount of 
current through the shunt increases, and the 
voltage across the resistance in the leads from 
the potential sources to the transmitter con- 
tacts also increases, lowering the potential ap- 
plied to the line circuit. If the inductance of 
the shunt is high enough in relation to its re- 
sistance, i. e., if the time constant of the shunts 
is sufficiently great, the distant receiving relay 
is reversed in response to the reversal of sig- 
naling current before there is any appreciable 
decrease in signaling current strength, and 
the shorter the time length of signal the less 
final effect the shunt will have in reducing the 
strength of the signaling current. This is 
important because it is always the short sig- 
nals which are the most difficult to transmit 
over a circuit. - 
The same explanation applies to the action 

of shunt 25 in preventing any appreciable 
effect of the phantom circuit transmitter 
upon the superimposed circuit with ground 
return. 

The résistance of the shunt can be made 
as small as is compatible with the minimum 
voltage which must be applied to the line. 
The lower the shunt resistance the greater 
its time constant. 

Since, the shunt is non-inductive to the 
superimposed currents, the impedance which 
it offers to these currents is due only to its 
resistance, which should be made as low as is 
practicable. It will be further observed that 
the effective resistance which it offers to the 
superimposed current is equal to one-fourth 
the resistance offered by the shunt to the cir- 
cuits on which the superimposing is done. 

It is apparent that upon a judicious selec- 
tion of the values of inductance and resist- 
ance of the shunt circuit depends the efficiency 
with which the desired results are attained. 
Ti the inductance of the shunt is of appro- 
priate value compared to the rate of current 
reversal, the shunt circuit instead of absorb- 
ing, may even aid, by reason of the stored 
magnetic energy, in establishing the current 
reversal in the line. 

The use of a single inductive resistance 
coil tapped at its center, rather than of two 
separate coils, offers the advantage of mini- 
mum inductive reactance to the currents from 
the superimposed circuit as well as of maxi- 
mum inductive reactance to current from the 
circuit upon which the superimposing is done. 

In the example illustrated, the adjustable 
resistances 23 and 27 may have a value of 400 
ohms; coils 13 and 15 may have 3500 turns 
and coils 14 and 16, only 1750 turns. - Ob- 
viously, however, these values are given 
merely by way of example and may be varied 
widely to meet varying circuit conditions. 
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Various adaptations of the invention will 

be apparent to persons skilled in the art, and 

the details of the specific embodiment shown 

are not to be taken as limiting the invention, 

which is capable of application to: superim- 

posed circuits generally. 
I claim: 
1. A superimposed telegraph circuit com- 

prising a metallic circuit, telegraph trans- 

mitting means comprising a source of signal- 

ing potentials connected through resistance to 

a pair of terminals of said circuit and a 

shunt circuit connected to said terminals com- 

prising an inductive resistance coil, and a 

conductor of a circuit having a ground re- 

turn connected to the midpoint o: said coil, 

_ whereby the inductance coil offers great, im- 
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- connected to said conductor, w. 
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tial connected to a pair 

pedance to the flow of current from the said 

metallic circuit and negligible impedance to 

flow from said ground return circuit. 
2. The system according to claim 1, in which 

the resistance and inductance of the shunt 

circuit are adjusted in accordance with the 

voltage of said source, the characteristics 

of the metallic circuit, and the speed of signal 

transmission from said source to provide 

minimum ‘shunt effect of the shunt circuit 

upon said source. 
3. The method of operating a system ac- 

cording to claim 1 which comprises regulat- 

ing the relation of the speed of signal trahs- 

mission to the constants of the shunt circuit 

and of the metallic circuit so that substan- 

tially the same voltage is applied to ‘the 

metallic circuit at the beginning of a signal 

as would be the case if. the shunt were not 

present. , 

4, A superimposed telegraph system, com- 

prising a metallic circuit, a source of poten- 
of terminals-thereof, 

a shunt circuit connected to said terminals 

and including an inductance and adjustable: 

resistance, a conductor of a third circuit con- 

nected to the electrical center of said shunt 

circuit, and a source of signaling potential 
hereby the 

shunt circuit offers great impedance to the 

flow of current from said metallic circuit and 

negligible impedance to flow from said third 

circuit conductor. 
5. The system according to claim 1, in 

which the resistance and inductance of the 

shunt circuit are adjusted in accordance with 

the voltage of said source, the characteristics 

of the metallic circuit and the speed of sig- 

nal transmission of the metallic circuit and 

the speed of signal transmission from said 

‘source to provide minimum .shunt effect of 

the shunt circuit upon said source, the resist- 

ance of the shunt circuit being made as small 

as is compatible with the minimum voltage 

which must be applied to the line. 

6. In a superimposed telegraph system, a 

pair of metallic side circuits, a source of 

plex operation, 

potential for each side circuit connected to 

a pair of terminals thereof, an inductive re- 

sistive shunt for each side circuit connected 

to a pair of terminals, a conductor of a phan- 

tom circuit connected across the electrical 

centers of said shunt circuits, a source of po- 

- . tential for the phantom circuit connected to 

said conductor, an inductive resistive shunt 

connected across the terminals of said last 

mentioned source, and a conductor for a 

transmitting circuit connected to the elec- 

‘trical center of said last mentioned shunt. 

7. In a superimposed telegraph system, a 

metallic side circuit, an artificial-balancing 

line therefor, a pair of transmitting terminals 

for the side circuit, a receiving relay com- 

prising coils connected between each terminal 

and the line conductor and between each 

terminal and the artificial line, and a source 

of signaling currents connected to said pair 

‘of terminals whereby signal currents from — 

said source are ineffective to operate said 

relay, a shunt circuit connected across said 

pair of terminals comprising a highly induc- 

tive resistance coil, and a conductor of a 

phantom circuit connected to an intermedi- 

ate point of said coil, whereby signal cur- 

-yents from said source have negligible effect 

upon said phantom circuit. 
8. In a‘ superimposed telegraph system, 

metallic side circuit sets arranged for du- 
sources of signaling poten- 

tials connected. to conjugate transmittin 

terminals of said sets, a terminal set arrange 

~for duplex operation, and means connecting 

said sets to provide a phantom circuit for 

said terminal set comprising shunt circuits 

connected across the terminals of the signal- 

ing sources of said side circuit sets and includ- 

ing inductance coils so wound as to be non- 

inductive to currents from said phantom set 

and highly inductive to currents from said 

side circuit sets, whereby interference is pre- 

vented between the transmitter of each set 

and the receiver of its own or any other set. 
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"9. In a telegraph system, a transmission _ 

line, a terminal set adapted for connection to 

said transmission line, an artificial line for 

balancing said line with respect to trans- 

mitted current from said terminal set, a high- 

ly inductive shunt cireuit connected across 

the conjugate transmitting terminals of said 

set, duplicate apparatus at the other end of 

the transmission line, and means connected 

to the electrical centers of said shunt cir- 

cuits for completing a superimposed circuit 

over said transmission line. 
10. In a superimposed telegraph system, a 

pair of side circuits each comprising a source 

of signaling potentials connected to a pair of 

terminals thereof, a phantom circuit includ- 

ing a source of signaling potentials directly 

connected:to said side circuits and means in 

said phantom circuit connection for prevent- 

ing interference in said phantom circuit from 
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said side circuit signaling sources, said means 
comprising an inductance coil in shunt to the 
terminals of each source, a grounded circuit 
superimposed upon said phantom circuit and 
a means in the connection of.said grounded 
circuit for preventing interference from the 
phantom circuit in said grounded circuit, 
said last mentioned means comprising an 
inductance coil in shunt to the phantom cir- 
cuit signaling sources. 

In testimony whereof-I affix my signature. 
RONALD V. MORGENSTERN.
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