
Dec. 15, 1936. P. N. BOSSART 2,064,641 
APPARATUS FOR RAILWAY TRAIN COMMUNICATION SYSTEMS 

Original Filed March 17, 1936 3. Sheets-Sheet 1 

Transmittingy 
Apparzazas -- 

-- --- -- 
- - -ampm -- 

1 - -p -o- -- -- 

INVENTOR 
AaudA/Aassazod. 
BY 

AZS AT TORNEY 
  



Dec. 15, 1936. P, N. BOSSART 2,064,641. 
APPARATUS FOR RAILWAY TRAIN COMMUNICATION SYSTEMS . 

Original Filed March 17, 1936 3 Sheets-Sheet 2 

96 3. 69 Z 66 
20 A 

1774 OOOOOOOOOOOO 

A. A/ G 2- : A14: 
MM 

t 66 

7 
M. www. 

37 H 
5-772 

49 l 
s l is 

o 

T 
H H 

o o 

so I H 3T GI 

NVENTOR Azul M.B.E.2 A3T / 
AZs ATToRNEY 

  



Dec. 15, 1936. P. N. BOSSART 2,064,641 
APPARATUS FOR RAILWAY TRAIN COMMUNICATION SYSTEMS 

Original Filled March 17, 1936 5. Sheets-Sheet 3 

INVENTOR 

fayet BY 

AIS AT TORNEY 
  



O 

5 

20 

40 

5) 

55 

Patented Dec. 15, 1936 

UNITED STATES 

2,064.64. 

PATENT OFFICE 
2,064,641. 

APPARATUs FoR RAILWAY TRAIN coM 
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Pa., a corporation of Pennsylvania 
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22 Claims. 

My invention relates to apparatus for railway 
train communication systems, and particularly 
to apparatus for railway train telephone systems. 

I will describe several forms of apparatus en 
bodying my invention, and will then point out the 
novel features thereof in claims. 
A feature of my invention is the provision of 

novel and improved apparatus operative to trans 
mit a communication current along a railway 
track. A further, feature of my invention is the 
provision of novel and in proved apparatus ef 
fective to match the characteristic impedance of 
the track rails and a line conductor for efficient 
transmission of a communication current along 
a railway track. Other features and advantages 
of my invention will appear as the specification 
progresses. 
A train signaling system has been proposed in 

the United States application for Letters Patent, 
Serial No. 450,135, filed May 6, 1930, by L. O. 
Grondahl, for Electric train signaling System, 
and which system utilizes the track rails in mull 
tiple as a communication channel for transmit 
ting current from one location on a train to a 
remote location, and which latter location may 
be at another point on the same train or on a 
different train or at a wayside station. My pres 
ent invention may be considered as an improve 
ment on this Grondahl system. 
In such systems, the signaling current is pref 

erably a modulated carrier current, such as, for 
example, a carrier telephone current, and fur 
thermore, the current is preferably supplied di 
rectly to the rails at the sending location and is 
picked up from the rails at the receiving loca 
tion. 
To accomplish two-way communication in such 

systems, each location is provided with equip 
ment which comprises transmitting apparatus 
and receiving apparatus together with means 
operative to effectively couple either the trans 
mitting apparatus or the receiving apparatus 
with the track rails. When the transmit 
ting apparatus at a location is rendered ef 
fective, communication current is Supplied to 
the rails and an electromotive force of cor 
responding frequency is created therein. As 
a result of such electromotive force, current flows 
in the rails in multiple in both directions from 
the point where the electromotive force is cre 
ated and returns through the ground. When the 
receiving apparatus of a location is made effec 
tive, it receives an electromotive force in response 
to such communication current flowing in the 
rails. 

(Cl. 246-8) 
In accordance with my invention, transmission 

Of communication current from the point where 
it is supplied to the rails to a point where it is to 
be picked up from the rails is accomplished in 
part through the medium of a line conductor ef 
fectively coupled with the track rails at selected 
points. To put it another Way, the communica 
tion current supplied to the track rails first flows 
in a track circuit including the rails in multiple 
and ground, is then transferred to a line conduc 10 
tor and carried along the line conductor in both 
directions, and from this line conductor the cur 
rent is transferred at selected points back to 
Other track circuits each of which includes the 
rails in multiple and ground, the current thus 
transferred back to the particular track circuit 
at the location of the cooperating receiving ap 
paratus being picked up from the rails for in 
fluencing such receiving apparatus. By utilizing 
a line conductor which has relatively low attenu 

15 

20 
ation for such communication current, as the in 
termediary for transmitting the current between 
a point in the traffic rails near the sending loca 
tion to a point in the rails near the receiving lo 
cation, a relatively small attenuation of the com 25 
munication current at a distance equal to the 
length of an ordinary freight train may be ob 
tained even at lucalities where low baiast re 
sistance and other unfavorable transmitting con 
ditions exist. Furthermore, apparatus and cir 
cuits constructed in accordance with my inven 
tion are effective to match the characteristic in 
pedance of the track rails with that of the line 
conductor notwithstanding the large difference in 
Such impedances, and a relatively high trans 
mission is efficiently obtained. I am aware that 
it has been proposed to transmit carrier com 
munication current along a railway track by 
applying an electromotive force created across a 
certain length of track to a loop circuit one side 
of which is a line wire and the two remaining 
sides of which are coupling units having direct 
connection with the rails and the line wire. In 
contradistinction with Such systems, transmis 
Sion in accordance with my invention is accom 
plished over two relatively short track circuits 
and a line conductor, one track circuit being at 
the transmitting location and the other track 
circuit being at the receiving location and the 
line conductor serving as a connecting channel 
between these two track circuits. 

For a better understanding of my invention, 
reference may be had to the accompanying draw 
ings, in which Eigs. 1 and 1a are diagrammatic 
views illustrating the varying voltage which ex 
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ists between the track rails and ground as the 
result of an electromotive force created in the 
rails, and also illustrating the flow of current 
through the rails and ground as the result of Such 
voltage. Fig. 2 is a diagrammatic view of appa 
ratus embodying my invention where only one 
track is to be equipped. Fig. 3 is a diagrammatic 
view of preferred apparatus embodying my in 
vention when a double track railway is to be 
equipped. Fig. 4 is a diagrammatic view of ap 
paratus that may be used for a four-track rail 
way and which apparatus embodies my invention. 
Fig. 5 is a diagrammatic view of a modified form 
of apparatus applied to a single track and which 
apparatus also embodies the invention. Fig. 6 is 
a diagrammatic view of the apparatus of Fig. 3 
applied to a stretch of double-track railway pass 
ing through tunnels, or along other points where 
difficult construction conditions are encountered. 

In each of the several views, like reference char 
acters designate similar parts. 

In Fig. 1, the reference character W designates 
a vehicle of a railway train, Such as, for example, 
the caboose of a freight train, and On which ve 
hicle communication equipment including trans 
mitting and receiving apparatus is mounted, but 
of which equipment only the transmitting appa 
ratus A is shown. This transmitting apparatus 
TA may be any one of several types and is 
shown conventionally only for the sake of sim 
plicity since its specific Structure forms no part 
of my invention. Communication current is Sup 
plied from the transmitting apparatus TA to the 
track rails designated by the reference character 
by virtue of the output terminals of the trans 

mitting apparatus being connected with the rails 
over wires 2 and 3, and the truck wheels 4 and 
5 at the opposite ends of the vehicle W, the 
wires 2 and 3 being preferably connected with the 
wheels 4 and 5, respectively through their journal 
bearings. It follows that with the transmitting 
apparatus TA made active, communication cur 

45 

60 

70 

s 

rent flows in the rails between the wheels 4 and 
5 of vehicle W, and a voltage acroSS this length 
of the rails is created and which voltage I shall 
designate E. When this voltage is applied to the 
rails, it may be considered that the average volt 
age of this length of rails to ground is unchanged 
but that the point of wheel 5 is during one-half 
cycle of the current 

E 
2 

volts above ground potential and the point of 
wheel 4 is 

E 
2 

volts below ground potential and during the other 
half cycle of the current, these voltage condi 
tions are reversed. As a result of this voltage. 
created in the rails between the opposite ends of 
the vehicle, communication current flows in the 
rails in each direction from the vehicle and re 
turns through the ground path as illustrated by 
the broken lines in Fig. 1. It follows that at 
all points where the current flows through the 
rails, a voltage between the rails and ground ex 
ists, the current diminishing in value as the 
distance from the vehicle is increased. This di 
minishing value of the current and hence of the 
voltage between the rails and ground is illus 
trated by arrows placed on Fig. 1, and is further 
illustrated quantitively in Fig. 1d. It will be ap 
parent that under relatively high ballast resist 
ance the attenuation of the current and of the 
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voltage between rails and ground will be relatively 
Small, but that under low ballast resistance, the 
attenuation will be relatively high with the result 
that at a relatively short distance away from the 
vehicle little communication current may be de 
tected under the low ballast resistance condition. 
The manner whereby this voltage thus created 
between the rails and ground is utilized for trans 
mitting communication current along the railway 
track Over a line conductor having low attenua 
tion of the current will now be described. 

Referring first to Fig. 2, the reference charac 
ters 6 and T designate the track rails of a rail 
Way track which is non-signaled, that is, the 
rails 6 and 7 are not divided by insulated rail 
joints into track Sections such as are customa 
rily provided for way-side signal systems. A 
conductor 8 extends along the railway track. 
This conductor 8 may be of any suitable size and 
material and may be an aerial wire on a pole 
line Some distance away from the track, or it 
may be in an underground or an aerial cable 
and which cable may have a grounded metallic 
sheet. This conductor may extend from one 
division terminal to the next or along any de 
sired stretch of railway. As a matter of fact, the 
conductor 8 may be used only on relatively short 
stretches where low ballast resistance and other 
unfavorable transmission conditions exist. At 
Selected locations along the conductor 8 are lo 
cated transformers, three such transformers T, 
T2, and T3 being shown in Fig. 2. While only 
three transformers are shown in Fig. 2, it will be 
understood that such transformers are spaced at 
designated locations along the entire length of 
conductor 8, the desired spacing and locations 
for these transformers being referred to here 
inafter. These transformers T, T2, and T3 are 
each effective to couple the track rails 6 and 7 
With the line conductor 8, and since the connec 
tions of the transformers are all alike except 
for the alternation of connection polarity men 
tioned above, it is thought a description of the 
connections for one transformer will suffice for 
an understanding of all. Looking at transformer 
T2, the rails 6 and 7 adjacent this transformer 
are electrically tied together by a tie wire 9, and 
one terminal of a winding ?o of transformer T2 
is connected with tie wire 9 over wire , and 
the other terminal of winding O is connected 
With a ground electrode 2 over wire 3. One 
terminal of the other winding 4 of transformer 
T2 is connected to a junction 5 of the conductor 
8 over wire 6, while the other terminal of wind 
ing 4 is connected with a ground electrode .. 5 
In other words, the transformer T2 has one 
winding C interposed between the track rails 6 
and and ground, and has another winding 4 
interposed between the conductor 8 and ground. 
As stated hereinbefore, the remaining transform 
ers of Fig. 2 are connected in a similar manner 
except for the alternation of connection polarity 
mentioned above. The relative polarity of a 
transformer With respect to that of the trans 
former at the next location may be changed by 
interchanging the connections of either winding 
but not of both windings at the same time. 
Hence, a voltage between the rails and ground 
at the point where the tie wire 9 is connected 
between the rails will cause current to flow from 
the wire 9 to ground through the winding O of 
transformer T2, the circuit being completed 
through the ballast resistance of rails 6 and 7 
on each side of tie wire 9. This current flowing 
in the winding 0, when an alternating current, 
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will induce an electromotive force in the winding 
f4 and when the current is a carrier communi 
cation current as described for Fig. 1, the elec 
tromotive force induced in the winding 4 will 
have a frequency corresponding to the frequency 
of the current supplied by the vehicle apparatus. 
The electromotive force induced in winding 4 
will in turn cause current to flow in the conductor 
8 in both directions from the junction 5 and 
return through the connections between con 
ductor 8 and ground at the several transformer 
locations on each side of junction 5, the circuit 
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being completed from these several connections 
through the ground and the ground electrode 
connected to the lower terminal of winding 4. 
To better describe the apparatus of Fig. 2, I 

shall assume specific conditions for the track, 
line conductor and communication current, and 
to that end I shall consider the ballast resistance 
of the track including the rails 6 and to be rela 
tively low, say, 3 to 6, ohms per thousand feet 
of, track, that the communication current has 
a frequency of the order of 8000 cycles per Sec 
ond, and the line conductor 8 to be of a size to 
provide a desired characteristic impedance to be 
referred to hereinafter. The characteristic in 
pedance of the rack rails in multiple under Such 
conditions of ballast and communication cur 
rent frequency will be from 3.5 to 5 ohms. 
Hence if the connection from the tie wire 9 to 
ground through the winding fo of transformer 

35 

T2 presents an impedance of about 5 ohms, Sub 
stantially one-half of the current caused by the 
voltage between the rails and ground at the point 
of the tie wire 9 will flow to ground through the 
circuit connection including winding O. As a 
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matter of fact, this circuit connection through 
winding O may be so proportioned that its in 
pedance is less than 5 ohms and something ove 
one-half of the current flows from rail to ground 
through the connection should it seem desirable 
to do so, since the current flowing in the rails 
beyond the point of tie wire 9 performs no use 
ful function in the case of a long train. How 
ever, I shall in the following description consider 
this circuit connection to present an impedance 
of 5 ohms so that the current divides at tie 
wire 9, substantially one-half flowing to ground 
through winding to and one-half flowing to 
ground through the distributed ballast resistance. 
The connections between conductor 8 and 

ground at the locations of transformers T, T2, 
and T3 are equivalent to lumped leakage con 
ductances for conductor 8. If two of these trans 
formers are connected per mile, the characteristic 
impedance of conductor 8 will be about 105 ohms 
at 8000 cycles per second, the size and location 
of conductor 8, here assumed an Open Wire line, 
affecting this value considerably. The turns ra 
tio, and mutual winding impedance are so selected 
for the transformers T, T2, and T3 that the 
characteristic impedance of the track rails of 
about 5 ohms approximately matches the 105 
ohm characteristic impedance of conductor 8. 
With such proportioning of parts, the winding 
4, when an electromotive force is induced there 

in in response to communication current flowing 
in winding O, functions as a current source hav 
ing 125 ohms impedance and will sufficiently well 
match a line conductor having a characteristic 
impedance of 105 ohms in each direction from 
the junction with the conductor, or about 53 
ohms total, and a relatively high efficient trans 
mission of the communication current, about 
85% of the theoretical maximum, is effected. 

3 
With winding O of transformer T2 proportioned 
to match 5 ohms impedance and, the winding 
4 proportioned to match 125 ohms impedance, 
the turns ratio of the transformer should be 
about 1 to 5. Although Specific values have here 
been recited, it is readily to be seen that this 
system is very flexible and that any desired re 
lation between track impedance and line in 
pedance may be well matched at the transformer. 
K represents a train occupying the track rails 

6 and 7 of Fig. 2, and of which train, V and W2 
represent two spaced vehicles, such as the 
caboose and locomotive of a freight train, and 
each of which Vehicles is provided with Corn 
munication equipment capable of sending and 
receiving communication current. However, 
only the transmitting apparatus TA of vehicle 
W and the receiving apparatus RA of vehicle 

5 

W2 are shown conventionally since the specific . 
structure of such equipment, as stated herein 
before, forms no part of my present invention. 
The significant thing to be noted is that the 
transmitting apparatus TA is conductively cou 
pled with the rails through the Wheels of ve 
hicle V in the manner described for Fig. 1, and 
the receiving apparatus RA of vehicle V2 is in 
ductively coupled with the rails by virtue of in 
ductor coils 9 and 20 mounted on vehicle V2 
in inductive relation with the rails 6 and , re 
spectively. . . 

In describing the operation of the apparatus 
of Fig. 2, I shall assume the transmitting ap 
paratus TA is made active to supply communi 
cation current which flows in the length of rails 
6 and T between the forward and rear wheels 
of the vehicle W with the result that a voltage 
is created between the rails and ground, such 
voltage having a frequency equal to that of the 
communication current Supplied by apparatus 
TA. This voltage between the rails and ground 
causes current to flow in the rails in both direc 
tions from vehicle V, the current and voltage 
being as illustrated by Figs. 1 and 1a. Assuming 
the vehicle W to be relatively close to the point 
where tie wire 9 is connected between rails 6 
and 7, a relatively large voltage will exist be 
tween the rails and ground adjacent this tie 
wire and a relatively large current, willflow from 
rails to ground through winding of trans 
former 2 with the result a corresponding elec 
tromotive force will be induced in winding 6 of 
transformer T2. The energy transferred to 
Winding 0 will be approximately one-half the 
energy available at tie wire 9 since, as stated 
above, winding to matches the rail impedance 
and substantially one-half of the current flows 
to ground through winding 0. If the trans 
former T2 is assumed to be 100% efficient, this 
energy transferred to winding f will be trans 
ferred without loss to winding is, and in turn will 
be transferred to line conductor 8, the current 
flowing in line conductor 8 dividing into two equal 
parts at the junction 5, one-half of the current 
flowing in each direction from the junction. At 
the junction f8 next to the right along conductor 
8, the current will again subdivide into approxi 
mately equal parts and one-half of the current 
will flow to ground through Winding 2 of trans 
former T3 and the other half will flow in conduc 
tor 8 and to ground at the other connections to 
the right of junction 8. The current flowing 
through winding 2 of transformer T3 will in 
duce an electromotive force in winding 22 of that 
transformer and which electromotive force Will 
in turn set up a current flow in a circuit which 
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4. 
may be traced from the lower terminal of wind 
ing 22, wire 23, tie wire 24 connected between 
rails 6 and 7, the rails in multiple to each side 
of wire 24, rail to ground resistances, ground, 
ground electrode 25, and wire 26 to the top ter 
minal of winding 22. Approximately one-half of 
the current flowing to the tie wire 24 will flow 
in the rails in each direction from the tie wire. 
With the vehicle V2 to the right and relatively 
near to the location of tie wire 24, the current 
flowing in the rails to the right of that tie wire 
will induce an electromotive force in the induc 
tors is and 20 and thereby effectively influence 
the receiving apparatus RA. Arrows have been 
added to Fig. 2 to indicate the flow of currents 
in these several circuit connections at a par 
ticular instant. The arrows shown indicate also 
the direction of energy transfer, and it is assumed 
the transformer windings are connected to pro 
duce relative polarities such that the currents are 
as shown. Starting at the location of tie Wire 
9, the current approximately halves at points 
9, 5, 8, and 24. Neglecting track attenuation 
between vehicle V and tie wire 9, and between 
tie wire 24 and vehicle V2, and assuming 100% 
efficiency of transformers T2 and T3, and Zero 
ground resistances, substantially one-sixteenth 
of the current flowing in the rails to the right 
of vehicle V will reappear in the track at vehicle 
W2 as a result of the energy transferred Over 
line conductor 8. If a factor of two is intro 
duced to take care of transformer efficiencies 
and ground resistances, then about one thirty 
second of the current supplied to the track at 
vehicle V will flow in the rails at the vehicle 
V2, assuming, of course, the vehicles are close 
to the respective tie wires. In the case the ver 
hicles are spaced the distance of two connec 
tions along conductor 8, say from junction 27 to 
junction 8, another factor of two will be in 
troduced so that about one sixty-fourth of the 
current sent out from one vehicle will reach the 
point of the other vehicle, since there will be 
one additional point where the current divides. 
The limiting factor in determining the Spacing 

of the transformers along conductor 8 will be the 
attenuation of the current in the track between 
the vehicles and the tie wires. I have found that 
with a preferred form of communication equip 
ment attenuation of 20,000 to 1 may be permitted. 
If the attenuation through the line conductor, aS 
explained above, is 64 to 1, then attenuation of 
300 to 1 in the track between the vehicles and the 
tie wires may be permitted. A communication 
current of 8000 cycles flowing in the track rails 
halves about every 275 feet at localities Where 
the ballast resistance is only three ohms per 
thousand feet of track. ASSuming Such attenua 
tion for the track rails, an attenuation of 300 to 
1 occurs in about 2300 feet of track, and, conse 
quently, under conditions here assumed for illus 
tration, the transformers T, T2, and T3 should 
be spaced about 2300 feet apart. Practically two 
transformer locations to a mile probably would be 
satisfactory. In the case of a freight train of 
100 cars, approximately one mile in length, relia 
ble transmission of communication current be 
tween the two ends of a train by apparatus Con 
structed as shown in Fig. 2, will be accomplished 
even at localities where the ballast resistance is 
not greater than three ohms per thousand feet of 
track, whereas an attenuation of the order of 
600,000 to 1 would result by transmission through 
the rails and ground alone under Such ballast 
conditions. It should be noted that that portion 

2,064,841 
of the communication current flowing in the rails 
to the right of tie wire 9, will, due to the high 
attenuation, be negligible at the tie wire 24, and 
thus current transmitted between these two lo 
cations through the rails would not appreciably 
affect the current transmitted between these two 
locations over the conductor 8 in the manner ex 
plained above. 

Fig. 3 discloses how the system may be applied 
to a double track railway. The reference char 
acters 28 and 29 designate the track rails of an 
eastbound track EB, and 30 and 3 designate the 
track rails of a westbound track WB. At the 
right-hand side of Fig. 3, these track rails are 
divided by insulated rail joints 32 to form insu 
lated track sections such as commonly employed 
for wayside signal Systems but at the left-hand 
side of Fig. 3, the track rails are non-signaled. 
A line conductor 8 is provided in Fig. 3 the same 
as in Fig. 2. When two tracks are available, the 
rails of each track may be used as the ground 
electrode for the apparatus associated with the 
other track and at each location a Single tranS 
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former may be made effective to transfer energy 
between the rails of either track and the line con 
ductor 8. A railway track having a 3 ohm ballast 
resistance has a resistance between rail and 
ground of only about 2 ohms. Hence, the rails 
of an adjoining track represents a better ground 
electrode than is practical to get by means of the 
usual ground rods or plates. At location A of 
Fig. 3, the two rails 28 and 29 of track EB are tied 
together by tie wire 33, and the two rails 30 and 
3 of track WB are tied together by tie wire 34. 
The winding 35 of a transformer T4 has its two 
opposite terminals connected with these two tie 
wires 33 and 34, respectively, while the other 
winding 36 of transformer T4 has its two opposite 
terminals connected between a junction 37 of line 
conductor 8 and tie Wire 33. It is to be seen that 
the winding 35 of transformer T4 is interposed 
between the rails of track EB and a ground elec 
trode winich electrode is the rails of the track 
WB, and on the other hand, the winding 35 is in 
terposed between the rails of the WB track and 
a ground electrode which electrode is the rails 
of the EB track. The winding 36 of transformer 
T4 is interposed between the line conduc or 8 and 
a ground electrode, which electrode is the rails of 
the eastbound track EB. The transformer T4 is 
designed and proportioned to impedance match 
the track rails and the line conductor in the man 
ner similar to that described for Fig. 2, and it is 
thought that it need not be again rep3ated. It is 
clear that communication current supplied to the 
rails of the westbound track WB near the location 
of tie wire 34 will create a voltage between the 
rails and ground at tie wire 34 and current will 
flow to ground through winding 35 and the rails 
28 and 29 serving as a ground electrode, the value 
of the current in winding 35 being proportional 
to the voltage existing between rails 30 and 31 
and ground. Such current will induce an elec 
tromotive force in winding 36 of transformer T4 
and consequently current will flow in conductor 
8 in both directions from junction 3, and thence 
to ground through the rails. 28 and 29 at the 
transformer locations on each side of junction 37, 
such, for example, as transformer location B 
where a winding 39 of a transformer T5 is inter 
posed between a junction 40 of conductor 8, and 
the rails of the eastbound track. The current 
thus caused to flow in winding 39 of transformer 
T5 will induce an electromotive force in Winding 
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38 of that transformer and which electromotive 
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force will, in turn, cause current to flow in the 
rails 30 and 3 adjacent the location B where it 
Will be available for influencing train carried re 
ceiving apparatus. In a similar manner com 
munication current supplied to the rails of the 
eastboundtrack. EB near the tie wire 33 will create 
a voltage between these rails and ground which 
will cause current to flow to ground through 
winding 35 of transformer T4 and the rails 30 
and 3 serving as a ground electrode. Again, an 
electronotive force will be induced in the wind 
ing 36 which will set up a current flow in the 
conductor 8 in each direction from the junction 
37 and current Will be transferred fron the line 
conductor 8 back to the rails 28 and 29 at loca 
tions on each side of location A. At location B, 
the transformer T5 is connected with the rails 
of the two tracks. EB and WB and with the line 
conductor 8 in a manner similar to the connection 

bridging around the insulated rail joints 32 at 
location B. This network is of the usual con struction and is proportioned and adjusted to ef 
fectively block the flow of track circuit. current 
for the wayside signal system as well as to serve 

30 

35 

the dual-purpose of permitting communication 
current to flow around the insulated joints and 
for furnishing neutral points in the rail to ground 
connections for winding 38 of transformer T5, and 
in the ground connection for winding 39 of that 
transformer. A small resistor 41 may be inter 
posed between winding 39 and the rail connection 
to assure ample resistance in shunt to a possible 
broken rail, so the detection furnished by the wayside signal system is not adversely affected. 

40 

At location C, a transformer T6 is provided 
for transferring communication current between 
the rails of the two tracks, and the conductor 8. 
The connections for transformer T6 are those that might be employed in wayside signalingter 
ritory, but where the connections to the rails are 
not made at insulated rail joints. At this loca 

45 

50 

55 
latter connection. . . 
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tion C, the two rails 28 and 29 of track EB and 
the two rails 30 and 3 of track WB are in each 
case tied together through two resistors, resistors 
43 and 44 being connected between rails 28 and 
:29. and resistors. 45 and 46 being connected be 
tween rails 30 and 31. The winding 47 of trans 
former T6 is connected between the mid point of 
resistors 43 and 44, and the mid point of resistors 
45 and 46, while winding 48 of transformer T6 is 
connected between a junction 49 of conductor 8 
and the mid point of resistors, 43 and 44. A 
small resistor 50 may also be interposed in this 

At location ID, the connections for transformer 
T7 are the same as the connections for trans 
former T5 at location B except for the fact that 
condensers 5 and 52 are interposed in the jump 
er, between the mid points of the resistors tying 
the rails 28 and 29 together on the opposite sides 
of the insulated rail joints, and condensers: 53 
and 54 are interposed in the jumper between the 
midpoints of the resistors tying the rails 30 and 
3 together on the opposite side of the insulated 
rail joints of track. WB. It is clear that with 
proper proportioning of parts, the transformers. 
T5, T6, and T7 will effectively transfer com 70 "munication current between the rails of either 
track EB or WB and the conductor 8 in the same 
manner as described for transformer T4. The 
Spacing of the transformers of Fig. 3 and the 
transformer Windings Would be Selected to match . 75 

the track impedance with the line impedance in 
the manner described for Fig. 2. Kf represents a train occupying the track EB, 
the front end of the train being near the lo 
cation D, and the rear end of the train being 
near the location B. Receiving apparatus RAf is 
shown diagrammatically on the front vehicle of 
the train and transmitting apparatus TAf, is 
shown diagrammatically, on the rear vehicle of 
the train, the receiving apparatus RA including 
two inductors 56 and 55 mounted in inductive re 
lation with the track rails, and the transmitting 
apparatus TAf being conductively coupled with 
the track rails by virtue of the output terminals. 15 of the transmitting apparatus being connected 
With the rails through the truck wheels at the 
opposite end of the vehicle in a manner similar 
to that described for the apparatus of vehicle 
V of Fig. 1. Current supplied by the apparatus 

of transformer T4s at location A. except for the TA will flow in the rails. 28 and 29 between the 
fact a balance circuit network is provided for . 

truck wheels at the opposite end of the vehicle 
and a voltage between the rails and ground will 
be created thereby. This voltage will cause cur 
rent to flow in the rails in the manner explained 
for Fig. 1. At location B, a portion of this cur 
rent will flow from the rails 28 and 29 to ground 
through the winding .38 of transformer T5 and 
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the track rails 30 and 3 acting as a ground elec 
trode. An electromotive force will be induced in 
the winding 39 of transformer T5 in response to 
the current flowing in winding 38 and this elec 
tromotive force will in turn set up a current flow 
in conductor 8 which current divides at junction 
40, substantially one-half flowing in each direc 
tion from that junction. The current appearing 
at junction 89 of conductor 8 will divide and part 
flow to ground through winding 90 of trans 
former TT. The electromotive force induced in 
winding 9 of transformer TT in response to cur 
rent flowing in. winding. 90 will in turn create 
a current flow in the rails 28 and 29 in both di 
rections from the location D, and the receiving apparatus RAf will be effectively energized by 
that portion of the current flowing in the rails to 
the left of location D. In other words, current 
supplied to the track rails at the rear end of the 
train Ki is transferred to line conductor 8 at lo 
cation B which is near the rear end of the train 
and is transferred back from the line conductor 
to the track rails at selected locations, the loca 
tion D which is near the head end of the train 
receiving a portion of the current. It is to be 
noted that that portion of the current which 

- flows in the rails to the right of location B, that 
is, that portion, which does not pass to ground 
through winding 38, will be attenuated at a rela 
tively high rate due to the low ballast resistance 
and the current which appears at locations C and 
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D through the rail and ground circuit alone will 
be negligible in value compared to the current 
transferred to these locations over the line con 
ductor. Again, only a small portion of the cur 
rent passed through winding 38 to the rails 30 
and 31 will flow in the metallic loop formed by 
the rails 30 and 3 in multiple to the right of lo 
cation B, resistors 45 and 46, winding 47, resistors 
43 and 44, and rails 28 and 29 in multiple back to 
location B, since the impedance of the rails is 
high for current of a frequency of 8000 cycles per 
Second, whereas, the ballast impedance is rela 
tively-low for Such current. 

If the receiving apparatus RA on the train 
K were at Some point halfway between trans 
former locations. So that it was receiving about an 
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equal amount of energy from each transformer 75 
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location, it might happen that the phases of the 
currents received Would be such as to Oppose each 
other. This effect can be minimized by alter 
nating the polarity of adjacent transformers as 
mentioned hereinbefore. I have found this neu 
tralization of certain frequencies at certain times 
does exist, but that this neutralization does not 
interfere in receiving a telephone current which 
includes the voice band of frequencies, since the 
wave length of the track is different for different 
frequencies. It should be pointed out that this 
neutraliziation can occur for a given single fre 
quency only at one point between transformer 
locations, and it is necessary that the phases be 
in exact opposition at the particular point and, 
if the train is in motion, this condition would ex 
ist for a very short time Only. 

Fig. 4 discloses four different arrangements 
that may be used for applying the invention to a 
four-track railway, the tracks being designated 
by the reference characters T, 2T, 3T, and 4T. 
The line conductor 8 of Fig. 4 extends along the 
railway the same as in previous cases. At loca 
tion F, the connections are what may be used in 
nonsignal territory and are similar to location 
A of Fig. 3, being in effect two pairs of two tracks 
each. The rails of tracks. T and 2T are tied 
together by tie wires 57 and 58, respectively, and 
the opposite terminals of winding 59 of trans 
former T8 are connected with these two tie wires. 
Hence, the rails of track Tserve as a ground elec 
trode for communicating current supplied to the 
rails of track 2 and vice versa. In like manner, 
the rails of tracks 3T and 4T are tied together 
by tie wires 60 and 6, respectively, and the wind 
ing 62 of transformer T9 is connected between 
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these two tie wires with the result that the rails 
of track 3T serve as a ground electrode for cur 
rent supplied to the rails of track 4T and vice 
versa. The other winding 63 of transformer T8 
and the other winding 64 of the transformer T9 
are serially connected between a junction 65 of 
line conductor 8 and the tie wire 6 of track 
4T, and hence the rails of track 4T serve as a 
ground electrode for this line connection. 
At location F, the connections are similar to 

those at location F except that tracks fT and 3T 
form one pair and the tracks 2T and 4T form a 
second pair. That is, the winding 92 of trans 
former TO is interposed between the rails of 
track Tand the rails of track 3T, and the wind 
ing 93 of transformer Tff is interposed between 
the rails of track 2T and the rails of track 4T, 
the windings 94 and 95 of the two transformers 
being serially connected between a junction 96 
of line conductor 8 and the rails of track 4T. 
This line connection may be to any track other 
than track 4T, but it should be so chosen that the 
line current flowing to ground at the point will 
be in phase with the current to ground from the 
other winding connected at this same point. Also, 
the advantage of the arrangement at location Fl 
is that current flowing from conductor 8 to 
ground creates current in tracks T and 2T that 
are in phase with each other and the inductive 
effects on an inductor on a train on either track 
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T or 2T will add, and likewise for tracks 3T 
and 4T. . . 

At location G of Fig. 4, the connections are 
substantially double those of location D of Fig. 3 
except for the fact that winding 66 of trans 
former T2 associated with tracks. T. and 2 
and the winding 67 of transformer T3 associated 
with tracks 3T and 4T are serially connected be 
tween a junction 68 of the line conductor and a 
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neutral point 69 of the network bridging the 
insulated rail joints of track 4T. 
Another possibility is shown at location H of 

Fig. 4. A transformer T4 is provided with one 
winding 70 connected between the junction 7 
of line conductor 8 and a ground electrode 72, 
and is also provided with four other separate 
windings 73, 74, 75, and 76 each of which is con 
nected to the rails of a particular one of the tracks 
and ground as will be readily understood by an 
inspection of Fig. 4. It is clear that transformer 
connections in each of the four cases of Fig. 4 
may be so proportioned as to effectively imped 
ance match the track rails with the line conduc 
tor. In view of the foregoing, it is clear that 
the apparatus of Fig. 4 will be effective to trans 
fer communication current supplied to any one of 
the tracks to the line conductor and to then trans 
fer this current back from the line conductor to 
the track rails of the same track at selected points. 

It will be possible to use a line conductor not 
connected to ground at any point except at the 
terminals by connecting one winding of each of 
the Spaced transformers in series with the con 
ductor. In Fig. 5, the reference characters 77 
and 78 designate the track rails of a railway along 
which a line conductor 8a extends. At location 
L, the rails 7 and T8 are tied together by tie wire 
19 and winding 80 of a transformer T5 is con 
nected between tie wire T9 and ground electrode 
8. The other winding 82 of transformer T5 is 
Serially interposed in the line conductor 8a. At 
location M, a transformer T6 is provided with 
connections for its two windings 83 and 84 similar 
to those just described for transformer T5. At 
location N, connections for an insulated rail joint 
location are disclosed. Here the winding 85 of a 
transformer TT is connected between a ground 
electrode, and the neutral point of the network 
Spanning the insulated rail joints while the other 
winding 86 of the transformer is serially inter 
posed in the line conductor 8a. In this form of 
the apparatus, the opposite ends of conductor 8a. 
may be grounded through resistors 87 and 88, 
respectively. Although only three locations are 
disclosed in Fig. 5, it will be understood that 
Similar locations would be provided at selected 
points along the entire length of track equipped. 
It is clear that voltage created between track 
rails 7 and 78 and ground at tie Wire T9 will 
cause current to flow to ground through winding 
80 of transformer Tf 5 and will induce an electro 
motive force in the winding 82 of that trans 
former. This electromotive force will cause cur 
rent to flow in the line conductor in each direc 
tion from location L and return through the 
ground path. A portion of the energy will be 
transferred back to the rails at each of the trans 
former locations on each side of location Land 
which energy will be available for effectively 
influencing train carried receiving apparatus in 
the same manner as described for previous cases. 
Such an arrangement as disclosed in Fig. 5 would 
be useful for Communicating from one end of a 
division of a railway to a train throughout the 
division or over a relatively long stretch of track. 

Fig. 6 discloses a specific adaptation of the 
invention to a double track railway at a locality 
where unusual construction conditions are en 
countered. In Fig. 6, the two tracks WB and EB 
of a railway pass through the single track tunnels 
TU and 2TU, respectively, the two tunnels being 

Substantially parallel to each other and rela 
tively long. The provision of a line conductor 
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for conveying communication current along the 
track through such tunnels is very desirable be 
cause high attenuation of communication current 
along the track rails occurs due to the wet ballast 
conditions. Transformer locations within such 
tunnels for coupling the rails to a line conductor 
are undesirable and expensive due to the con 
struction conditions. One method which may be 
used for coupling the rails to a line conductor 
through tunnels will now be described. Four 
transformer locations are provided at each side 
of the tunnels of Fig. 6, locations D1, E, Gl, and 
H being to the west or left-hand side of the 
tunnels, and locations H2, A, B?, and C being 

: at the east or right-hand side of the tunnels. 
The two locations H and H2 are preferably close 
to the respective tunnel entrances while the other 
locations are spaced along the tracks as desired. 
It will be understood, of course, that the inven 
tion is not limited to four transformer locations 
and the locations of Fig. 6 are for illustration 
only." . . . . m 
: A line conductor 8b extends from location Df 
up to the west entrance of the tunnels, and at the 
east end a line conductor 8c extends from loca 
tion: Cf up to the east entrance of the tunnels. 
These two conductors 8b and 8c may be similar 
to the line conductor 8 of Fig. 3. . . . . . . . . . . 
The transformers. T8, Ti9, and T20 at the 

locations D, Ef, and Gl, respectively, are each 
connected with the track rails and with the line 
conductor 8b in the manner explained for the 
transformer at location B of Fig. 3 and need not 
be repeated. It is to be noted, however, that in 
this instance, the line to rail connection for these 

- transformers as well as that for transformer 
T24 at location H are connected. With the rails 
of one track at one location and then with the 
rails of the other track at the next location. 
That is, winding 97 of transformer T8 at loca 
tion D? is interposed between line conductor 8b 
and the rails of track EB, winding 98 of trans 
'former T9 at the next location Ef is interposed 
between conductor 8b and the rails of track WB, 
winding 99 of transformer T20 at the next loca 
tion G is interposed between conductor 8b and 
the rails of track EB, and winding if of trans 
former T24 is interposed between the conductor 
8b and the rails of track WB. 
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The connections for the transformers T2, 
T22, and T23 at locations A, B, and C, respec 
tively, will be readily understood by an inspection 
of Fig. 6, and need not be further discussed. It 
is to be noted that locations Bf and C are loca 
tions in track-circuited territory at points other 
than insulated rail joint locations. 
The transformers. T24 and T25 at the tunnel 

entrance locations Hand H2, respectively, are 
similar to the other transformers except that 
each is provided with three windings, two of the 

1 windings in each case being interposed in rail to 

65 

ground and line to ground connections the same 
as already described for the other transformers 
D.8, etc. The third, winding of each of these 
transformers is used to couple to a line Wire loop 
circuit to be now described. 
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A line wire loop circuit for coupling between 
the line conductors 8b and 8c is provided, and 
which loop circuit includes line conductors 8d and 
8e, extending through the tunnels TU and 2TU, 
respectively. These conductors 8d and 8e are here 
shown as mounted on the south wall of the respec 
tive tunnel and are preferably supported on insu 
lators secured to the tunnel walls, the arrange 
ment being Such that the conductors 8d and 8e 

energy with the other two windings 

as the rails. 

carried inductors. 

ner described in the former cases. 
the current flowing in the line conductor 8b will 

7 
are about 5 feet above the top of the rails. These 
conductors 8d and 8e may be of any convenient 
size and are preferably insulated to avoid leakage 
as much as possible. It will be understood, of 
course, that other mounting of the conductors. 8d. 
and 8e may be provided if desired. The complete 
loop circuit is made up of winding 00 of trans 
former T25, wire. Of, line conductor 8e through 
tunnel 2TU, wire O2, a condenser 03, winding 04 
of transformer T24, wire fo5, line conductor. 8d 
through tunnel TU, wire 06, a condenser 07, 
and thence to the winding.00 of transformer T25. 
The winding 00 of transformer T25 is propor 
tioned and adjusted to efficiently transfer energy 

1 to this loop circuit from either winding 08 or 
109 of transformer T25, or to transfer energy from 
the loop circuit to windings O8 and 109. Like 
wise, the winding G4 of transformer T24 is pro 
portioned and adjusted to efficiently transfer 

f0, and if 
of that transformer, 
- Taking the communication, current to be as as 
Sumed hereinbefore, a side band of carrier of 8000 
cycles per second nodulated at voice frequencies, 
the condensers G3 and 07 tune the loop to the 
geometric means frequency of the pass band, and 
then the turns of windings fo) and 04 are so pro 
portioned and adjusted that this loop. circuit is 
.impedance matched at the edges of the frequency 
band of the communication current, and which 
makes its matching impedance about one-fifth of 
the line reactance.' Such adjustment will give 
the best quality with the highest transmission 
efficiency for the given band of frequencies. TWO 
condensers 03 and 7 are preferably used be 
cause I have found that with a long wire having 
fairly high capacitance to ground and possibly 
of considerable leakage, series tuning is more 
effective if the condensers are installed at two or 
more points distant from each other. Such tun 
ing Will give a relatively high current level in the 
loop circuit. It has been proposed for railway 
train communication systems of the type here 
being considered to mount the receiving inductors, 
such, for example, as inductors 55 and 56 of Fig. 
:3, above the body of the vehicle... In such cases, 
the line conductors 8d and 8e through the tunnels 
xwill be almost as close to the receiving inductors 

Consequently, these line conductors 
may be effective for direct induction to the train 

Including these tunnel con 
ductors in a closed loop circuit avoids the neces 
-sity of a ground return with its added resistance. 

Assuming a train such as train K of Fig. 3 
occupies the track EB of Fig. 6 with the forward 
Vehicle within the tunnel 2TU and the rear ve 
hicle near, say, location E, communication cur 
rent supplied to the rails by the rear vehicle 
equipment will, through transformer T19, trans 
fer current to the line conductor 8b in the man 

A portion of 

pass to ground through the winding of trans 
former T24 and will induce an electromotive force. 
in the winding 04 of that transformer. Such 
electromotive force induced in winding fo4 will 
set up a current in the loop circuit, and hence will 
flow in the line conductor 8e through the tunnel 
2TU. This current flowing in conductor 8e will 
be effective to induce an electronotive force in the 
receiving inductors of the forward vehicle. Cur 
rent supplied to the rails by the transmitting 
equipment of the forward vehicle will cause a 
Current to flow in the rails in each direction from 
such vehicle. Although high attenuation of such 
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Current Will occur due to the wet ballast condi 
tions within the tunnel, an electromotive force 
Will be induced in the line conductor 8e due to the 
induction of the rails to the line conductor and 
current will flow in the loop circuit. Current 
flowing in the loop circuit will, through trans 
former T24 transfer energy to the line conductor 
8b, and current flowing in conductor 8b will trans 
fer energy to the rails of track EB at location E 
through transformer T9. Current thus trans 
ferred to the rails of track EB at location E will 
be effective to influence the receiving inductors 
of the rear vehicle of the train. When the train 
advances to a point where the forward vehicle is 
near, Say, location B and the rear vehicle is in 
the tunnel, communication will be effected be 
tween these two vehicles through line conductor 
8c and the loop circuit in a manner similar to that 
described above. Again, assuming the forward 
vehicle of the train is near the location A and the 
rear vehicle is near location Gf on the opposite 
side of the tunnel, communication current sup 
plied to the rails at the rear vehicle will be trans 
ferred through transformer T20 to line conductor 
3b, then to the loop circuit through transformer 
T24, from the loop circuit to conductor 8c through 
transformer T25, and from conductor 8c to the 
rails at location. At through transformer T2 . . In 
a similar manner communication current supplied 
to the rails at the forward vehicle will be trans 
ferred over line conductor 8c, loop circuit, line 
conductor 8b, and to the rails at location G for 
effectively influencing the receiving apparatus at 
the rear vehicle. It is clear that the apparatus 
of Fig. 6 will be effective to transfer communica 
tion current for a train occupying the track WB 
in a manner Similar to that described for the train 
operating on the track EB. 

It will be understood that the values indicated 
In the foregoing description are simply for. ex 
plaining the system and that they may be widely 
varied while still retaining the principle of the 
invention. 

i.lthough I have herein shown and described 
Snly certain forms of apparatus embodying my 
invention, it is understood that Warious changes 
and modifications may be made therein within 
the scope of the appended claims without de 
parting from the Spirit and scope of my inven 
tion. 

Having thus described 
claim is: 

1. In combination, a railway track, a train 
adapted to travel on said track, train-carried 
means operative, to Supply communication cur 
rent to the rails for Creating a voltage between 
the rails and ground, a conductor extending 
along the track, a plurality of transformers one 
at each of selected locations along, the track, 
means for each transformer to connect one of 
its windings between the rails and ground and to 
connect another One of its windings between the 
conductor and ground, said transformers opera 
tive to transfer energy between the rails and said 
conductor at one location due to said voltage and 

my invention, what I 

to transfer such energy from the conductor back 
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to the rails at other locations, and receiving 
means effectively influenced by such energy 
transferred back to the rails. 

2. In combination, a railway track, a train 
adapted to travel on said track, train-carried 
neanS Operative to Supply communication, cur 
rent to the rails for creating a voltage between 
the rails and ground, a conductor extending 
along the track, a plurality of transformers one 

2,064,84. 
at each of selected Iocations along the track, 
means for each transformer to connect one of its 
Windings between the rails and ground and to 
Connect another one of its windings between the 
conductor and ground, said transformers Opera 
tive to transfer energy between the rails and said 
conductor at one location due to said Voltage 
and to transfer such energy from the conductor 
back to the rails at other locations, said trans 
formers so designed as to match the character 
istic impedance of the track rails With that of 
Said conductor for efficient transmission of the 
energy, and receiving means effectively influ 
enced by the energy transferred back to the rails 
at a particular one of said other locations. 

3. In combination, a railway track, a train 
adapted to travel on said track, train-carried 
neans operative to supply communication C 
ent to the rails for creating a Voltage between 
the rails and ground, a line conductor extending 
along the track, a plurality of transformers 
Spaced along the track, a first circuit COnnection 
for each transformer to connect One of its wind 
ings between the rails and ground, a second cir 
cuit connection for each transformer for effec 
tively coupling another Winding of the trans 
former with said conductor, said circuit Connec 
tions so designed as to match the characteristic 
impedance of the track rails with that of said 
Conductor whereby said transformers are Opera 
tive to transfer energy between the rails and the 
conductor at one location due to said Voltage and 
to transfer such energy from the conductor back 
to the rails at other locations on each side of said 
One location, and receiving apparatus effectively 
influenced by the energy transferred back to the 
rails at a particular One of Said other locations. 

4. In combination, a railway track, a train 
adapted to travel on said track, train-carried 

Soperatiye to supply communication 
rent to the rails for. creating a voltage between 
the rails and ground, a line conductor extending 
along the track, a plurality of transformers One 
at each of Selected locations along the track, cir 
cuit means at each such location to effectively 
Connect the two rails together, a first circuit CO 
nection at each Such location to Connect one 
Winding of the transformer between the circuit 
means and ground, a second circuit connection 

match the characteristic impedance of the track 
rails in multiple with that of Said conductor 
Whereby energy in the rails due to said voltage is 
transferred to the conductor at the location ad 
Jacent Said train-carried means and is trans 
ferred from the conductor back to the rails at 
logations on each side of said adjacent location. 

5. In COabination, a railway track, a line con 
ductor extending along the track, a transformer 
located at a selected location along the track, cir. 
cuit means at said transformer location to effec 
tively connect the two rails together, a first cir 
cuit connection to connect a mid point of said 
circuit means with ground and including one 
Winding of the transformer, a second Circuit con 
nection to couple another winding of the trans 
former with the conductor, said transformer 
Windings designed to match the characteristic 
impedance of the rails at a given frequency with 
the characteristic impedance of the line con 
ductor at said given frequency, transmitting ap 
paratus operative to create a voltage of said fre 
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current to flow through said one winding and 
thereby cause such current to flow in the con 
ductor, and receiving apparatus remote from said 
transmitting apparatus effectively influenced by 
the current transferred over said conductor. 

6. In combination, a railway track, a line con 
ductor extending along the track, a transformer, 
means to connect one winding of the transformer 
between the rails in multiple and ground and to 
connect another winding of the transformer be 
tween said conductor and ground, and said wind 
ings designed to match the characteristic imped 
ance of the rails at a given carrier frequency with 
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the characteristic impedance of the line conduc 
tor at said frequency. 

7. In combination, a railway track, a line con 
ductor extending along the track, a transformer, 
means to connect one winding of the transformer 
between the rails in multiple and ground and to 
connect another winding of the transformer be 
tween said conductor and ground, said windings 
designed to match the characteristic impedance 
of the rails at a given frequency with the char 
acteristic impedance of said line conductor at 
said given frequency, transmitting apparatus op 
erative to create a voltage of said frequency be 
tween the rails and ground for causing current 
to flow through said one winding and thereby 
cause such current to flow in the conductor, and 
receiving apparatus remote from the transmit 
ting apparatus effectively influenced by the cur 
rent transferred to the conductor. 

8. In combination, a railway track, a line con 
ductor extending along the track, a transformer, 
a first circuit means to connect the rails in mul 
tiple with ground and including one winding of 
the transformer, said circuit means designed to 
present an impedance for a carrier current of a 
given frequency substantially equal to the rail 
and ballast impedance for such current, a second 
circuit means to connect the conductor with 
ground and including another winding of the 
transformer, said second circuit means designed 
to present an impedance to said carrier current 
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substantially equal to the characteristic imped 
ance of the line conductor for said current, 
transmitting apparatus operative to create a volt 
age of said frequency between the rails and 
ground for causing current to flow to ground 
through said first circuit means and thereby 
transfer current to the line conductor, and re 
ceiving apparatus remote from the transmitting 
apparatus effectively influenced by current 
transferred to the line conductor through said 
transformer. 

9. In combination, a railway track, a train 
adapted to travel on said track, a conductor ex 
tending along the track, a plurality of trans 
formers one at each of selected locations along 
the track, means for each transformer to connect 
one of its windings between the rails and ground 
and to connect another one of its windings be 
tween the conductor and ground, each of Said 
transformers operative to cause a communica 
tion current to flow in the conductor in both di 
rections from that location in response to voltage 
created between the rails and ground at the same 
location and to cause such current to flow in the 
rails in both directions from this location when 
such current flows in the conductor at the loca 
tion, and train-carried means including trans 
mitting apparatus effective to supply communica 
tion current to the rails for creating a voltage 
between the rails and ground and also including 

9 
receiving apparatus effectively influenced by such 
current flowing in the rails, 

10. In combination, a railway track, a train 
adapted to travel on said track, a conductor ex 
tending along the track, a plurality of trans 
formers one at each of selected locations along 
the track, means for each transformer to connect 
one of its windings between the rails and ground 
and to connect another one of its windings be 
tween the conductor and ground, each of said 
transformers operative to cause a communication 
current to flow in the conductor in both direc 
tions from that location in response to voltage 
created between the rails and ground at the same 
location and to cause such current to flow in the 
rails in both directions from this location when 
Such current flows in the conductor at the loca 
tion, said windings of each of the transformers. So 
proportioned as to match the characteristic im 
pedance of the track rails for the communication 
current to the characteristic impedance of the 
line conductor for the current, and train-carried 
means including transmitting apparatus effective 
to supply communication current to the rails for 
creating a voltage between the rails and ground 
and also including receiving apparatus effectively 
influenced by such current flowing in the rails. 

11. In combination, a railway track, a train 
adapted to travel on said track, train-carried 
means including a source of carrier frequency 
current and having connection with the rails to 
create a voltage between the rails and ground, 
a conductor extending along the track, a trans 
former, a first circuit connected between the rails 
and ground and including a first winding of the 
transformer, a second circuit connected between 
the conductor and ground and including a Sec 
ond winding of the transformer, said first cir 
cuit operative to induce an electromotive force 
in said Second Winding in response to communi 
cations flowing between the rails and ground as 
the result of said voltage, Said Second circuit 
operative to... cause communication current to 
flow in the conductor in both directions from 
the transformer and return through the ground 
in response to said electromotive force, and re 
ceiving apparatus effectively, influenced by such 
current flowing in the conductor. 

12. In combination, a railway track, a train 
adapted to travel on said track, train-carried 
means including a source of carrier frequency 
current and having connections with the rails 
to create a voltage between the rails, and ground, 
a conductor extending along the track, a trans 
former, a first circuit between the rails and 
ground and including a first Winding of the 
transformer, a second circuit connected between 
the conductor and ground and including a Sec 
ond winding of the transformer, said first circuit 
operative to induce an electromotive force in 
said second winding in response to communica 
tion current flowing between the rails and ground 
as the result of said voltage, said second circuit 
operative to cause communication current to flow 
in the conductor in both directions from the 
transformer and return through the ground in 
response to said electromotive force; said first 
and second transformer windings designed for 
said first winding to match the characteristic 
impedance of the rails for such current, said 
second winding to match the characteristic im 
pedance of the conductor for such current and 
said windings having turns ratio for maximum 
energy transfer; and receiving apparatus effec 
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tively influenced by such current flowing in the 
conductor. 

13. In combination, a first and a second rail 
way track, a conductor extending along said 

5 tracks, a transformer, means to connect the op 
posite terminals of one winding of the trans 
former with the rails of the first and second 
track respectively, other means to connect the 
opposite terminals of another winding of the 

10 transformer with the conductor and the rails 
of the second track respectively, said first men 
tioned means effective to pass current from the 
rails of either one of the tracks to ground 
through the rails of the other track in response. 

5 to voltage created between rails of the one track 
and ground, and said other means effective to 
cause current to flow in the conductor in both 
directions from the transformer and return 
through the 'rail to ground resistance of the 

20 second track on each side of the transformer 
in response to current flowing in the first men 
tioned means. 

14. In combination, a first and a second rail 
way track, a conductor extending along Said 

is tracks, a plurality of transformers one at each 
of selected locations along the tracks, a first 
circuit means at each transformer location to 
connect a rail of the first track with a rail of 
the second track and including a first winding 
of the transformer, a second circuit means at 
each such location to connect the conductor 
with a rail of the second track and including 
a second winding of the transformer, said first 
circuit means each operative to pass current 
from either one of the tracks to ground through 
the rail of the other track when a carrier fre 
quency voltage is created between the rail of 
the one track and ground or to inductively re 
ceive an electromotive force for causing current 
to flow in the rail of either track when current 
of such frequency, flows in the second circuit 
means at the same location, and said second 
circuit means each operative to inductively re 
ceive an electromotive force for causing cur 
rent to flow in the conductor in both directions 
from the location when current flows in the first 
circuit means of the same location or to pass 
current from the conductor to ground-when such 
current flows in the conductor. 

15. In combination, a first and a second rail 
O way track, a conductor extending along said 

tracks, a transformer, means to connect the op 
posite terminals of one winding of the trans 
former with the rails of the first and second 
track respectively for passing current from the 
rails of either track to ground through the rails 
of the other track in response to voltage created 
between the rails of a track and ground, and 
other means to connect another winding of the 
transformer between said conductor and ground 

60 to cause current to flow in the conductor in both 
directions from the transformer in response to 
current flowing in said one winding. 

16. In combination, a first and a second rail 
Way track, a train adapted to travel on the 

65 tracks, train-carried means including a source of 
carrier frequency current and having connections 
with the rails to create a voltage between the 
rails and ground, a conductor extending along 
the tracks, a plurality of transformers one at 

70 each of selected locations along the tracks, a 
first circuit at each transformer location to con 
nect the rails of the first track with the rails 
of the second track and including a first wind 
ing of the transformer, a second circuit means 

75 at each such location to connect the conductor 

40 

with the rails of the second track and including 
a second winding of the transformer, whereby 
energy is transferred from the rails to the con 
ductor at the transformer location adjacent the 
point where said voltage is created and is trans 
ferred from the conductor back to the rails of 
the same track at locations remote from the 
sending location, and train-carried means re 
mote from the first mentioned train-carried 
means effectively influenced by the energy trans 
ferred back to the rails. 

17. In combination, a railway including a plu 
rality of tracks, a train adapted to travel. On 
said tracks, communication equipment at each 
of two Spaced locations on the train each in 
cluding transmitting apparatus operative to Sup 
ply communication current to the rails to Create 
a voltage between the rails and ground and re 
ceiving apparatus operative to receive such cur 
rent in response to communication current flow 
ing in the rails, a conductor extending along the 
railway, a plurality of transformers one at each 
of selected locations, along the railway, a first 
circuit means for each transformer location to 
connect the rails of the tracks together and in 
cluding a first winding of the transformer, and a 
second circuit means at each such location to con 
nect the conductor to the rails of at least one of 
the tracks and including a second winding of the 
transformer, whereby voltage created between 
the rails of any one of the tracks and ground 
will cause current to flow in the conductor from 
the location adjacent where the voltage is created 
and will transfer such current back to the rails 
of the same track at locations remote from said 
adjacent location. 

18. In combination, a four-track railway, a 
conductor extending along the railway, two trans 
formers, a first circuit means to connect the rails 
of two of the tracks together and including a 
Winding of . One of the transformers, a second 
circuit means to connect the rails of the other 
two of the tracks together and including a wind 
ing of the other transformer, and a third circuit 
means to connect the conductor with the rails of 
at least one of the tracks and serially including 
another winding of each of the transformers. 

19. In combination, a railway comprising four 
tracks T, 2T, 3T, and 4T and arranged with 
tracks T and 4T as the outside tracks; a con 
ductor extending along the railway, two trans 
formers, a first circuit means to connect the rails 
of tracks T and 3T together and including a 
winding of one of the transformers, a second cir 
cuit means to connect the rails of tracks 2T and 
4T together and including a winding of the other 
transformer, and a third circuit means to connect 
the conductor with the rails of at least one of the 
tracks and serially including another winding of 
each of the transformers, and said transformer 

- Windings arranged in said circuit connections so 
that alternating current flowing from the con 
ductor to the rails of said one track creates cur 
rents in the rails of tracks T and 2T that are in 
phase and creates currents in the rails of tracks 
3T and 4T that are in phase. 

20. In combination, a stretch of double-track 
railway, a first conductor extending along a por 
tion of the railway at one end of the stretch, 
a Second conductor extending along a portion of 
the railway at the opposite end of the stretch, 
a loop circuit including a third conductor extend 
ing along one track for the intermediate portion 
between said end portions and a fourth conductor 

10 

5 

20 

25 

30 

3. 

40 

45 

50 

55 

60 

85 

70 

extendihg along the other track for such inter- rs 
  



O 

5 

20 

25 

2,084,641 
mediate portion of the stretch, a first and a sec 
ond transformer each having three windings, said 
first transformer located adjacent said one end 
portion of the stretch and said second trans 
former located adjacent said opposite end por 
tion of the stretch, means for each transformer 
to connect one of its windings between the rails 
of the two tracks, means for each transformer 
to connect a second one of its windings between 
ground and the conductor extending along the 
associated end portion, and means for each trans 
former to interpose the third one of its windings 
in said loop circuit. 

21. In combination, a stretch of double-track 
railway formed into a first, a Second and a third 
portion; a loop circuit including a first line con 
ductor extending along one track of Said Second 
portion and a second line conductor extending 
along the other track of Said second portion, a 
first and a second transformer, means for inter 
posing a winding of each of said transformers 
in said loop circuit, means for coupling another 
winding of said first transformer with the rails 
of both tracks of Said first portion, and other 
means for coupling another winding of said sec 
ond transformer with the rails of both tracks of 
said third portion. 

11 
22. In combination, a stretch of double track 

railway formed into a first, a second and a third 
portion; a loop circuit including a first line con 
ductor extending along one track Of Said Second 
portion and a second line conductor extending 
along the other track of said second portion, a 
third lines conductor extending along said first 
portion, a fourth line conductor extending along 
said third portion, a first and a second trans 
former, means for interposing a winding of each 
of said transformers in Said loop circuit, means 
for interposing another winding of said first 
transformer between said third conductor and 
ground, means for interposing another winding 
of said second transformer between said fourth 
conductor and ground, means including a first 
series of transformers for coupling said third con 
ductor with the rails of each track at selected 
points along said first portion, and other means 
including a second series of transformers for 
coupling said fourth conductor with the rails of 
each track at selected points along Said third 
portion. 
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