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This invention relates to systems of com-
munication, and .more particularly to sys-
tems for communicating with vehicles in mo-
railway trains.

One system for communicating between
moving vehicles and a terminal station 1s
disclosed in Patent 1,453,387 to H. A. Affel,
patented May 1, 1923, 1In this system a loop
comprising a plurality of turns of wires, lo-
cated on the vehicle, is inductively coupled
with a line paralleling the vehicle’s right of
way.
quate transfer of energy is obtained, in this
instance ecarrier frequencies being used.
‘Aboard the vehicle there are connected to
the loop a modulator and demodulator for
transmilting and receiving signals, while
cimilar sending and receiving stations are
placed along the line for communicating
therewith. :

Tn such a system, because of the fact that
the train moves from one station to another,
a variable attenuation may occur in the
strength of the signals being received from
and transmitted to the stations along the line,
causing the volume of the sound to grad-
ually Increase oOr decrease, depending upon
whether the train is moving toward or away
from a given station.

An object of this invention is to render
the attenuation of the signals transmitted be-
tween a moving vehicle and the stations be-
tween which it 1s moving, constant, notwith-
standing the motion of the vehicle with-re-
spect to the stations.

In order to accomplish this object, a line
is located parallel to the path of the mov-
ing vehicle and is inductively related to 2
pair of loops placed at right angles to each
other on the vehicle in such a way as to
make the coupling between the line and each
loop vary with distance from train to station.
Each loop is connected to terminal apparatus
on the train for communicating with a differ-
ent one of the terminal stations. In order
to provide for constant attenuation not with-
standing the increasing or decreasing distance
between the stations and the vehicle due to

its m~tion, the plane of the wires comprisir

the line strung along the track is rotated

Sufficiently close coupling for ade-

through an angle in passing from one termi-

nal station to the other, or between repeater
points. The relation of the loops and the
direction of rotation is such that as the train
passes from one station to the other, the cou-
pling between the line and the loop associ-
ated with apparatus for communicating wit
the station from which the train is moving
is gradually increased, whereas the coupling
between the other loop associated with appa-
ratus for communicating with the station
toward which the train is moving is de-
creased. Thus, the coupling between the re-
spective loops
line varies in accordance with the distance
between the vehicle and the respective station
with which the loops are associated. This
scheme of providing an evenly varying cou-
pling results in constant attenuation of the
signals being transmitted between either sta-
tion and its associated terminal apparatus
aboard the vehicle. R

A Dbetter understanding of the invention
may be had from the following description
together with the accompanying drawings,
of which Fig. 1 shows a schematic view of
the circuit embodying the invention and Fig.
9 shows curves representing the characteris-
ti0s of the filters used in the circuit.

The apparatus and general layout of the
system is similar to that
fel patent referred to, and reference may be
made to that patent for detail disclosure of
various portions of the system.

Referring to Fig. 1 a vehicle 1 as, for ex-
ample, a railroad rain or other moving
body 1is represented as traveling between
two stations, which for convenience have
been designated station A and station B.
Paralleling the right of way and connect-
ing stations AandBisa
pair of conductors 9 and 8 which may be
placed on poles or located in some convenient
place adjacent the road bed. Aboard the ve-
hicle 1 are two loops 4 and 5 consisting o
a plurality of turns, the loops being located
in planes perpendicular to each other and ar-
ranged so as to be inductively coupled with
ibe line L. Associated with the line Li at
stations A and B are terminal apparatus for

disclosed in the Af-
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An oscillator 14

2

sending signals to and receiving signals from
the vehicle 1. Connected respectively to the
loops'4 and 5 are terminal apparatus A; and
B, on the vehicle for communicating respec-
tively with the stations A and B. 1In order
to secure an adequate transfer of energy be-
tween the line L and the loops 4 and 5 rela-
tively high frequencies are used. This is also
desirable since it permits the
communication between the stations A and B
and the vehicle by using different carrier
channels. o : -
At station A a low pass filter 6 and a high
pass filter 7 are connected to the line L' for
discriminating between carrier and voice fre-
quencies, since it may be desirable to have
both superimposed upon the line. The send-
ing and recelving apparatus at this station
is of a well-known type comprising a hybrid
coil 8 for aiding in separation of the incom-
ing and outgoin signals into their respec-
tive channels. '%_he hybrid coil terminates
in a high pass filter 9 simulating the imped-

ance of the high pass filter 7 and a network

10 for balancing the line. . ,
Connecting with station A is an ordinary
telephone line L, carrying currents in the
impressed on the modu-
lator at station A or resulting from' demodu-
lation of waves received at station A from
the train. Line I, may extend to an ordi-
nary telephone exchange where it may be
connected to ordinary subsecribers’ lines.

A hybrid coil 12 connected to the line L,
serves the same purpose as the hybrid coil 8
and permits signals coming thereover to be
transmitted to the modulator 13 which may
be of any well-known type as, for instance,
that disclosed in U. S. Patent 1,343,307 is-
sued to John R. Carson on June 15, 1920.
which may also be of ‘any
well-known type as, for instance, that dis-
closed in U. S. Patent 1,356,763 to R. V. L.
Hartley, patented October 26, 1920 supplies
the carrier frequency to the modulator 18.
A modulated wave or a side band thereof is
selected from the output of the modulator
by the band-pass filter F., which may be of
Patent 1,227,113
to G. A. Campbell, patented May 22, 1917,
and is transmitted to line I, through the
hybrid coil 8. Incoming signals from the
line L from the terminal apparatus A,
aboard the vehicle are selected by the band-
pass filter F,, which is.similar to By al-
though covering a different range of fre-
quencies, and transmitted to the demodulator
11 which may also be of any well-known
type as, for instance, that disclosed in U. S.
Patent 1,343,308 issued to J. ohn R. Carson on
June 15, 1920. A reenforcing carried fre-
queney is supplied to the demodulator 11
from an oscillator 15 similar to oscillator 14
for the purpose of demodulating the incom-
ing‘earrier band. The resultant signals in

simultaneous.

ditions obtain,
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the output of the demodulator are trans-
mitted to the line L; through the hybrid
coil 12 to a suitable receiving circuit. Fig.
2 shows the relative positions of the fre-
quency ranges transmitted by the band-pass
filters F, and F,. o

The terminal apparatus A; connected to
loop 4 aboard the vehicle is similar to that at
station A and comprises the oscillation gen-
erators 16 and 17, modulator 18, demodulator
19,’and filters ¥, and F; properly connected

for communication with station A. The mod-.

ulator 18 receives signals from the trans-
mitter 22 for modulating the high frequency
wave from the oscillator 16 for transmission
to the line, while the signals resulting from
demodulation in the demodulator 19 are
transmitted to the receiver 93 by means of
the hybrid coil 21. Transmitter 22 and re.
ceiver 23 may be of any well-known type,
as for example, an ordinary subscriber’s tele.
phone subset. ’ '
Terminal apparatus at stations B and B,
(the latter connected to loop 5) is identical
with that at stations A and

“carrier channels used for transmitting be-
“tween stations B and. B,,

and between A  and
A, is shown in Fig. 2. The frequency bands,
designated as Fy, F,, Fy and F, in Fig. 2
are those transmitted respectively by the
band-pass filters F., F,, ¥y and F, at the
terminal stations A, A, B, B;.

As the line L Dasses from station A to B
the plane of conductors 9 and 3 is rotated
through an angle of 90°, Thus, for the pur-
pose of illustration conductors 2 and 3 are
Tepresented as being in a horizontal plane in
the vicinity of station A. ‘ '
station A fo station B the plane of the wires
is gradually rotated unt;] at station B the
Plane has acquired a vertical position. It
will be un erstood, of course, that in prac-
tice a long length of line ig traversed before
the entire 90° rotation takes place, and that
intermediate the two poles ‘shown on the
drawing there would ordinarily be several
miles of line with numerous other poles not
shown. As has already been pointed out, the
loops 4 and 5 are at right angles to each
other. When vehicle 1 is near station A the
plane of loop 4 is nearly at right angles to
the plane of the

plane of conductors 2 and 3.
tioned, the loop 5 has maximum coupling
with the conductors whereas loop 4 has min-
Imum coupling therewith, In passing from
station A “to station B the
tions of coupling of the loops 4 and 5 with
the conductors 2 and 3 are gradually changed
until upon reaching station B the reverse con-
namely, loop 4 has maximum

A, except that -

In passing from -

conductors 2 and 8 whereas
the plane of loop 5 is nearly parallel to the’

respective condi-
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couplimg and loop 5 minimum coupling with constant - transmission equivalent between

the conductors 2 and 3. A said line and said transmission means, re-

~ In general, high frequencies such as those gardless of the position of said moving

used 1n this ! vention are subject to greater %ody with respect to ‘said terminals. '

5 attenuation on the line than low frequencies. 2. In a system for communicating between 7g .
For this reason during transmisison from 2 moving body and 2 terminal from which
either station the energy of the signals which it is moving, @ transmission line paralleling -

~ig available at any point along the conductors the route of said moving body, transmission
9 and 3 is less as the distance of the point from means on said body inductively related to

1o the station transmitting the signal increases. . caid transmission line for the two-way trans- g5
Suppose, for instance, the vehicle 1 is mov- fer of energy therebetween, and means to.
ing from station A to station B. If station change the coupling between said line and
A communicates With apparatus A, in the said transmission means as 3 function of the
vehicle 1, ordinarily the strength of the sig- distance of the moving body from the termi-

15 Dals received at wither A or A, would become nal to provide substantially constant attenu- go
weaker the greater the distance from the send- ation of the energy resulting from said two-
ing station. However, due to the fact that way transfer regardless of the position of
the coupling of the line L with the loop 4 said moving body with respect to said termi-
gradually increases as the vehicle moves nal.

o¢ away from station A as pointed out above, 3. In a system for communicating between a5
the ncrease in efficiency of energy transfer g moving body and the terminal stations be-
from the line to the loop and vice versa com- -tween which it is moving, a transmission line
pensates for the gradual decrease in avail- connecting said terminals and paralleling the
able energy resulting from the attenuation route of said moving body, transmission
g5 on the line. In this manner the level of the means on said body inductively related to 90
received signals may be mer the ot PProx- said ransmission line for the two-way, L Y
imately constant. L. : fer of energy therebetween, the coupling be-
 Likewise, for communication between sta- tween said transmission line and said trans-
tion B and the vehicle 1 as it is passing from mission means being a function of the dis-
so station A to station B, an analogous condl- tance of the moving body from the termi- 95
tion exists, since 1 passing from station A pal. ' ,
 to station B the coupling of the loop 5 with 4, Tn a system for communicating between
conductors 2 and 3 decreases from maximum 4 moving body and the terminal stations be-
to minimum, causing the efficiency of energy tween which it is moving, a transmission line
55 transfer to decrease to compensate_for the for carrying the signal energy transmitted to 100
increasing energy available as the vehicle ap- gnd received from aid body, said transmis- .
proaches station B._ . » _ gion line comprising a pair of conducors the
_ By means of this invention communica- plane of which is rotated through an angle
tion_ can be .ma;mta'med_ simultaneously be- of 90° in traversing the distance%)etween the
4o bween a moving vehicle and two or, more std-  giations. =
tionary points relative to which it is mov- 5 Tn a system for communicating between
ing, while at the same tirae the energy level 4 moving body and 2 terminal station, 2
of the signals 1s maintained constant Nnot- ¢yansmission line comprising a pair of wires
withstanding the motion of the vehlgle. . connected to said station, 8 conducting loop
45 Although this invention has been bgilc'n ed ¢op receiving energy positioned on said body 110
with reference o a_partlculq,{ embodiment jpdyctively coupled with said transmission
thereof other embodltrfxents lgllll ;‘t. oncﬁ SUg- Jine, the coupling of said line with said loop
ﬁi&i?glisggﬁt tc')of :lhg?:wse nti?) n évliliﬁ:heisag being different for different positions of sai
be limited therefore only by the scope of the body with respect to said station, the amount
50 pended claims of said coupling being determined by the 118
p%rhat is claimed is:  angle which the plane of said wires makes
1. In & system for communicating between with the plane of said loop. .
6. In a system for communicating between

a moving bod and a plurality of terminal X © : v
55 stations twegn Wh_iChI;t is mo{'ing, o trans- & MOVIDZ vehicle and a plur_ahty of stations
mission line connecting sald stations adapt- along the route ?f said vehgcle, a transmis-
‘ed to transmit signal variations impose sion line comprising & plurality of wires par-
thereon, transmission means on said moving alleling said route and to which said stations
. body inductively coupled with said line in are connected, conducting loops positioned
g0 which are induced currents responsive to o0 sa.l'd.vehlcle }nductglvely coupled with said 05
those transmitted over said line, and means line, said coupling being varied as the vehicle -
for changing the transfer efficiency between (raverses the distance between said stations,
said transmission means and said line from said variation being secured by gradu--
point to_point along the route of travel of ally rotating the plane of said wires in such
- 85 the moving body to provide a substantially a way that the loop associated with its re- 130
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- and to said loops aboard said
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spective terminal station has its position of
minimum coupling when the ve
close proximity thereto and its

In a system for communicating between
the moving vehicle and 2 plurality of stations
between which the vehicle is moving, a trans-
mission line comprising a plurality of wires
paralleling the route of said vehicle and con-
necting said stations, and individual conduct-
i coupled with said line
positioned on said vehicle and associated with
each of said stations, the plane of said line
with respect to the said loops being rotated
from a position of maximum coupling with
one of said loops and minimum coupling with
another, at one station, to a position in which
the respective degrees of coupling are re-
versed, at another station,

In a system for communicating between
a moving vehicle and a plurality of stations
between which the vehicle is moving, a trans-
mission line comprising a plurality of wires
paralleling the
connecting said stations, a pair of conducting
loops positioned at right angles to each other
on said vehicle inductively coupled with said
line, cach of which is associated with a respec-
tive terminai station for intercommunieation

‘therewith, the coupling of said line with said

loops being varied as the vehicle moves from
one of said stations to the other by rotating
the plane of said line wires from a posi-
tion of perpendicularity with the loop asso-
ciated with the station from which it is about
toleave to a position of Parallelism with the
same loop upon reaching the other station,
In a system for intercommunicating be-
tween a vehicle and a plurality of stations
situated at intervals along its route, s trans-
Inission line comprising a pair of wires run-
ning adjacent the route of said vehicle, trans-
mission means aboard said vehicle “induc-

tively related to said transmission line to pro-

vide for the reciprocal transfer of signaling
provid-
ing constant attenuation of the signals re-
ceived at said stations and aboard said vehi-
cle, regardless of its motion between said sta-
tions, comprising provisions for producing
gradual inclination of the plane of said trans-
mission line with respect to said transmission
means at an angle determined by the posi-
tion of the vehicle with respect to said sta-
tions. S , L
10. Ina system for intercommunicating be-
Wween a vehicle and g plurality of stations sit-
uated at intervals along its reute, s trans.

‘mission line comprising a pair of wires run-

ningiadjacent the route of said vehicle, trans.
mission means aboard said vehicle comprising
a’ plurality of conducting loops Jinductively
related to said line, sending and receiving ap-
paratus connected to said line at said stations

icle is in
maximum
coupling at a point remote therefrom.

tween the line

route of said vehicle and _
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transmission of signals therebetween, and
means for providing constant attenuation of
the signals received by said receiving appara-
tus irrespective of the position of said vehi-
cle with respect to said stations, said means
comprising said pair of line wires the plane of
which is rotated with respect to the planes of
said loops to increase the efficiency of energy
transfer between the line and one of said
loops as increasing distance between one sta-
tion and the vehicle decreases the energy
available for transfer along said line, and to
decrease the efficiency of energy transfer be-
and the other of said loops as
the ‘decreasing distance between the vehicle
and the other of said stations increases the
energy available for transfer along said line,

In a system for communicating be-
tween a moving body and a terminal station,
transmission means on sajd moving body and
at said terminal station, respectively, a frans.-
mission line connected to said station and in-
ductively coupled with said transmission

moving body from said station.
In witness whereof, I hereunto subscribe
my name this 21st day.of N. ovember, 1928,
JOSEPH W, HORTON,
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