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This invention relates to telegraph cir 
guits, and in particular to shaping networks 
for metallic telegraph circuits. 
The object of the invention is to control 

the distortion at the receiving end of the 
telegraph circuit by means of a properly ad 
justed shunt containing resistance and in 
ductance in combination with a series resist 
ance in the battery leads at the transmitting 
or distant end of the circuit. 
A further object of the invention is to uti 

lize for this purpose the inductive resistance 
shunt in a superposed system which is used 
to provide a means for superposing the phan 
tom circuit on the two side circuits. 

Broadly, the object of the invention is to 
so compensate for line distortion that the 
speed of signal transmission can be materially 
increased. 

he factor which limits the speed at which 
telegraph signals may be transmitted over a 
long metallic circuit has been found to be 
signal distortion. As the speed of opera 
tion is increased this distortion becomes evi 
dent as a shortening of certain signals and 
lengthening of others. In general the tend 
ency is to shorten the pulses of single dot 
frequency following a long pulse of opposite 
polarity. This is a result of the current of 

... the single pulse not having time to attain 
its final or steady state value in the receiving 
relay. - 

The metallic circuit attenuates the signals 
in proportion to their frequency. When the 
lifference between the attenuation to the 
direct current, or Zero frequency, signal com 
ponent and to the highest dot frequency 
transmitted becomes too large, the telegraph 
circuit becomes unworkable on account of 
distortion. The difference between the at 
tenuation of the entire circuit to the highest 
dot frequency of transmission and the at 
tenuation to the lowest dot frequency of 
transianission can be considered as a measure 
of the circuit distortion. 
The permissible difference in the attenu 

ation to the highest dot frequency and the 
attentiation to the lowest dot frequency will 
vary scimewhat with the character of the re 

it ceiving apparatus, Experience has shown 
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that even with modern telegraph relays a 
circuit begins to fail due to distortion when 
the speed is reached where the attenuation to 
the highest dot frequency is twice the attenu 
ation to the lowest frequency. On electrical 
ly long metallic circuits the speed at which 
this ratio obtains is quite low. It is there 
fore necessary to provide some means for 
compensating for distortion if long metallic 
circuits are to be utilized economically for 
telegraph service. - 
There are several methods of compensating 

for this distortion. The method disclosed 
hereinafter is convenient and effective and 
is of particular advantage in connection with 
superposed systems such as disclosed in R. W. 
Morgenstern Patent No. 1758,900, dated May 
13, 1930, entitled Superimposed telegraph 
circuits. In that application an inductive 
shunt about the transmitting generator or 
signal source is used to provide a means for 
conductively connecting the phantom circuit 
to the two side circuits. Because of its selec 
tive action this same inductive shunt can, by 
proper adjustment, serve as the signal shap 
ing means compensating for line distortion. 
As the line circuit attenuates the high fre 
quencies to a greater extent than the low fre 
quencies, a means for attenuating the trans 
mitted signal in such a way as to compensate 
for the circuit attenuation would serve to 
correct signal distortion. 

Figures 1, 2 and 3 illustrate telegraph cir 
cuits with inductive shunts adapted to cor 
rect for signal distortion. 
Figure 1 shows a circuit designed for one 

way metallic transmission only. 
Figure 2 shows a circuit duplexed for two 

way metallic transmission. 
Figure 3 shows a superposed system in 

which both the side circuits and the phantom 
circuit are duplexed for two-way transmis 
sion. In this figure the inductive shunt and 
shaping network is applied to all three cir 
cuits of the superposed system. 
In Figure the line conductors 1, 2 extend 

between transmitting apparatus at one ter 
minal and receiving apparatus at the other. 
The transmitting apparatus comprises metal 
lic generators 3 and 4 having a common termi 
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nal connected to one line conductor 2 with 
their opposite terminals connected through re 
sistances 5 and 6 to the tongue and contacts of 
a transinitter 7, thence to the other line con 
ductor 1. The line terminals to which the transmitting apparatus is connected are ini 
cated at S and 9. In shunt to the line, at 
the terminal 8 and 9, is connected a shut cir 
cuit 10 comprising resistances 11, 1i and in 
ductances 12, 12. As illustrated, the resist 
ance and inductance is split to provide a cen 
ter point C, but this is not essential if the 
shunt does not also serve as a means for con 
ductively connecting a superposed circuit to 
the metallic side circuit. The inductances 
and resistance may be variable. 
At the distant end of line conductors 1, 2 

is a receiving relay 13 comprising coils 14 and 
15. The tongue and contacts of the receiving 

l 

relay are indicated diagrainiatically. 
It will be noted that shunt 10 is in parallel 

with the line circuit. Whatever current fows 
through this shant passes through the com 
mon battery tap resistance 5 or 6, and there 
fore lowers the potential applied to the line 
circuit at terminals 8, 9, since the potential 
applied to the line circuit is the transmitting 
battery potential minus the drop through the 
battery tap resistance. 
The shunt circuit consisting of inductance 

and resistance will pass current in inverse 
proportion to the frequency. Consequently 
the potential applied to the line circuit will 
vary with the signal frequency. it will be 

5 highest for the high frequencies and lowest 
for the steady state, or zero frequency, codi 
tion. This variation in potential applied to 
the line circuit can be made to compensate for 
the unequal attenuation in the circuit. Whe 
the shunt circuit has been properly adjusted, 
the Over-all effect as viewed from the receiv 
ing end is that all frequencies in the signal 
range are more uniformly attentiated. 

Ein Figure 2 the line 16, 17 is balanced for 
duplex operation by means of an artificial 
line 18 at each terminal. As in Figure 1, 
metallic generators 19, 20 are connected to 
line through resistances 21 and 22, and the 
tongue and contacts of trailshitter 23. The 
receiving relay 24 comprises coils 25, 26 and 
an additional coil 27 connected in series with 
the artificial line in the usual manner to 
make the receiving relay 24 non-responsive 
to signals originating at the transmitter of 
the Same station. The tongue and contacts 
of the receiving relay are diagrammatically 
represented at 24, 
As in Figure 1 a shunt circuit 28 is con 

nected across the terminals; 29 and 30 of the 
line. This shunt comprises resistances 31 
which may be variable and inductances 32 
which may also be variable. The shint, 28. 
When suitably adjusted, serves as a shaping 
shunt for signal impulses originating at the 

6 transmitter 23. The electrical midpoint of 
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the shunt, at which a phanton circuit may be 
connected, is indicated at C. 
At the distant station similar apparatus is 

provided the elements of which are indicat 
ed by the same numerals with the prime 
added. Ehus the shunt 28 at the distant 
station is connected to terminals 29, 30'. 
and acts as a shaping network composed of 
resistance and inductance for signal im 
pulses originating at transmitter 23. 

In Figure 3 the apparatus described is 
duplicated for the two side circuits, and sin 
ilar apparatus is used at the phantom cir 
cuit terminals. The line conduct? 1's 33, 3: 
are arranged for duplex operation, and the 
shunt circuits 35 and 35 serve at opposite 
terminal stations to correct for line distor 
tion. In addition these shunt, circuits act 
as means for conductively connecting the 
phantom circuit, conductors 36 and 37 to the 
side circuit. The connection of conductor 
36 to shunt 35 is made at its electric mid 
point 38, and the connection of conductor 37 
is made to the electrical mid-point 39 of 
shunt, 35. A second side circuit coin piis 
ing line conductors 40-41 is adapted foil d 
plex operation by means of antificial illes 
42 and 42. A transmitter 43 is connected to 
terminals 44 and 45 of line coductors 
40-41, and to the same terminals is connect 
ed the shunt circuit 46 comprising resistance 
and inductance. The phantom circuit con 
ductor 47 is connected at the mid-point 4S of 
shunt 46. The plantom circuit appa'atus 
is represented diagrammatically as compris 
ing a transmitter 49 and receiving reisly 50. 
An inductive resistance shunt 51 is connect 
ed across terminals 52, 53 of the transmitter 
49 and serves to shape the sigiai inpuises 
from transmitter 49 to correct fol' line dis 
tortion on the phantom circuit. 

It will be seen that the inductive shunts 35. 
35' 46, 46 are tapped at their electrical mid 
points by the conductor's 36, 37.47 and 54 'e- 
spectively to connect the phantom circuit 
apparatus to the side circuits in non-inter'- 
fering relation. In addition these shunts 35, 
35, 46 and 43' act in combination with the 
battery lead resistances, as shaping networks 
for their respective transmitters. Addition 
all shunts 51, 51' act, in combination with the 
battery lead resistances of the phantom cur 
rent sources, as shaping networks at the ter 
minals of the phantom circuit. The battery 
lead resistances of the phantom circuit are 
indicated at 55-56 and 55-56; of the side 
circuits at 57-58 and 5'-58, and at 59-60 
and 59 -60. 
The operation of the shunt disclosed in the 

above mentioned patent to R. W. Morgen 
stern No. 1,758,900 in providing a midpoint 
connection of the phantom circuit to the side 
circuit current source, is as follows: 

Signals are transmitted to the line at a 
terminal station by supplying current in 
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pulses to the line through the windings of the 
receiving relay. When transmitting signais 
over the side circuit, current impulses of op 
posite polarities are sent to line from the po 
tential sources by Way of the tap resistances, 
transmitter tongue, and one or the other of 
its contacts. There is a tendency for current 
to flow through the shunt by reason of its 
connection across the two points at , which 
battery is applied to the terminal set on the 
side circuit. The inductance and resistance 
of the shunt are so regulated in relation to the 
constants of the circuit that the shunting 
action of the shunt circuit at the beginning of 
a signal is practically suppressed. - 
When the transmitter reverses the polarity 

of the signaling current, the impedance of 
the shunt at that instant is very high and al 
lows 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, due to the 
shunt on the battery supply, across the re 
sistance placed in the connection from the 
potential sources to the contacts of the trans 
mitter. The drop in voltage is so Small how 
ever, that practically the same voltage is ap 
plied to the line conductor at the biginning of 
a signal as would be the case if this shunt 
were not present. - 
As the length of time during which the 

same polarity of signaling current is in 
pressed on 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 
contacts also increases, thus lowering the po 
tential applied to the line. 
The action of the shunt circuit in control 

ling the voltage applied to the line circuit is, 
because of the nature of the shunt, selective 
with frequency. That is, the shunting ac 
tion of the inductive shunt is less for the 
higher frequencies. The drop in voltage 
across the tap resistance is, therefore, greater 
in proportion for the lower frequencies than 
for the higher frequencies and reaches a max 
imum of zero frequency or the direct current 
condition. Accordingly the voltage applied 
to the line is greater for the higher frequen 
cies and less for the lower frequencies. The 
inductive shunt thus has a tendency to dis 
tort the transmitted signal impulses, by ac 
centuating the higher frequency components. 
When the line over which the signals are 

transmitted has a tendency to distort the 
transmitted signals in the opposite sense, 
that is, to attenuate the higher frequency 
components more than it does the lower fre 
quency components, the distortion intro 
duced by the inductive shunt will compen 
sate to a large extent for the distortion intro 
duced by the line. By properly adjusting 
the relative values of resistance and induct 
ance in the shunt and their values with re 
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'spect to the resistance in the battery leads 
and the constants of the line circuit, the in 
ductive shunt may be made to effect substan 
tially complete compensation of the line dis 
tortion. That is, the inductive shunt and 
battery lead resistance form a shaping net 

s work which act to vary the voltage applied 
to the line in accordance with the frequency, 
so that the received wave at the other end of 
the line shall be indistorted. By this meth 
od, the difference between the attenuation 
to the direct current, or Zero frequency, sig 
nal component and the attenuation to the 
highest dot frequency transmitted may be 
made so small that line distortion is reduced 
to a minimum. Thus the shortening of the 
pulses of single dot frequency following a 
long pulse of the opposite polarity is substan 
tially entirely eliminated. 
This makes it possible to reach the much 

desired higher speeds before the attenuation 
ratio at which the distortion makes operation 
impossible is reached. 
The resistance of the shunt can be made 

as Small as is compatible with the minimum 
voltage which must be applied to the line 
and with the ratio it must bear to the other 
elements of the shaping network in order 
that the desired shaping effect may be ob 
tained. 

it should be noted that the resistance in 
the battery leads is a part of the shaping 
circuit. The shaping effect is due to the varia 
tion with frequency of signaling voltage. 
that is, the voltage of the source minus the 
drop through the tap resistances. 
In addition to this effect, when the tongue 

of the transmitting device rests on one con 
tact, magnetic energy is stored in the shunt. 
When the tongue of the transmitting device 
is in mid-air passing between contacts and 
when it reaches the opposite contact, this 
magnetic energy in the shunt is given up to 
the line circuit. This tends to increase the 
peak of the transmitted signals which fur 
ther increases the applied potential at the 
higher frequencies. -- 
The shaping network of the invention is . 

equally applicable to simplex or duplex 
working, and may be applied to any or all 
of the three circuits in a metallic superposed 
system. In Figure 3 the shaping device is 
applied to duplex working on each of the 
side circuits and on the phantom circuit of . 
the superposed system. 
As disclosed in the above mentioned ap 

plication, the inductance of the shunt circuit 
may comprise a single coil tapped at its cen 
ter whereby it offers a minimum inductive 
reactance to superposed currents and a maxi 
mum impedance to current in the side cir 
cuits. 

It is obvious that numerous variations 
may be made in the specific embodiment of 
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the invention disclosed without departing 
from the spirit of the invention. 
We claim: 
1. In a telegraph system a distorting trans 

mission linehaving unequal attenuating prop 
erties for different frequencies of a signaling 
range, transmitting means therefor, a shap 
ing network designed to compensate for said 
linequal attentiation comprising resistance 
and inductance connected in series with said 
transmitting means but in parallel to said 
line, and a superposed circuit connected to 
the electrical midpoint of said resistance and 
inductance. 

2. A telegraph system comprising a dis 
torting line, transmitting and receiving ap 
paratus at each end of the line arranged for 
duplex operation thereover, shunt circuits 
connected in parallel to the line at the line 
terminals of the transmitting apparatus, a 
superposed circuit connected to the electrical 
mid-points of said shunt circuits, and means 
in said shunt circuits for adjusting its electric 
constants so that the potential applied to the 
line from its associated transmitting appara 
tus varies with frequency in a manner to com 
pensate for the linequal attenuating proper 
ties of the line. 

3. A telegraph system comprising a dis 
torting line, transmitting and receiving ap 
paratus at each end of the line arranged for 
duplex operation thereover, inductive shunt 
circuits connected in parallel to the line at 
the line terminals of the transmitting appara 
tus, a superposed circuit connected to the elec 
trical midpoints of said shunt circuits, the 
inductance and resistance of said shunt, cir 
cuits being so adjusted that the shunting ac 
tion of the circuit is practically suppressed 
at the beginning of a signal and thereafter 
varies with frequency in a manner to com 
pensate for the distorting action of the line 
for currents from said transmitting appara 
tus. 

4. A telegraph system comprising a dis 
torting line. transmitting and receiving ap 
paratus at each end of the line arranged for 
duplex operation thereover, inductive shunt 
circuits connected in parallel to the line at 
the line terminals of the transmitting appara 
tus, a superposed circuit connected to the elec 
{rical midpoints of said shunt circuits, trans 
hitting apparatus for said superposed circuit, 

a shunt circuit connected across the Super 
posed circuit transmitter, the electrical con 
stants of said shunt circuits being so adjusted 
that its shunting action varies with frequency 
in a manner to compensate for the distorting 
action of the line for currents from its associ 
ated transmitting apparatlis. 

5. A telegraph system comprising a dis 
ti}rting line, transmitting and receiving ap 
paratus at each end of the line arranged for 
duplex operation thereover, inductive shunt 
circuits connected in parallel to the line at 
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the line terminals of the transmitting appa 
ratus, the electrical constants of said shunt 
circuits being so adjusted that the shunting 
action of the circuit is suppressed at the be 
ginning of a signal and then varies with fre 
quency to compensate for line distortion, a 
Superposed circuit connected to the electrical 
midpoints of said shunt circuits, transmit 
ting and receiving apparatus therefor and a 
shunt circuit for said superposed circuit 
ti'ansmitting apparatus having electrical con 
stants so adjusted that the shunting circuit 
acts as a shaping network for the superposed 
currents to compensate for the distortion of 
said line for superposed currents. 

6. A telegraph system comprising a pair 
of transmission circuits, transmitting and re 
ceiving apparatus at both ends of each trans 
mission circuit arranged for duplex opera 
tion thereover, inductive shunt circuits con 
nected in parallel to the transmission circuits 
at the line terminals of the transmitting ap 
paratus, a superposed circuit connected to the 
electrical midpoints of said shunt circuits, 
transmitting and receiving apparatus for said 
superposed circuit, an inductive shunt for 
said superposed circuit transmitting appa 
ratus, the electrical constants of said last 
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mentioned inductive shunt being adjusted so 
that it will act as a shaping network for cur 
rent from said superposed circuit transmit 
ting apparatus to compensate for distortion 
of said transmission lines of current from 
its associated transmitting apparatus. 

7. A telegraph system comprising a pair 
of transmission circuits, transmitting and re 
ceiving apparatus at both ends of each trans 
mission circuit arranged for duplex operation 
thereover, inductive shunt circuits connected 
in parallel to the transmission circuits at the 
line terminals of the transmitting apparatus, 
a superposed circuit connected to the electri 
cal midpoints of said shunt circuits, trans 
mitting and receiving apparatus for said Su 
perposed circuit, an inductive shunt for said 
Superposed circuit transmitting apparatus, 
the electrical constants of a plurality of said 
inductive shunts being adjusted so that the 
shunt will act as a shaping network for cur 
rent from its associated transmitting appa 
ratus to compensate for distortion in said 
transmission circuits. 

8. A telegraph system comprising a pair 
of transmission lines, transmitting and re 
ceiving apparatus at both ends of each trans 
mission circuit arranged for duplex operation 
thereover, inductive shunt circuits connected 
in parallel to the transmission circuits at the 
line terminals of the transmitting apparatus, 
the electrical constants of the shunt circuit 
being so adjusted that the shunting action of 
the circuit is practically suppressed at the be 
ginning of a signal and thereafter varies with 
frequency in a manner to compensate for the 
distorting action of the transmission circuit 
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for currents from its associated transmitting 
apparatus, a superposed circuit connected to 
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the electrical midpoints of said shunt cir 
cuits, transmitting and receiving apparatus 
for said superposed circuit, a shunt circuit 
connected in parallel to the superposed cir 
cuit at the terminals of the superposed cir 
cuit transmitting apparatus, the electrical 
constants of said last mentioned shunt being 
adjusted so that the potential applied to the 
superposed circuit line from the Superposed 
circuit transmitting apparatus varies with 
frequency in a manner to compensate for the 
distorting action of the superposed circuit 
line for currents from said superposed cir 
cuit transmitting apparatus. 
In testimony whereof, we affix our sig 

natures. - 

RONALD W. MORGENSTERN. 
GEORGE L. ERICKSON. 


