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REMOTE CONTROL SYSTEM 

Lloyd W. Lewis, Pittsburgh, Pa., assignor to The 
Union Switch & Signal Company, Swissvale, 
Pa., a corporation of Pennsylvania, 

Original application April 17, 1937, Serial No. 
137,500. Divided and this application Septem 
ber 21, 1940, Serial No. 357,717 

(C. 17-353) 7 Cairns. 

My invention relates generally to remote Con 
trol systems, and more particularly to Systems 
of the above character in which code signals 
are transmitted over a line Which is relatively 
long electrically, such, for example, as a long 
distance cable line having considerable distrib 
uted capacity as well as resistance. More spe 
cifically, the invention relates to the method, 
as well as apparatus, for increasing the maximum 
length of Such cable or other line over which code 
signals may be effectively transmitted and accu 
rately reproduced. 
My invention is particularly adapted for, 

though in no manner limited to, centralized traf 
fic Controlling Systems for railroads employing a 
normally closed line circuit connecting a dis 
patcher's office with a plurality of field stations 
located at spaced points along the line. The 
Code signals employed for transmission from the 
office to the stations and from the stations back 
to the office may be of any suitable character, 
but in the illustrative embodiments which I have 
chosen, these signals are formed by interrupting 
or varying the flow of current from a line bat 
tery which Will usually be located at the dispatch 
er's office. 
My present invention may advantageously be 

applied, for example, to centralized traffic con 
troliing Systems such as disclosed in my copend 
ing application, Serial No. 600,786, which ma 
tured into Letters Patent of the United States 
No. 2,229,249, issued January 21, 1941, and one 
object of my invention is to extend the effective 
length of the territory controlled by such sys 
terns. It will be understood, however, that the 
in ethod and apparatus embodying my invention, 
though explained with reference to a railway 
traffic controlling System of the above type for 
a clearer understanding of the invention, are of 
general utility in signal transmission systems and 
may be employed wherever Suitable current im 
pulses must be effectively transmitted over an 
electrically long transmission line. 
Other objects and features of my invention Will 

become apparent as the description progresses. 
The present application is a division of my 

co-pending application Serial No. 137,500, filed 

iny invention by means of which impulses of 
alternately opposite polarity may be impressed 
upon the line either at a distant field station 
Or at the office, or both, to improve the transmis 
sion characteristics of the line by correcting the 
distortion in the line current. 

Fig. 2 is a diagrammatic view embodying my 
invention, showing other means for correcting 
distortion in the line current, whereas Fig. 3 is a 
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diagrammatic view showing the apparatus of 
Fig. 2 applied to a centralized traffic control sys 
ten. 

FigS. 4 and 5 are diagrammatic views, both en 
bodying my invention, showing additional means 
for overcoming the effect of distortion in the line 
Current upon the line relays. 

Fig. 6 is a diagrammatic view embodying my 
invention and showing a complete line circuit in 
which an office and an intermediate station, sim 
ilar to the office and station of Figs. 1 and 3, re 
Spectively, are combined with an end station sim 
ilar to that of Fig. 1 but of somewhat simplified 
form. 

Similar reference characters refer to similar 
partS in each of the several views. 
The designations for the various relays dis 

closed herein are the same as for the correspond 
ing relays shown in my copending application, 
Serial No. 600,786, hereinbefore referred to, which 
natured into Letters Patent of the United 
States No. 2,229,249, issued January 21, 1941, as 
these relays are provided for the same purpose 
and perform Similar functions to those described 
in Said Copending application and said patent. 
That is, the reference R designates the receiving 
line relay, and is identified by the prefix. O when 
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April 17, 1937, for Remote control system, now 
Patent No. 2,216,820, issued October 8, 1940. 

I shall describe several methods and forms of 
apparatus embodying my invention, and shall 
then point out the novel features thereof in 
claims: 
In the accompanying drawing, Fig. 1 is a dia 

50 

located at the control office or by a numerical 
pi'efix corresponding to the station number when 
located at a particular field station. The refer 
ence T, with corresponding prefix, similarly des 
ignates the corresponding transmitter relay for 
delivering code impulses to the line circuit, while 
M designates the master relay which controls 
the transmission and which is energized only 
When a code is being transmitted from the corre 
SpOnding station. 
In Systems of this character, the code signals 

are formed by opening and closing the line circuit 
at time Spaced intervals, and the line current 
variations in a short line due to the operation of 
any of the transmitting relays T correspond in 
form to the variations of the impressed voltage. 
Actually one or more relatively long impulses 
and/or intervals are interposed in the series of grammatic view showing apparatus embodying 55 impulses to characterize the code, but these being 
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of a lower fundamental frequency are transmitted 
more readily. In a long cable line, considering 
particularly the operation of the office trans 
mitter, a transient current flows into the cable 
to charge the distributed capacity of the cable 
each time the line is closed, and this charge leaks 
off at the remote end in Whole or in part When 
the line is opened. Considering now the voltage 
conditions, when a steady current is flowing, the . 
voltage across the closed line will decrease uni 
formly from a given value E at the office end 
and will become Zero at the distant end, since 
the distant end of the line is closed. This is 
shown diagrammatically in Fig. 3 of the parent 
case referred to hereinbefore. The charge at 
any point along the line is proportional to the 
voltage at that point, and it will be clear that 
the total charge is ACE where C is the total 
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current) corresponds to the mean value of the 
pick-up and release values of current for the 
receiving relays, as determined by their bias 
adjustment. It is also apparent that a change 
in the timing of the signals delivered by the 
contacts of the time relays will occur when the 
average value of the line current becomes either 
greater or less than the particular value men 
tioned. This effect may be decreased and im 
proved transmission may be obtained by increas 
ing the current delivered to the line by impress 
ing impulses of alternately opposite polarity upon 
the line so that the total voltage impressed on 
the line will have well defined positive and nega 
tive peaks, the positive peak coming at the start 
of the impulse and the negative peak at the end 
thereof. In such case, the rate of change of the 
current received at the distant end will be in 

cable capacity and E is the voltage applied to 
the sending end. The effect is substantially as 
if the entire charge were located at the center 
of gravity of a voltage triangle drawn between 
the sending and receiving ends, that is, at a 
point which is one-third of the distance between 
the two ends. 
That distortion of signals results from th 

presence of distributed capacity, due to the open 
ing and closing of the line circuit at the battery 
end, Will be at once apparent because, when the 
line becomes closed, the capacity is charged 
through a resistance proportional to a given dis 
tance, and when the line becomes opened, it dis 
charges through a resistance proportional to a 
distance which is twice as great So that the 
rates of charge, and discharge are not the same. 
The current received at the distant end of the 
line will therefore be non-symmetrical in wave 
form. Moreover, the current delivered to the 
line at the transmitting end Will also be non 
symmetrical in form. 

Considering the transmission from a field sta 
tion to the office, and more particularly from an 
end station, it will be found that the opening 
and closing of the line by the transmitting relay 
will also produce a line current variation at that A. 
end which is similar to the variation produced 
by the office transmitter. In this case, when the 
line is opened, current continues to flow to charge 
the entire line to a given uniform potential and 
a large part of the charge leaks off when the 
line becomes closed. In this case, the charge on 
the line is ACE when the line is closed and equals 
twice that value or CE when the line is open, 
and the effect is Substantially as if the entire 
distributed capacity were concentrated at a point 
one-third of the distance from the end station 
to the office. A transmitter at the distant end, 
therefore, delivers non-symmetrical signals at the 
office, which signals are of the same form as 
those delivered at the end station when the 
office transmitter is operating and a corrective 
circuit is not used. The apparatus disclosed and 
claimed in my parent case above referred to cor 
rects for this type of distortion. 
The impulses of current which are received 

over a short line will usually be quite sharp and 
well defined, the rate of change being high at 
the start and at the end of the impulse. Even 
if the rate of change of current delivered to the 
line relays is relatively low, the line relay con 
tacts will deliver undistorted code signals pro 
vided that the A. C. component of the line current 
is symmetrical and provided further that the 
neutral axis of this current (which equals the 
D. C. component or average value of the line 7 
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creased and the received signals will correspond 
ingly be improved so as to approximate those 
which are received over a relatively short line. 

Referring now to Fig. 1 of the drawing and 
particularly to the apparatus at the right-hand 
or field station portion of this figure, this appa 
ratus performs the corrective function just re 
ferred to. This apparatus comprises an impulse 
transformer la having a periodically reversed 
E. M. F. impressed on its primary by a contact 
finger iO of the transmitting relay T when a 
field station is transmitting. As pointed out in 
my parent application hereinbefore referred to, 
Suitable code transmitting apparatus which forms 
no part of my present invention and which is 
not necessary for an understanding of the in 
vention causes operation of relay M and relay 
T whereby an 'off' impulse is transmitted When 
relay T picks up and an "on' impulse when this 
relay releases. As a result, when relay T picks 
up, a reverse E. M. F. is impressed on the line 
circuit by the full secondary winding comprising 
Winding portions and f2a. Portion of the 
Winding is included in the line circuit both when 
relay T picks up and when it releases, as is appar 
ent from the drawing, and so delivers symmetri 
cal impulses of alternately opposite polarity. The 
current delivered to the line Will therefore be 
of the Symmetrical form, and will have the nec 
essary peak at the start of each impulse. The 
condenser c3 is connected across the input Wind 
ing of transformer a for the purpose of Storing 
the impulse energy so as to avoid the necessity 
for perfect timing of the opening of back con 
tacts to and 2 of relay T, and to prevent sparking 
at these contacts. 

5 5 In the left-hand or office portion of Fig. 1, an 
alternating impulse voltage is also applied to the 
line when the office transmitter OT is operating, 
by apparatus similar to that at the field station 
of Fig. 1, except that the additional secondary 

60 portion 2a is not required. Back contact f3 of 
relay OM at the office and back contact 2 of 
relay M at the station operate in an obvious 
manner to cut the impulse transformer secondary 
out of the line circuit, except during the trans 
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mission of a code, so that the added apparatus 
is without effect upon reception of a code from 
a distant point. 
The apparatus So far described is concerned 

chiefly with the correction of the distortion of 
signals in a long cable line due to the charac 
teristics of the line circuit itself. In addition 
to Such distortion, there is also a distortion re 
Sulting from the operation of the line relays, as 

- Will become apparent from the following discus 
sion. Each receiving relay in the line circuit is 
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an energy consuming device, or motor, and also 
possesses reactance. Each relay, therefore, gen 
erates a counter-electromotive force in the line 
circuit, when the relay operates, in Such a direc 
tion as to oppose the change in the line current 
which is the cause of the relay operation. In 
other words, each line relay upon picking up 
tends to prevent the other relays from picking 
up, and each line relay upon releasing tends, 
likewise, to prevent the other relays from re 
leasing. 
To decrease this effect in practice, it is cus 

tomary, even in the case of a short line, to use 
relays of relatively low resistance. So that the 
total relay resistance included in the line circuit 
is not more than one-half of the total resistance 
of the circuit. This measure is, however, insuffi 
cient when the line is so long that the rate of 
change of the line current is relatively low, in 
which case a slight decrease or increase in the 
rate of change causes a relatively large change 
in the time of operation. If the received curr, 
rent at the end of a long line having no relays 
included therein may be a SSumed to have a 
smooth wave form, then the counter-electro 
motive force due to the inclusion of Several line. 
relays in the line circuit may change the Wave 
form by introducing irregularities which are due 
to the pick-up and release operations of the line 
relayS. 
To overcome this difficulty, I propose to cause 

each line relay, when it operates, to introduce 
a voltage inpuise into the line circuit in a di 
rection such as to oppose and overcome the effect 
of its own counter-electromotive force upon the 
line circuit. One form of apparatus for accom 
plishing this result is that shown in Fig. 2. The 
apparatus of this figure includes an impulse 
transformer having a secondary 5 in series with 
the line and a primary 9 supplied with impulses 
which are periodicaily reversed in direction by 
connection alternately to the contact 2ia or 20b 
of the line relay R. The apparatus of Fig. 2 
functions in a manner genei'aily similar to that 
of the office portion of Fig. 1 already described, 
since relay R of Fig. 2 is controlled by and is 
therefore a repeater of the transmitting relay OT 
which provides the impulses in Fig. 1. 
The apparatus of Fig. 2 may be used not only 

to compensate for the effect of the operation of 
the relays but may also be used to provide an 
additional corrective voltage to improve the re 
ceived signals. The effect of the additional volt 
age provided by the apparatus of Fig. 2 will be 
to increase the rate of change of the line current, 
as in the case Of Fig. 1. 
The effect which the apparatus of Fig. 2 has 

upon the line current differs in one respect from 
that of the office apparatus of Fig. 1 in that the 
added voltage impulse is delayed slightly with 
respect to the transmitter and so follows rather 
than precedes the operation of the adjacent line 
relay. Accordingly, with a plurality of line re 
lays, a corresponding plurality of Overlapping 
impulses will be produced differing slightly in 
time phase. It follows that the energy of the 
individual impulses may, therefore, be relatively 
Small as compared With the energy of the im 
pulses delivered by the transmitting relay at 
the office or at the field station of Fig. 1. The 
apparatus of Fig. 2 possesses the advantage, 
therefore, that the distortion correcting means 
is distributed along the line, whereby the total 
effect may be made as great as desired even 
though the effect of each individual impulse. 
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3. 
transformer may be relatively small. The cul 
mulative effect of the impulses, Such as are pro 
duced by the apparatus of Fig. 2, is obviously 
to accelerate the charge and discharge of the 
line capacity as in the apparatus previously de: 
Scribed, -is 

Fig. 3 illustrates a line circuit arranged to in 
clude apparatus in accordance with Fig. 2. A 
rectifier 6 is included in the branch circuit paSS 
ing over front contact 2 of each station trans 
mitting relay T to provide a low resistance path 
for charging the capacity of the line from the 
end remote from the battery L.B. Thus, in Fig. 
3, when back contact 2 of relay 36T opens (front 
contact 2 of relay 33M having previously be 
come closed in the normal operation of the SyS 
tem), the total voltage impressed on the line by 
the secondaries 5 of the impulse transformers 
will be of the desired value for satisfactory sig 
nal transmission from, the station, while the total 
voltage which is impressed on the line by the line 
battery LB and the impulse transformers when 
back contact 2 of relay 30T Subsequently closes 
will similarly have the desired value for satis 
factory transmission from the office. 

Fig. 4 illustrates a modified form of the inven 
tion of Fig. 2 in which the line relay.R. is provided 
With an auxiliary winding across, which the 
transformer secondary 5b is connected. The 
connections are so arranged with respect to 
polarity that when contact. 20 moves to the left 
an impulse is produced in winding 3b tending 
to accelerate the motion of the contact to the 
left, and when contact 26, moves to the right, an 
impulse is produced to accelerate the movement 
to the right. The effect upon relay R is, there 
fore, the same as if the impulse traversed its 
line winding 2i, as in Fig. 2, and since the two 
relay windings are coupled together magnetically 
and so constitute a transformer, a voltage is im 
pressed upon the line in a similar manner to that 
occurring in the apparatus of Fig. 2. 
In Fig. 5 I have shown a further modification 

of the apparatus of Fig. 2. In apparatus of this 
character, contacts such as 20 of the line, relays. 
R will usually be employed to Control various 
relays such, for example, as L and 2L shown in 
the drawing, and in order to prevent sparking 
when either contact. 2d or 28b opens, a rec 
tifier such as fr or 2r is usually connected across 
the terminals, of the respective relays L. and 2L 
to provide a discharge path for their stored 
inductive energy when the respective energizing 
circuits are opened. In Fig. 5, the line relay R. 
is provided with two auxiliary windings 23, and 
24 which are connected in series in the discharge 
paths of the respective relays L and 2L, where 
by the stored inductive energy of these relays is 
rendered available to provide impulses for ac 
celerating the motion of contact 28. Since Wind 
ings 23 and 24 are inductively coupled with the 
line winding 2, it will be obvious that these in 
pulses are impressed upon the line circuit as in . 
the other forms of the invention. 

Fig. 6 illustrates another manner in which ap 
paratus embodying my invention may be ad 
vantageously employed. In this view, the con 
trol office, apparatus includes an impulse trans 
mitter similar to that shown in Fig. 1, and this 
transmitter delivers control codes to the line cir 
cuit branch which includes back contacts of the 
various relays M and the windings of all the line 
relays R. The impulses which are delivered by 
this office transmitter are reenforced by appa 
ratus similar to that shown in Fig. 2. Further, 
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more, the impulses which are delivered by trans 
mitting relays, such as relay OT, located at rela 
tively short distances from the office are also re 
enforced by apparatus such as that shown in Fig. 
1, which apparatus may be located at One, or 
more of the intermediate stations. However, the 
impulses which are delivered from the more re 
mote stations such as the end station 30 and 
which are subject to greater distortion are fur 
ther reenforced by impulse transmitting appa 
ratus which may take the form shown in Fig. 1. 
This apparatus is shown at the end station of 
Fig. 6. 
From the foregoing description of the appa 

ratus embodying my invention it will be apparent 
that I have provided novel and improved appa 
ratus for materially extending the maximum dis 
tance over which satisfactory transmission of 
code signals Over line, circuits having relatively 
large distributed capacity may be effected. 
Moreover, by decreasing undesirable distortion of 
the received impulses, the apparatus embodying 
my invention renders the operation of the receiv 
ing equipment more positive, decreases the 
amount of power which must be transmitted 
over the line, and materially increases the speed 
of transmission. 

It will be apparent, of course, that the appa 
ratus and method herein described of reducing 
the distortion effect, although applied specifically 
to a centralized traffic control system in railway 
signaling for purposes of illustration and to pro 
vide a better understanding of my invention, are 
not limited to this particular use but may be 
used for improving transmission of code im 
pulses in long cable circuits generally. 
Although I have herein shown and described 

Only a few forms of remote control systems emi 
bodying my invention, it is understood that vari 
OuS changes and modifications may be made 
therein within the scope of the appended claims. 
without departing from the spirit and scope of 
my invention. 
Having thus described my invention, what I 

claim is: - 
1. In a remote control System, two stations 

connected by a line circuit, a source of unidirec 
tional current, a receiving relay at one of said 
stations receiving energy from Said source over 
said line circuit, a transformer having its out 
put winding connected to said line circuit at the 
other station, and transmitting means operable 
at time spaced intervals corresponding to a code 
for alternately deenergizing and energizing said 
receiving relay from said Source and for alter 
nately energizing the input winding of said 
transformer with direct current of one or the 
other relative polarity to deliver impulses of al 
ternately opposite polarity to said line circuit in 
step with the operation of said relay, the polarity 
of said impulses being so chosen with respect to 
the polarity of unidirectional energization of said 
relay from Said source that the impulse occurring 
upon deenergization of said relay opposes said 
unidirectional energization so as to accelerate 
release of the relay whereas the impulse occur 
ring upon energization of the relay aids said uni 
directional energization so as to accelerate pick 
up of said relay. 
2. In a remote control system, two stations 

connected by a line circuit, a source of unidirec 
tional current, a receiving relay at one of said 
stations receiving energy from said source over 
Said line circuit, a transformer having its output 
winding connected to said line circuit at the 

other station, and means operable at time spaced 
intervals corresponding to a code for alternately 
deenergizing and energizing said receiving relay 
from said source and for alternately energizing 

5 the core of said transformer with unidirectional 
magnetization of . One or the other relative polar 
ity to deliver impulses of alternately opposite 
polarity to said line circuit in step with the oper 
ation of said relay, the polarity of said impulses 

10 being so chosen with respect to the polarity of 
unidirectional energization of said relay from 
Said Source that the impulse Occurring upon de 
energization of said relay opposes said unidirec 
tional energization so as to accelerate release of 

15; the relay, whereas the impulse occurring upon 
energization of the relay aids said unidirectional 
energization so as to accelerate pickup of said 
relay. 

3. In a remote control system, two stations 
20 connected by a line circuit, a source of unidirec 

tional current, a receiving relay at one of said 
stations receiving energy from said source over 
said line circuit, and means at the other station 
including transmitting contacts operable at time 

25 Spaced intervals corresponding to a code for al 
ternately deemergizing and energizing said re 
ceiving relay from said Source and for causing 
impulses of alternately opposite polarity to be 
delivered to said line circuit in step with the 

30 operation of said relay, the polarity of said im 
pulses being so chosen with respect to the polar 
ity of unidirectional energization of said relay 
from Said Source that the impulse occurring upon 
deenergization of said relay opposes said uni 

35 directional energization so as to accelerate re 
lease of the relay whereas the impulse occurring 
upon energization of the relay aids said unidirec 
tional energization So as to accelerate pickup of 
said relay. 

* 4. In a remote control system, two stations 
connected by a line circuit, a source of unidi 
rectional current, a receiving relay at one of 
Said stations receiving energy from said source 
Over Said line circuit, transmitting means oper 

45° able at time spaced intervals corresponding to a 
code for alternately deemergizing and energizing 
Said receiving relay from said source, and induc 
tive impulse means at the other station operat 
ing in Step with said transmitting means for 

50 causing impulses of alternately opposite polarity 
to be delivered to said line circuit, the polarity 
of Said impulses being so chosen with respect to 
the polarity of unidirectional energization of 
said relay from said source that the impulse 55 occurring upon deemergization of said relay op 
poses said unidirectional energization. So as to 
accelerate release of the relay whereas the im 
pulse occurring upon energization of the relay 
aids said unidirectional energization. So as to ac 

60 celerate pickup of said relay. 
5. In a remote control System, a transmitting 

and a receiving location connected by a line cir 
cuit, a source of unidirectional current for en 
ergizing said line circuit, a transmitter at the 

65 transmitting location operable at time spaced 
intervals corresponding to a code for alternate 
ly interrupting the flow of current and supply 
ing current from said source to said line circuit, 
and inductive impulse means also at the trans 

70 mitting location controlled by said transmitter 
and operable at said time spaced intervals for 
causing impulses of alternately opposite polarity 
to be delivered to said line circuit, the polarity 
of Said impulses being so chosen with respect to 

75 the polarity of unidirectional energization of said 
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line circuit from said source that the impulse 
occurring upon said interruption of current foW 
opposes said unidirectional energization whereas 
the impulse occurring upon the Supply of cur 
rent aids said unidirectional energization SO as 
to facilitate transmission of the code to said re 
ceiving location. 

6. In a remote control system, a transmitting 
and a receiving location connected by a line cir 
cuit, a Source of unidirectional current for ener 
gizing said line circuit, a transformer having its 
output winding connected to said line circuit at 
said transmitting location, and transmitting 
means also at Said transmitting location oper 
able at time spaced intervals corresponding to 
a code for alternately interrupting the flow of 
current and Supplying current from Said Source 
to said line circuit and for alternately energizing 
the input winding of said transformer with di 
rect current of one or the other relative polarity 
to deliver impulses of alternately opposite polar 
ity to said line circuit in step with the interrup 
tion and the Supply of current to the line circuit, 
the polarity of Said impulses being so chosen with 
respect to the polarity of unidirectional energi 
zation of said line circuit from said source that 
the impulse occurring upon said interruption of 
current flow opposes said unidirectional energi 

10 

5 

20 

25 

5 
Zation whereas the impulse occurring upon the 
Supply of current aids said unidirectional ener 
gization so as to facilitate transmission of the 
code to said receiving location. 

7. In a remote control System, a line circuit, 
a Source of unidirectional current for energizing 
said line circuit, a transformer having its output 
Winding connected to said line circuit, and trans 
mitting means operable at time spaced intervals 
corresponding to a code for alternately inter 
rupting the flow of current and supplying cur 
rent from said source to said line circuit and for 
alternately energizing the input winding of said 
transformer With direct current of one or the 
other relative polarity to deliver impulses of al 
ternately opposite polarity to said line circuit in 
step with the interruption and the supply of cur 
rent to the Jine circuit, the polarity of said im 
pulses being so chosen with respect to the polar 
ity of unidirectional energization of said line 
circuit from said source that the impulse oc 
Curring upon said interruption of current fow 
opposes said unidirectional energization whereas 
the impulse occurring upon the supply of cur 
rent aids said unidirectional energization so as 
to facilitate transmission of the code to said 
receiving location. 

ILOYD. W. LEWIS. 

  


