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30 Clalms

Matter enclosed in heavy brackets [ 1 appears in the: orngmal ratent but forms:no part: of. this.

reissue speclﬁcatmn, matter printed m 1tahcs mdlcates the addltlons made by relssue

1

The present invention. relates to communica=:
tion- systems and: more particularly 4o an.im-i
proved system- for communicating betwesn-one.i:
or Ihore-stations-of fixed location and a.vehicle:::

moving along a predetermined route:

Two- way space communication between a mov- .
ing- vehrcle ‘such; for--example, 'as & train, mov-~::.

ing ‘along a fixed rout° ‘and one-or ore stations:

located along the route is-of comparatively recent

origin. -It is recognized that in such-a system

10

the range of space eommunication must.neces- -
sarlly ‘be ‘restricted in order to minimize inter- -

ference with long-range radlo transmrssvon ol

assxgned frequency channels. ~In ‘at least-one

proposed system thls has been accomphshad by

employmg 1nduct1ve coupling bcuween the ‘vehi--
cle station and: the way station to provide si gnalv'
carrier: energy ‘transfer ‘between - the ' stabions. -

The usual systerfi arrafigernent of this charactﬂr
however makes no -provisions’ for' in ‘any way
utlllzm« the communmatmg or smnahn

ncih—‘
ties Wh1ch may parallel the vehlcle rouse in es--

tablishing communication channels betwean the -

vehicle statmn and the varigus points along the”
25
t1onally paralleled by telephone corqmamcatmn -

route., Thus the usual raflway line is conven-

facilities between ane or more centrally ‘located:

dlspatcher stations and control towers or way
Such railway -
30

stations spaced along the line.

lines are also usually parallelcd by telegl aph and

power llnes yet these facilities are not nornally
used in establishing- communlcatmn channels be-~

tween the vehicle stat1ons the way stat1ons and__’:’.j

the dlspatcher station or stations. -

It'is an okject of the present invention; there- 3
fore, to prov1de a system:for commumcatmg ‘be-""

tween a vehicle pr oceediihg along a. predetermmed"‘_. ;

route and one or more statlons of fixed location

along. the route, which effectlvely utilizes to the"""'

best possﬂole advantace existing’ cornmumcatmg:_

facﬂltles Whlch may parallel the _route,

It is anothet object of the' 1nventlon to provide.

40

an 1mproved qystem of the. character. de scrﬂoed._’;
which may be employed to furnish two= -way.com- .

munication between 4 vehicle station and a dis- .

patcher or master Station over channels which

respectxvely 1nclude dlfferent way. statlons lo-'

cated along the route over Whlch the vehlcle 1s s

travelhng

Accordmg ‘to a further object of the invention; 9

the vehicle and way stations are each equipped
w1th space communlcatlon equlpment of limited

communication rangé, and the way statlons are
S0 spaced ‘along the route that'a substantlal over- .
lap’ is provxded between the communlcatmn,
ranges of adJacent way stations, whereby the -

vehlcle station_ is " successively moved into the:
ranges of- communication of successwely adjacent -

way - stations ‘as the ve‘rncle proceeds along the':

predetermined travel route.
According to yet another object of the inven-

G rality.iof tower or way.stations I8,

2

tion, the space. communication equipment at the;::

various way -stations - is. comimonly: céupled to a.

single.:signal radiating and plck-up line paral-..:

leling:the.vehicle: route.
In accordance with.4 st111 further object.of the:.

invention :a. common, .general purpose commum-,. :
cation. channel: is utilizedvto interconnect the. ..
dispatcher. or master: -station with the. different : :

way-stations, and each way station .includes fa- :

cilities -selectively. controllable .over the .common. .’

channel -for Zoperatively associating - the space:
communrication equipment thereat with the com=.: -

mon- channel for. the radiation of master station:.:

originated signals at the:vehicle station and.the:
relaying of vehicle statlon originated : :signals’to !
the master-station. - .

According to still another object-of the-inven- .-

tion, each: -Wway station- 1s dlse - provided with fa- i

cilities controllable from theé master station.over *

the common: ‘Channel for'selectively reversing the
direction in which' s1gnals may-be transmitted be-::"

tween the master station ‘and the vehiclesstation ..
when the space communication equipment there=
at is belng utilizéd-to commumcate between the
master and Vehicle stations.

In ‘accordance with'yet another object of the.

invention; each Way station is 2156 equipped-'with
means contrellable from thé vehicle station over: .
a space link ‘therebetween for‘establishing g mon-
itoring"channel- between the vehicle- stat1on and
the ‘common chaiinel.

Morée generally, it i5'an object--of the- present -
invention ‘to’ provide an-improved system’ of the"
character -described which - includés - rélativély:
simple-and easxly operable facilities-for providing
communication between a vehicle station and any”
one‘of a number of way statlons or a dlspatcher
station. o

" The 1nvent10n both as to its organization and -
method of” operatlon together - with further ob-"
jects and advantages thereof, will bést be under~
stood by reference’to the spemﬁcatmn taken: in
connectlon with the accompanymg drawmcs 1n
which:"

. Fig. 1 dxagrammatlcally llustrates an improved
communication system: characterlzed by the fea- -
tures of the present invention; -

PFig-'2 schematicaily 111ust1ates ‘the vehicle sta-
tion eqiiipthent which may be utilized in the sys-
tem Sshown in Fig: 17 and-

Pigs. 3'and 4 when laid end to end in the order-

named lllustrate the detalls of the equipment pro- B

vided at one-of the way statlons mcluded m th
system shown in Fig:'L.

Referring now to the-drawings and more par--
ticularly: to Figl:1. thereof, the :communication:.
system: there schematically. illustrated is utilized
to provide:for voice signal:transmission. between:
= dispatcher. station 15 and.any ond’of a.plu=::
b1, 48, 19
ete,, located at spaced points along a railway
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A 3

track system 8. It is also used to provide for
voice signal transmission between any one of
the named stations and the vehicle stations 11a,
Iib, 12a and {2b of two trains 11 and (2 which
may be moving in the same or different dirsc-
tions along the track system (0. As indicated by
the dash line rectangles, each train moving along
the track (0 may be equipped with at least two
vehicle stations. These stations may be utilized
for intratrain space communication or for com-
munication between the stations of two different
trains moving in the same or opposite directions
along the track system, and the two stations of
each train are usually provided in the engineer’s
cab and the caboose or last car of the train.
In accordance with conventional practice, the
track system {9 is paralleled by a line 13, which is
insulated from ground and may, for example, be
used for power transmission or telegraphic sig-
naling purposes. 'This line is commonly associ-
ated with the various way stations to function as
a signal radiating and pick-up circuit by means
of which voice signals modulated upon an appro-
priate carrier may be transmitted in either direc-
tion between the various way stations and the
vehicle stations of trains moving along the track
system §8. In order to provide for telephone
communication between the dispatcher station
{5 and the various way stations 16, {1, 18, 19,
etc., these way stations are also commonly asso-
ciated with the dispatcher station by means of
a two-conductor telephone line i4. Each way
‘station is provided with a telephone subset which
is bridged across the line (4.

Briefly considered, the equipment provided at
the dispatcher station 15 comprises a telephone
substation eircuit 32, facilities for selectively seiz-
ing and operatively associating the different way
stations with the common signal channel {4,
and a press-to talk key 34 for controlling the
equipment provided at a selected way station
to condition the same for the radiation of voice
signals originating at the dispatcher station. The
substation circuit 32 may be of any conventional
form although preferably is of the well-known
antiside tone type conventionally utilized at tele-
phone substations. In lieu of a handset, it pref-
erably employs a loud speaker and microphone
as the reproducing and transmitting elements.
The selective calling facilities include a plural-
ity of oscillators 20, 21, 22 and 23, individually
corresponding to the way stations 16, 17, 18 and
19, and the output voltages of which may he
selectively impressed across the conductors of
the line 14. Relays 28, 29, 30 and 31, arranged
for selective energization by means of associated
keys 24, 25, 26 and 21, are provided for selectively
connecting the output terminals of the four iden-
tified oscillators across the conductors of the line
14. Current for energizing the enumerated relays
may be derived from the usual storage battery
35 of appropriate voltage.

In order that the call signal receiving channel.
respectively provided at the way stations 16, 17,
etec., and of the specific character described below,
may distinguish between voice signals and call
sighals transmitted over the line 14, the oscil-
lators 20, 21, 22 and 23 are adjusted to have out-
put frequencies above the frequency range nor-
mally utilized for voice sighal transmission over
the line 14. Thus the voice signal transmission
frequency range may be limited not to exceed
an upper frequency limit of 3,000 cycles, in which
case the oscillators may have output frequencies
of 3,500 cycles, 3,750 cycles, 4,000 cycles and 4,250
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cycles, respectively. This frequency spacing be-
tween the cutput frequencies of the oscillators is
entirely adequate for reliable selective resporse
of the call relays respectively provided at the
way stations.

Referring now more particularly to the various
way stations, it is pointed out that the equipment
provided at these stations is of identical arrange-
ment. Accordingly, only that located at the way
station 8 has been illustrated in detail. In brief,
the equipment at this station comprises a space
signal transmitter 48, a space signal receiver 48,
& call signal receiving chanxnel 51, a-call signal
rectifier 62, a loud speaker 63, a microphone or

5 transmitter 64 of the sound powered type, and a

relay network controllable in the manner de-
scribed below to perform the switching opera-
tions which are required in utilizing the de-
scribed equipment to communicate between the
dispatcher station or a vehicle station, or to relay
signals between a vehicle station and the dis-
patcher station. More specifically, the trans-
mitter 48 comprises an audio amplifier stage &8
and a carrier producing oscillator 52, both work-
ing into a modulator stage 51, the cutput of which.
may be impressed between the line 13 and ground
through the contacts of a switching relay R110
and an appropriate coupling network 58. The
receiver 4% is comprised of a two-stage signal
modulated carrier amplifier §3 having its input
circuit normally coupled to the line {3 and ground
through the contacts of a switching relay R11{0
and the coupling network §6, and its output eir-
cuit coupled to the input side of a detector and
automatic volume control stage 54, the output
terminals of which are coupled to the input cir-
cuit of a power amplifier 55. Since the trans-
mitter 48 and receiver 49 are substantially con-
ventional in circuit arrangement, the individual
circuit elemenis thereof have not been specifically
identified in the drawings. Also, the coupiing
network 58, through which signal voltages may
be transmitted in either directicn between the
line 13, the transmitter 48 and the receiver 49,
may be of various conventional arrangements
depending upon the particular character of the
line 13. Regardless of its character, however, this
coupling network is arranged to exclude from the
transmitter 48 and the receiver 49, the voltages.
appearing on the line (3 in the normal use:
thereof, and is also arranged to provide high im-.
pedance paths between this line and ground at.
the frequencies of the currents traversing the line.
in the normal use thereof.

For the purpose of utilizing the described equip-
ment at the way station 18 to permit a vehicle
station operator to monitor the common line 4
and to then audibly call the attendant at the dis-
patcher station {5 if the line is idle, three relays
RI130, R140 and RI150 are provided at this way
station. These relays are arranged to be ener-
gized by transmitting a call signal through the
receiver 49 to a call signal rectifier network 62,
the equipment provided in the latter network be-
ing identical with that included in the channel
51. The input side of this network is coupled to
the output side of the power amplifier 55 through
a voice frequency blocking filter [56] 56a of con-
ventional design. This filter is arranged to pass
the call signal, which may be radiated at a fre-
quency of 3,250 cycles, for example, outside of
the band utilized for voice transmission. Iacili-
ties including a blocking filter [57] 57a may be
provided at the output side of the amplifier 55 for
preventing this call sighal from being impressed
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iipon the-loud speaker §5-or the line-i{4.:The

channel 57, utilized in seizing the way station 18 -
from the dispatcher -station:-15, comprises-a -one -

or two section:band pass- filter-58;-a call-signal

amplifier 59,'a detector-50-and a control tube 61-
connected-in tandem in ‘the-order named between-

theline {4 and a call-relay R100.The band pass -
filter-58 is preferably sharply- tuned. to pass only- -
a received signal of 4,000 cycles; thereby excluding: -

from the succeeding stages-of the channel 5T the

call signals corresponding-to-:the-other way-sta--

tions as well as-voice signals which-may be'trans-

15y tive terminal -of the relay 45,

mitted over-the-line-14. -In this regard, it is noted: :

that the'corresponding- filters as provided at the

other way stations are respectively tuned to pass - i¢
only frequencies -of -3,500 cycles, 3,780 cycles and-
4,250 -cycles, whereby -the stations may -only: be:-

seized when the respective corresponding keys 24,
25 'and-27 are operated at the dispatcher-station. -

In addition to the equipment thus far-deseribed;. ¢

the way station 18 is also equipped with'a dis- -
patcher station call key-124-and a switching relay
R 120, arranged for selective energization: through- -
the- contactsof a press-to talk key 66, which-is -

utilized selectively to associate the transmitter-48 -

and thereceiver-4§ with the line-13.- Voice signals

are repeated from the line-i£ to the transmitter -

48 and from the receiver49 to theline i4 through
a coupling transformer 83 ‘having a winding 830
bridged-across-the conductors of this line.
way -station is further provided with a direct cur-
rent source, nhot-shown,-of -appropriate voltage
having a positive -terminal -connected- to ground

‘The 3

" and g-negative terminal connected to sll of the

relay-terminals identified-by the negative polar-
ity sign.  ‘This source is also utlized o supply cur-

rent to the cathode heaters of the tubes -embodied

in-the units 57,62,:48 and 49. Anode voltages-are

supplied- to these -tubes- from a 125 volt direct -

current source, the negative-terminal of which is

grounded-and the positive-terminal-of -which: is

connected to the conductor- (26. -
The vehicle stations {1a; [ ib,i2a,

of -identical -arrangement. --In- brief, the equip-

~i2b;-etc., are-
equipped- with- space communication -equipment-

45

ment provided: at- the -vehiele-station 1ia- com---
prises-a microphone -41- and-a loud-speaker 40
which may be-selectively- associated -with- a- sig-~«-
nal pickup: and radiating: circuit -36 through-a -

signa) modulated carrier receiver-38 and a signal-
modulated , carrier -transmitter- 39; respectively.-
More specifically, -the input terminals of the re--
ceiver-38 are normally associated with the signal-

radiating- and pickup circuit 36 -through a cou-

pling network 37 and the contacts-of the: switeh-:-

ing relay 45 The output-terminals of the trans-. -

mitter-39 are also-adapted to-be coupled to the

signal pickup and:radiating circuit- 36 ‘through -
the “contacts of the-switching relay 45-and the

coupling network 37. - The- receiver--38 :and

transmitter 39 ‘may- correspond precisely-in cir---

cuit. arrangement to the receiver 49 -and-trans-

6n

_mitter48, respectively, of the equipment pro- .

vided  at- way station I8.-

of ‘the switching relay: 45;- ‘together -with-facili-

ties  for- modulating - the carrier output of the -

transmitter 39 with-a way station- call signal.

These fagcilities: comprise a signal-oseillator- 42.-
having an output frequency which corresponds
to the tuning of the filter [561 56a and the filter:

section provided in the call signal rectifier-62 of

the illustrated way station I8, i. e., of the-order -
More - specifically,- the output-

of 3250 -cycles. -

The - vehicle station -
equipment further comprises a press-to talk key-
44 - for -selectively -controiling- the -energization -

-acter- described. by :L. <. Grondahl: and .P. N.::

6
terminals of :the: oscillator 42 are ¢oupled. to-th
input side of the transmitter:39 :through.a cou-:.
pling condenser, - [487 48a:: and - this oscillator - .
is arranged for selective operation under the con-- .

trol of a call key 43 having contacts for:also cons:..

trolling the switching relay 45: :Suitable current.:::
supply - facilities, -including - a battery. or- other..-
current source: having -its - positive :and. negative: -
terminals- connected:to ground and to the nega-..

:respectively, are:.:
provided- for: supplying: .currents. to the::various::.:
elements-of the ‘described. vehicle: station equip-: .
ment.

As-indicated:-above, the radius: of space -trans-:..
mission -from any .one .of the::vehicle and: way
stations must -necessarily ‘be restricted in order:.
not to interfere with radio:communication upon .
assighed frequency - channels.... To - this:.end, ;.
straight - inductive coupling -of the: general char-:-

Bossart - in - “Railway.- Signaling?’’. for - December:..
1943; starting -at page-669; is preferably-utilized. :
between the: signal pickup and radiating circuits: ..
36 individual to the vehicle stations and the:line-..

.ground radiating and pickupcircuit- common: to. :

the several way-stations. . Also;.the pickup.and .-
radiating circuits 3§ individual. to:the :various.::
vehicle -stations- are. preferably.: of .the-general.:
character described in this:.article. .. With-this: s
arrangement,. the .range- of . transmission from-
each vehicle station is ‘of: course-definitely-.re-...
stricted to-a short distance; which ‘may. vary.:
within limits depending.- upon the power-output. ..
of the transmitter 39.<. Another important: .
factor which must be considered,.»par.ticularly. in:.
the spacing of the way .stations-16, 1, ete., along: .
the route followed- by -the. railway .track -system. -
18 is the signal .attenuation .along the line- 13,
In this regard, it will'be understood that the dis-...

- tance between-this-line:and the vehicle ‘station--

of a train.traveling .along the track system. .0 :
may be very short, not exceeding a few.hundred.:
yards, such that-the space.link.of a signal chan-

nel between the vehicle station-.and one of.the .
way stations -is relatively short..: The:conduc-. .
tive portion -of the:channel may, on-the other-.
hand, be relatively.long depending upon the-dis~ -
tance separating the vehicle station from. the way: .
station. .TIt is the attenuation-.in the:conductive :
portions -of such signal channels. which: must be: .
considered-in--determining - the -spacing.- between.::
the way stations: - In accordance ‘with ‘one fea-~

ture of the present: invention the way stations-.
are so -spaced -along. the route:followed: by -the:.

5 track system 10 that-100 percent. overlap is pro-:

vided between- the -signal- pickup.and. radiating. -
ranges.of adjacent way. stations.:: Thus, with-the -
transmitters 39 ‘and 48-of -the.vehicle and:way--
stations - set to .produce..signals- of .given . field::

strength,- the signal:pickup. and- radiating range -

of the way station I8, for-example;dn respect to
a vehicle-station which s being moved-along-the -
track system 18, completely cverlaps-the: corre---
sponding ranges -of -the-two- adjacent--way: sta=-

s~tions: 17 and 19. Entirely -satisfactory communi-:-

cations:-between the .way.stations and vehicles.-
travelling -along the track system- {0 may be ob-:-
tained by -utilizing a spacing.of from.25.to 50
miles between the adjacent-way stations..:

From -the ahove description - of.the system,: it -
will'be understood that the space communication -
equipment- provided -at the vehicle station- 11a
may be utilized: by the attendant at this-station -
to communicate- with: the-attendant at -the sta--

‘tion {{b on the same train or with- either of the-
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stations i2a and i2b of another train travelling
along the track system in proximity to the train
1f. Thus, if the attendant at the station [{a
desires to converse with the attendant at the sta-
tion 11b, he may operate the press-to talkx key
44 to complete an obvious circuit for energiz-
ing the switching relay 45. This relay, in oper-
ating, opens its contacts 45 to disconnect the
input terminals of the receiver 38 from the cou-
pling network 37 and closes its confacts 41 to
connect the output terminals of the transmitter
39 to the pickup and radiating circuit 36 through
the coupling network 31. After the relay 43 has
thus operated, the attendant at the station {(la
may speak into the microphone 41 thereby to
effect radiation of a voice modulated carrier by
the radiating and pickup circuit 36. This signal
is picked up by the circuit 36 provided at the
vehicle station (1b, and is transmitted through
the coupling network 3T and receiver 38 of this
station to the associated loud speaker 40 for re-
production. After the attendant at station ila
has completed his statement to the attendant at
the station I1b, he may reiease the key 44 in order
to condition the equipment at the station i la for
the reception and reproduction of the reply trans-
mitted from the called station iib. Incident to
the release of the key 44, the relay 45 is de-
energized. In releasing, this relay opens its con-
tacts 47 and closes its contacts 48, thereby to
disconnect the transmitter 33 from the coupling
network 37 and to establish a channel for trans-
mitting the reply signal to the input side of the
receiver 38. It will be thus understood that

through selective actuation of the press-to talk g

keys 44 respectively provided at the two stations
11z and I ib, a two-way conversation may be held
between the attendants at these two statons.
Space communication may be carried on befwesn
the vehicle station {fa and the vehicle siation
12a, for example, of the train 12 in exactly the
same manner.

Intratrain communication or intertrain com-
munication effected through the use of the vehicle
station equipment in the manner just explained,
may be monitored at the way stations within the
radius of transmission of the vehicle stations in~
volved in such communication., Thus, if the train
i1 is travelling along the track 10 within the
radius of reception of the way station 18 at the
time the facilities of the .two stations [la and
{ib are keing utilized in communicating between
these vehicle stations, the signals radiated from
these stations are picked up by the common pick-
up and radiating circuit i3 and are transmitted
through the coupling network 8% and the contacts
111 of the switching relay Ril0 to the input side
of the receiver 49. In this receiver, the voice
modulated carrier is amplified through the two-
stage amplifer 53 and detected in the detector
and A. V. C. stage 54, following which the voice
frequency components of the signal are amplified
in the power amplifier stage 55 and delivered
through the filter network [571] 57a and the con-
tacts 122 of the switching relay R128 to the loud
speaker 65 for reproduction. Af this point it is
noted that the A. V. C. circuit embpodied in the
receiver 49 is of substantially conventional ar-
rangement, and functions to vary the gain
through the amplifier 53 inversely in accordance
with the strength of the received signal carrier,
whereby the volume of the reproduced. signal is
maintained substantially constant regardless of
the strength of the carrier appearing at the input
side of the receiver,
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1t will thus be apparent that as the train I,
for example, moves along the track system 10, it
is successively moved into the ranges of reception
of the various way stations i8, {1, 16, etc., so that
communication between the attendants at the
stations ila and 11b may be successively moni-
tored by the attendants at the different way sta-
tions. It will also be understood that the attend-
ant at the vehicle station fia, for example, may
converse directly with the attendant at any way
station within the radius of transmission of the
vehicle station by the simple expedient of calling
this way station directly. Thus, if the attendant
at the way station {{ desires to converse with the
attendant at the way station 18 while the train
i1 is traveling within the range of communica-
tion between these two stations, he may simply
throw the press-to talk key [481 44 to the talk
position and call the way station (8, either by
name or number. To reply, it is necessary for
the attendant at the called way station {8 to actu-
ate the non-locking press-to talk key 88, there-
by to complete an obvious circuit for energizing
the switching relay Ri2¢. In operating, this re-
lay closes its contacts 123 to complete an obvious
circuit for energizing the associated switching re-
lay R119. At its contacts 122, the relay RI20
opens the connection between the loud speaker
$5 and the output circuit of the receiver 49, At
its contacts 121, the relay R120 completes an ob-
vious path for bridging the microphone 54 across
the input circuit of the transmitter 48.

The relay R {10, upon operating, opens its con-
tacts 115 to interrupt the path over which anocde
potential is normally supplied to the four tubes
of the receiver 49, thereby to render this receiver
inactive. At its contacts [15, the relay R110 com-
pletes an obvious path for impressing positive
anode potential upon the anodes of the three
tubes included in the transmitter 48, thus render-
ing this transmitter active. At its contacts 114,
the relay RII8 opens the path over which voice
signals may be transmitted from the line 14 to
the loud speaker 65 and the input circuit of the
transmitter 48, At its contacts {i3, the relay
R110 prepares a path for transmitting voice sig-
nals from the microphone 64 to the iine id. At
its contacts {11, the relay RIi0 opens the con-
nection between the coupling network 56 and the
input terminals of the receiver 43. At its con-
tacts 112, the relay RI110 connects the coupling
network to the output terminals of the trans-
mitter 48. Thus, the equipment provided at the
way station {8 is conditioned for the radiation
of voice modulated carrier signals to the vehi-
cle station {{a. More specifically, when the con-
tacts 115 of the relay RIID are closed to apply
an operating potential to the anode ¢f the oscil-
lator 52, operation of this oscillator to generate
a high-frequency signal carrier is initiated.
thereafter and when the attendant at the sta-
tion {8 speaks into the Floud speaker 8§53 micro-
phone 64, the generated voice signal is amplified
through the amplifier 58 and modulated upon the
generated signal carrier in the modulator stage
8i. The voice modulated signal carrier appear-
ing at the output side of the modulator 51 is im-
pressed between the line {3 and ground through
the contacts {12 and the coupling network 86 for
radiation to the pickup and radiating circuit 36
of the vehicle station {ia, At this point, it is
specifically noted that the voice signals generated
through operation of the microphcne €4 in the
manner just explained are not impressed upon
the line {4, Thus, with only the two relays R1§




.-and R120- operated,-the
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circuit-over which voice

.. signals - may be transmitted from:the -microphene

.84 to the line. 14.is held open at the contacts- 101,

152 . and- (42 -of -thé. three de-energized relays

. [R110] R100 and R140. It is also noted that-the
. .voice -signals which are-radiated from-the-vehi-

cle station {{a -and transmitted through the-re-
ceiver 4910 -the loud speaker . 65 for reproduc-

-tion during a-period -when-the-two-relays R140

and Ri20 are de-energized, are not.repeated or

- relayed totheline 14. - Under-such eircumstances,

.~ the connection ‘between:the output: terminals of

-.the receiver 49 and the line 14 is also-held epen

. at contacts: 101, ~152 -and-142 - of--the: three- de-

..energized relays R100, R150,and R148,

After the attendant at the way-station. 18-has

. -completed his reply to-the attendant-at-the vehi-

.cle station' 1ia, he may. release-the: self-restoring

: press-to talk key 66 -[547, thereby. to-condition

_‘the associated equipment for the reproduction of *
- the voice:signals: which may be radiated from the

.. station i la in response to his reply.. Incident to
. the release of the key 66, the two relays R120 and
‘R 10 are successively de-energized:in the:order

C=named: - When . these-relays-restore, the: trans-
- mitter- is- rendered:-inactive and- the receiver

-aétive; the coupling network- 56 is-switched from

a connection with the transmitter-48 to a-con-
nection with-the receiver 48;the connection be~

tweeii the microphone: 64 and the transmitter 48°

' is broken, and-the:cornnection between the loud
-1 'speaker 65 -and:the-receiver -49 is: restored;- all
in & manner -which:will: be fully dpparent from
- the above:explanation. s It  will: thus be clear-that

-.*through-selective -actuation of the press-to:talk :
~"keys 4% ‘and- 66 respectively:provided at the sta-

- tions 1 fd’and 18, a two<way: communicationsmay
- pe held ‘between -thesé: twostdtions so-long as
~:the'train: I+ is travelling: within the:range of

- ‘sommunication éxtending to:the: way’ statiof: 18,

- Assuming now that the attendant at the:vehi-

= clevstation f | a:-desires: to-converse with the:dis-
. r'patcheér at:the station:18, the-call tothe-ais-
s-patcher-station may be initiated: by actuating
the'call key 43:for a short-interval-‘andthen
: releasing -the same. - When this'key is actuated,
:‘the relay 45 is‘ehergized:-‘through: the:-contacts

- 43h and the start cireuit for thieisignal oscillator

;43 is completed at:the’contacts-43a.” Withthe

- -relay’ 45 energized: and: the:signal: oscillator: 42-

. operating, arearrier: modulated. at: theé-call-fre-
Lrquency of ‘the oscillator: 42 istradiated- from:the
“.station 1la. *Assuming:that the:call is-thus ini-

s tiated while: the train i is'travelling within-the
~range of communication between:-thesstations i la
fand 18, thé modulated carrier: istransmitted

*._through the receiver 49 and the filter network-56a
.. '[567 to-the input: side: of-the-call-signal rectifier

g2, In this. regard it is”pointed-out-that-the - -
“CAlberi[5TY 57a-has the:function: of “blocking the:

r‘e‘ceivedi: call. sighal ‘against-transmission: to-the
loud -§peaker 65. Similarly, the.filter:EL56%56a

‘has the fufiction of preventing:signals'within the
iryoicé frequency range” fromi being transmitted
. to-the input side of the.call signal rectifier 62 It
s pointed ‘out further that a common call signal

*frequency, preferably of theorder of 3;259 cycles,

v igiassigned for calling any way station from: -any

-~ yeéhicle station: Inother words; the:signal oscil-

“lators: 42 a§ provided' at aliivehiclestations are
sitset to”operate’ dt this frequency,-and the: filters
 [567 56u as brovided’ at -the®respective way sta-

*tions are designied to pass only this fFequency.

vrirhe call signal gy transmitted throughithe fil-
v ter 7 [56F 566 to’the" rectifier ‘62 igvrectified

v 210

. [through this. filter- and is utilized] therein. to

eﬁéct-a, rise in the-current traversing the. series
connected windings of the two relays R130.and

" R{40 of sufficient magnitude to cause these relays

10

to operate. At its contacts 141, the relay Ri40
opens.2 point.in the circuit for energizing the
switching relay R110. At its contacts 142, the
relay R (40 bridees the loud speaker €5 across the
winding 63a of the transformér 63 and complétes
a path for conneeting the indicated: transformer

- winding across the output terminals of the re-
. ceiver 49 [48].  The relay Ri30, upon opetating,

- closes its contacts 131 to shunt its own winding
. with the series connected-condenser 134 and re-

. sistor 135, thereby to render itself slow to release.

" At-its contacts 132, the relay R130.completes an
. obvious circuit for energizing. the slow to release

relay R150.

‘The latter relay, upon- operating,

.clpses its-contacts 152 to-shunt the contacts 142

_in-.the.circuits for coupling the line 14 to the

. input side of the transmitter 48 or the output

. terminals of the receiver 49. At its contacts 151,

‘:' the relay R150- prepares a circuit for energizing
the switching relay RI10.

25"

" With the three relays RiI30, RI40 and- RI150

.-thus--operated, and with the relay 45- operated
..at the vehiecle station -1 fa, a -channel including
. the. transmitter- 39, -the contacts 47, the cou-
_pling network 31, the space link between the sta-

30

tions. iia and. 18, the coupling network 5§, the

-receiver -48; the -contacts: 114, 142 and- 152, .and
--the-.coupling. transformer'lG:i, is -provided for
.. transmitting voice. signals from the vehicle. sta-

-dispateher -station: for reproduction,

tion {la to the line 14 and over-this line to-the
I If, there-
fore, the call is sufficiently urgent, the attendant

--at. the station Iia. may -call the .dispatcher by

speaking into the microphone &(-and identifying

~the train {1, without waiting to. monitor the line
-in exrder- tdv»Qeterminer.--the idle or busy condition
—-thereof. -On-the other hand, if the call is not

urgent, the normal procedure is for -the attend-

+osant-ab- the.':s_tation‘to,mc'mitof the line.i4.for a
-..short monitoring period -before -actually "calling

- the dispatcher.” . To this-end, the key 43b is re-

.- leased,-thereby to terminate the transmission of
~the-call-signal from the-station la to the way
.-station 18... When .this signal is terminated, the
. scurrent traversing the winding of the relay R149

. is. rapidly decreased bo. effect the release’ of this
-relay. In-restoring, the relay R140 opens its con-
tacts: 142-to.interrupt the shunt across the con-

stacts-152.: - At .its contacts 141, the relay Ri40

--completes the prepared -circuit through-the con-
- tacts 151 for-energizing the switching relay R110.

.+:The relay Ri10, upon operating,.opens its con-

.-tacts- | 1. to. interrupt the channel over'which the

60"

-+-signal ‘modulated carrier was delivered to’ the
<input-side of-the. receiver 48. .Due, however, to

the-described. slow-to release. characteristics of

-. the.-two relays-R130 [R149] and RI50, these re-
--..lays-stay operated for several.seconds after the
. -delivery of the call signal voltage to the rectifier

.62 -is-interrupted. At its contacts 112, the relay
< RI10-connects -the coupling -network 56 to the

-.output- terminals: of- the transmitter 48, thereby
. -to “prepare- the. equipment;-for" the radiation of

.iyoice signals traversing the.line. {4.' At its con-
- tacts-i14,-the - relay ERI0] -R110 interrupts the
.-path-bridging the transformer winding 83a across
1 the-output side of -the receiver- 48. At its con-

- tacts 113, -the -relay. R110 completes a ‘path
.~ through’-the -[parallel- -connected] contacts 152
“Land - 1423-for. bridging -the -winding 63a across

" the-input-ferminals: of -the amplifier §0. At its
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contacts [ 16, the relay R119 opens the circuit over
which anode current is delivered to the tubes
of the receiver 49, thus rendering this receiver
inactive. At its contacts {15, the relay Ri1% com-
pletes the previously described circuit for deliv-
ering anode current to the tubes of the trans-
mitter 48, thus rendering this transmitter opera-
tive. From the above explanation, it will be un-
derstood that upon operation of the switching
relay RI10, the receiver 49 is rendered inactive,
and the transmitter 48 is rendered operative to
radiate voice signals appearing upon the line i4
as a result of the use of this line in communicat-
ing between dispatcher station {5 and the other
way or vehicle stations disposed along the track
10. Thus if the line 14 is busy, the voice signals
appearing thereon are impressed upon the input
terminals of the transmitter 48 through the cou-
pling transformer 63, the contacts 152, and the
contacts 113, Such voice sighals are modulated
upon the signal carrier generated through op-
eration of the osecillator 52 and are delivered to
the line 13 for radiation to the vehicle station
fla through the contacts {{2 and the coupling
network 56. It will be apparent, therefore, that
if the line (4 is busy at the time the call to the
dispatcher station 5 is initiated at the vehicle
station (1, the attendant at this vehicle station
may ascertain this fact during the short moni-
toring period which is determined by the release
time of the relays R{30 and R150 TRI140]. After
a period of from ten to twenty seconds, starting
with the operation of the relay Ril0, the relay
R (30 is sufficiently de-energized to release. Upon
restoring, this relay opens its contacts K327 121
to interrupt the path over which the delay im-
pedances 134 and 135 are connected in shunt with
its own winding, thereby to render itself fast to
operate. Af its contacts 132, the relay Ri38 de-
energizes the relay RI{50.
restores and opens its contacts 151 to de-energize
the switching relay R110.

At its contacts 111 and 112, the relay Ri{9
disconnects the line 13 from the cutput terminals
of the transmitter 48 and reconnects this line
to the input terminals of the receiver 49. At its
contacts {15 and {16, the relay Rii0 opens the
circuit for delivering anode current to the tubes
of the transmitter 48 and recloses the circuit for
delivering anode current to the tubes of the re-
ceiver 49. Thus, the transmitter 48 is rendered
inactive and the receiver 49 is endered active.
At its contacts 113, the relay RII0 opens the
described path for bridging the transformer
winding €3a across the input terminals of the
amplifier 58. At its contacts 114, the relay R{I8
- completes a path Fthrough] to the Fclosed) con-
tacts 192 for prenaring a circuit for bridging the
transformer winding 63a across the output termi-
nals of the receiver 49. Thus the equipment pro-
vided at the way station {8 is restored to normal.

If upon menitoring the line 14 in the manner
just described the attendant at the vehicle sta-
tion {ia finds that the line is idle, he may then
call the dispatcher at the station 1§ by again
pressing the key 43 and talking into the micro-
phone 4i. When the key 43 is operated, the re-
lays 45, RI30, RI49 and RI50 function in the
manner explained above to condition the equip-
ment at the way station {8 for the relaying of
voice signals from the station iia to the line i4.
Accordingly, the attendant may speak into the
microphone 4i and identify the vehicle station
112 as a calling station at the dispatcher station
18. Upon release of the key 43, the relays Ri30,

The relay Ri59 now ©
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R140 and R{58 function to first establish the de-
scribed monitoring channel and to then restore
the equipment at the way station {8 to normal.

From the above explanation it will be appar-
ent that the deseribed monitoring period is meas-
ured by the release time of the relays RI138 and
R1{50. If desired, the two relays RI130 and RI50
may be of the dash-pot type, in order to provide
for monitoring periods of longer duration than
can be obtained by conventional slow-to-release
relays. It will also be understood that since the
three relays R139, R140 and R 1590, as respectively
provided at the different way stations, are ar-
ranged to respond to call signals of the same fre-
quency, i. e., 3250 cyeles, and the vehicle stations
are equipped to transmit call signals of only this
frequency, the equipment at two of the way sta-
tions may be concurrently operated in the exact
manner described above when a call signal is
radiated from a vehicle station. Thus if the sta-
tion lla is located at a point between the two
way stations (T and {8 at the time the above-
described call to the dispatcher station 5 is
initiated thereat, the eguipment at each of the

5 two stations I8 and 17 will be concurrently oper-

ated to establish two parallel monitoring and eall
channels between the line 14 and the vehicle
station [ia.

As indicated above, if the line 14 common to
the several way stations is not busy at the time
the above described call is initiated at the vehicle
station I{a, the attendant at the latter station
may audibly call the dispatcher attending the
station I8 by speaking into the microphone 41 and
identifying his particular vehicle station. The
voice currents are modulated upon the carrier
output of the transmitter 39 and radiated to the
way station i8 where they are picked up by the
receiver 49, demodulated in the detector 54, am-
pliied in the amplifier 55 and transmitted
through the coupling transformer 52 and over the
line 14 for reproduction by the loud speaker at
the dispatcher station I5. They are also deliv-
ered from the receiver output eircuit through the
contacts {22 to the loud speaker 55 for reproduc-
tion. Thus the attendant at the way station 18
is informed that the dispatcher is being called
from the vehicle station [ {a. Knowing the iden-
tity of the vehicle station fia, the dispatcher
attending the station 15 may, by consuiting train
schedules, ascertain the approximate location of
the train {1 along the track system {6 and thus
be informed as to the proper way station to seize
in order to establish a two-way communication
channel between the dispatcher station and the
calling vehicle station fla. In the case under
consideraticn, the dispatcher can readily ascer-
tain that the way station 18 is within the range
of communication with the vehicle station {fa.
To seize this way station, the dispatcher may
actuate the locking call key 26, thereby to ener-
gize the relay 80. This relay, in operating, bridges
the output terminals of the 4000 cycle oscillator
22 across the conductors of the line {4. The high-
frequency voltage is passed through the filter 58
at the way station 18 aud is impressed upon the
input circuit of the amplifier 58. At each of the
other way stations. the band pass filter 58 func-
tions to prevent the described call signal voltage
from appearing in the input circuit of the asso-
ciated amplifiers 53. The signal voltage appear-
ing at the output side of the illustrated flter 58
is amplified through the amplifier 59, rectified in
the detector €0, and the direct current component
thereof is utilized to decrease the bias between
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- the-input-electrodes of the control tubke 6f;there-
by to increase the current-traversing the.winding

" of the éall relay "R1006:° This current: increase is
“‘sufficient to-cause the relay Ri00 to operate.: At

i -its contacts 101;the relay-R100 bridges the trans-
former winditig:63a across theioutput terminals
~of the receiver: 49 ‘and prepares:a path-forbridg-
-+ ing this *wihding across -the input-terminals of
~thetransmitter 48. ~At its-contacts™02; the relay

R 100 prepares a;circuit for energizing theswitch-

= ing relay R118. “The station ¢all key 26 is-held
- ifrits off<norral position to maintain the output
s terminals of the oscillator' 22 bridged across:the
~conductors of-the line {4 for the duration of-the
wéall to the vehicle - station=1ia. ‘Substantially
=+ goncurrently with the operationn of this key;the
-~press-to talk key 34 iszoperated o' complete an
~obvious 'path for connegcting the: negative ter-
minal of the battery 35 to the:line.conductors

;-1 4 and 14b through oppssite halves of:-the trans=

»former winding33a.” “The:voltage thus:applied
-to the conductors of :the line: 4 serves- to-ener-
#isgize- the switehing relay R110 in a-eircuit"which
=~ ineludes the conductors -14a and™4b in parallel,

+i- the two halves’ of the transformer winding” 635

- and the contracts 102.- In operating;-the relay
R 110 prepares the equipment at the ‘way:station
‘I8 for the tadiation! of voice sighals 'impressed

~-upon- the line 14 in a-manner which-will be-fully

rapparent from:the preceding: explanation. *Fol=

iw-lJowing the operation of the two' keys 26-afid 34
“1 to’'effect the described switching operatioris at the
“way station 18, the dispatcher atiending tlie sta-
~tion' 15 may speak into the microphone or trans-

-+ mitter ‘embodied - ih “the 'sub-station eguipment :

239 to transmit voice ‘sighals over:the line* 14 to
~:the way station’ (8" With the transmitter 48
- getive; thesé signals are modulated upon the car-
“rier output of the oscillater 52 ‘and radiated from
i*.theline {3 to the pick up-and fadiating ecireuit
" 36 at the vehicle station 114, Froni-this eircuit,
~r=they-are trapsmitted through -the colpling net-
Aw"ork 31-and:the reéceiver-38 15 the loud speaker
= go-for reproduction; - Tt.-Wwill be hoted that since
-the-relay R110 is operated,"the contacts' I14.are
opeh to-prevent -the voice signals-originating at

- hy-the loud speaket 65.¢
-« »gnswered the ¢all- in' the:manner:just described,

trainsmission of voice sighals in the reverse direc-
tion;i. e, fromi the vehicle station-t'la to- the dis-
~+patcher-station’ 32.: - To initiate such'voice trans-
- miission; it is obviously-necessary for the' attend-
~-gnt-at’the “vehicle station ‘11a to - actuaté-the
--press-to 'talk: key 44 for the purpose of -associat-
<ing-the-transmitter 39 with the pickup andradi-
~~gting -circuit 36.

proprlate manipulation” of the press-to talk keys
44 and: 34 respectively provided:at the-two sta-
‘-"’tions 11a -and [5; voice signals may ~be>trans-
~itted in‘either direction between these two sta-
tions over ‘&’ communication channel which+in-
“-eludes™the 'space- link between  the' statiori=iia
‘and ‘the ‘way station’ 18 and the ‘wire link -con-
~neeting this way station® with the dispatcher sta-
“otight 18, The yoicé signals originating at the ve-
- hicle station -are-reproduced by the loud speaker
65-and-serve: to keep the attendant at the-way
station: 18 advised as to-the duration’' of the call.
After the conversatioh-has been concluded;:the
dispatcher:at: the:station : 15-may- release’ ithe

the -dispateher station- 15 from beingreproduced -
Aftér the dispatcherhas -

the key-34 may be restéred to-normal to-de-ener-.
gize-the switching relay R110 and thus prepare -
tuthe equipment® at *theway station® I8 »for+the -

“Movre genérally, it will be -ap=
-~ parent from"the-above: explanation:that by ap- -

“egquipmient at:the way’station 8-'by restoringithe

~callkey 26 tormormalc:

:Iniresponse to.this:oper-

~" ation, the reldy- 30- restores to ‘disconnect:the out-
- put -terminals 'of :the:oscillator 22 from:theline

* the-call relay R100.:

conductors i4a and i14b, thereby to de‘energize
Insreleasing, the relay'R100

:«.opens:its contacts 104 to-interrupt the paths over
- which thetrahsformer winhding 63a:may: be selec~

10

< tively bridged across the:input terminals: of the
transmitter 48 or: the output-terminals of the re-

ceiver 49, ‘Thus, the 'equipment at the way sta-

“tion I8 is restored-to normal.

““The : manner - in‘“which “the’ tgommunication

“equipment respectively provided at: the othersway
stations -may - be seized:on a. selective “basis
‘through selective operation of the call ‘keys. 24,
“95-and 271 will ‘be evident from the preceding-ex-

- -planation. : It will ‘also:be understood that if*the
. dispateher attending the station 15 desirés totalk

20

with the atténdant at the way station 18; forex-

- graple; the ¢all Xey- 26 is aetuated to.impress the

~-gutput’ voltage. of ‘theoscillatoir™ 22 atross-the

‘conductors of thé line' 14 and thus effect-opera-
tion of the'call relay'R1080.° With:this relay oper-
ated and the two'relays:R100:and R120 released,

-yoice signals-transmitted- over the line: [4:from

-the "dispatcher - station” 5 are: impressed “upon

the l6ud speaker- 65:through”the coupling-trans-
formet 63 and the -contacts: 01,7114 and122.
Such sighals are not impressed:tipon: the input
side of:the transmittét: 48: for radiation: frox:the

“way station’ (4. 'Thus with only the: relay R100

operated at. the station .8, the:path for trans-
mitting voice -sighals  from™ the -line” 14: to the
transmitter: 48 is' held:open-at the-contactsi113.

-To- answer “the ‘call; it -is' necessary for thé at-

* téndant - at’ the -way-station” 18 to ractuatethe
- press-to talk Key 66-for the purpose of ‘energizing

" the relay Ri20.

40

This relay, inioperating, ‘eloses
its contacts 123 to energize- the switching relay
RI10. At -its-contacts’ 121 dnd 122 -the relay

oRA 20-disconnects ‘the- loud speaker 65" from the
"7 trahsformer- winding 3 and: prepares a path-for
. bridging -the: microphoné - 64 “across - this-trans-

R {0-are without effect:
50
~viously be transmitted from*the ‘mictophone 64
~ through' the transformer 63 and-over ‘the:line i4

-+ at the dispatcher station 15.%
-stood, thereforé;” that by -selective -actuation of

former winding.”'The relay R110; in-operating,

* closes-its' contacts 112 to connect:the 'micx’ophone
- 64 across the transformer winding 63a."

‘The re-~
maining circuit switching operations of the relay
; » Following cperation of
the relays R120 and ‘R 10; voice-sighals may ob-

for reproduction by the loud speaker: provided
I will~be- under-

- “the press-to ‘talk key 86-at the called way station .
i 18,-volce ssighals may be transmitted in'either
‘-direction-between thetwo-stations 5 and (8. In

60

this regard it"will be'ncted that with the:two-re~
lays Ri10 and RI120 operated, the transmitter 48

« is~ conditiohed for operation:‘and voice signhals

: fdeVeldpeid'“ through ‘operation ofthe' mircophone
“ 64 are-impressed-upon the input :circuit’ of “this

< transinitter.
5 -ated -by-the:trandinitter-48-.and are received at

Thus, ‘the voice -signals: are’ radi-

the’vehicle ‘station of any vehicle moving “along

©-the-track system’' F8within the range of transmis-

“sion of - the way station”{8.%

‘The  attendant at

- any-such vehicle:station i thus informed that the
o way-station® (8 is husy.™

‘Here again, the rejéase

i ofthe equipment at the: way station 18 is under

“fhe control’ of the digpatcher atténding the sta-
tion 15 sticherelease: being éffected by  restoring
v rthie.call'key. 26:to.normaf toeffect the:deenergiza~
tion -and:-release of:the’call relay: Ri00.:

In a
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manner entirely similar to that just described,
the dispatcher attending the station {8 may se-
lectively call the attendants at any one of the way
stations 16, 17, 19, etc., associated with the
line (4.

It will be noted that when the equipment at
the way station 18 is not in use on calls involving
the dispatcher station 5, all of the relays pro-
vided thereat are deenergized. With the relays
~RI00, R150 and R140 restored, the contacts 104,
. 152 and 142 are open to prevent voice signals
from being transmitted from the line i4 to the
lougd speaker 85 or the input circuit of the trans-
mitter 48 and to prevent voice signals from being
transmitted from the output circuit of the re-
ceiver 4% or the microphone 6£2 to the line i&,
Thus, the line {4 is guarded against receiving
voice signals which might interfere with the use
thereof by the dispatcher attending the dispatcher
station !8. If the atitendant at the way station
18, for example, desires to monitor the line {4
for the purpose of determining the idle or busy
condition thereof, he may actuate the key 24
to bridge the loud speaker 65 and the input cir-
cuit of the transmitter 48 across the transformer
winding 62a over a path which includes the con-
tacts 114 and the contacts 122, With this moni-
toring connection established, voice signals ap-
pearing upon the line 14 are obviously transmitted
to the loud speaker 65 for reproduction. If upon
establishing this monitoring connection, the at-
tendant at the way station 8 ascertains that the
line 14 is idle, he may call the dispatcher station
I5 by actuating the press-to talz key 68, thereby
to effect the sequential operation of the two relays
Ri120 and Rii0 in the manner described above.
With these two relays operated, the loud speaker
85 is disconnected from the transformer wind-
ing 63 and the micrephone §4 is bridged across
this winding to complete a channel over which
voice signals may be transmitted to the dis-
patcher staticn 18 for reproduction. After insti-
tuting a call in the manner just described, the
attendant at the way station 18 may, hy selective
operation of the key 68, condition the eguipment
at the way station {8 for the reception of sig-
nals received over the line {4 or the transmission
of signals to this line, thereby to provide for a
two-way communication with the dispatcher sta-
tion 15. After the call is completed, the key {2
should be restored to normal in order to inter-
rupt the minotoring connection between the loud
speaker 55 and the line 14,

While there has been described what is at pres-

ent considered to be the preferred embodiment .

of the invention, it will be understood that various
modifications may be made therein which are
within the true spirit and scope of the inven-
tion as defined in the appended claims.

I claim:

1. A system for communicating between a dis-
patcher station and a vehicle moving slong a
predetermined route, comprising way stations
provided at spaced points along said route and
each including space transmitting and receiving
means, sighal radiating and pickup means com-
mon to the transmitting and receiving meang at
said way stations, a station carried by said vehicle
and including space ftransmitting and receiving
means, a [signall single two-way telephone chan-
nel commonly associating said way stations with
sald dispatcher station and constituting the sole
means for such purpose, and means for selectively
establishing communication channels between
sald dispatcher station and said vehicle station
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over routes which respectively include different
ones of said way stations.

2. A system for communicating between a dis-
patcher station and a vehicle moving along a
predetermined roufe, comprising way stations
provided at spaced points along said route, a
single two-way telephone channel commonly ws-
sociating a dispalcher station with the woy sta-
tions, a station on said vehicle, means providing
for space communicating between said wvehicle
station and different ones of said way stations
when said vehicle is dispossd at different points
along said route, and means controllable solely
by way of said telephone channel for selectively
establishing communication channels between
said dispatcher station and said vehicle station
over routes whiech respectively include different
ones of said way stations and all of whﬂch include
said telephone channel.

3. A system for communicating between a dis-
patcher station and a vehicle moving along a pre-
determined route, comprising way stations pro-
vided at spaced points along said route, a single
two-way telephone channel commonly associal-
ing the dispaicher station with the way stations,
a. station on said vehicle, means providing for
space communication between said vehicle sta-
tion and different ones of said way stations when
said vehicle is disposed at different points along
said route, means at said vehicle station for
signaling said dispatcher station over different
routes which respectively include the nearest ones
of said way stations and all of which include soid
telephone channel as said vehicle moves along
said predetermined route, and means at gaid dis-
patcher station controllable solely by way of said
telephone channel for establishing esmmunica-
tion channels bhetween said dispatcher station
and sald vehicle station over routes which respec-
tively include different ones of said way stations
and all of which include said telephone channel.

4. A system for communicating between a dis-
patcher station and a vehicle moving along a
predetermined route, comprising way stations
provided at spaced points along said route, a
single two-way telephone channel commonly as-
sociating said dispatcher station with said way
stations, a station on said vehicle, means provid-
ing for space communication between said vehicle
station and different ones of said way stations
when said vehicle is disposed at different points
along said route, means at said way stations se-
lectively controllable from said dispatcher sta-
tion solely by way of said telephone channel for
establishing one way communication channels
between said dispatcher station and said vehicle
station over routes which respectively include dif-
ferent ones of said way stations and all of which
include said telephone channel, and means at the
way station included in any one of said commu-
nication channels and controllable from at least
one of the vehicle and dispatcher stations. for
changing the direction in which signals may
be transmitted over the communication channel,

5. A system for communicating between a dis-
patcher station and a vehicle moving along a
bredetermined route, comprising way stations
provided at spaced points along said route, @
single two-way telephone channel commonly as-
socialing the dispatcher station with the way
stations, a station on said vehicle, means provid-
ing for space communication between said ve-
hicle station and different ones of said way sta-
tions when said vehicle is disposed at different
points along said route, means at said dispatcher
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station for selectively seizing said way stations
solely by way of said telephone channel to es-
tablish one way communication channels between
said dispatcher station and said vehicle station
over routes which commonly include said tele-
phone channel, and means ab any seized one of
said way stations controllable from said dis-
patcher station over said telephone channel for
changing the direction of signal transmission
over the established communication channel.

[6. A system for communicating between a dis-
patcher station and a vehicle moving along a
predetermined route, comprising way stations
provided at spaced points along said route; a
station on said vehicle. said- way stations and
vehicle station each including space communi-
cation equipment of limited predetermined. com-
municating range in either direction along said
route, said way stations being so ‘spaced along
said route that the range of communication of
each way station substant;xally overlaps the range
of communication. of each adjacent way station,
whereby said vehicle station is successively moved
into the ranges of communication of different
pairs of said way stations as said vehicle pro-
ceeds along said route, and mieans for selec-
tively establishing communication ¢hannels be-
tween said dispatcher station and said vehicle
station over routes which respectively include
the way station nearest or next nearest said
vehicle.}
© 4. A system for communicaling with a vehiele
moving along a predetermined route, comprising
a master station, a plurality of way stations

located at spaced points along said route, a single -

two-way telephone [signall channel commonly
associating said master station with said way sta-
tions, said way stations each including space
communicating equipment for radiatiiig signals
to a vehicle moving along said. route and for re-
celving signals radiated from the vehicle, and
means controllable from said master station
Lover saidl solely by way of said felephione

L[signal] channel for seleetively associating said

way stations with said channel for the trans-
mission of signals between said master station
and the space communicating equipment at any
selected way stations over sdid teléphone channel.

8. A system for communicating with a vehicle
moving along a predetermined route, compris-
ing a master station, a plurality of way stations
located at spaced points along said route, a single
two-way telephone [signall channel commonly
associating said master station with said way sta-
tions, said way stations each including space
communicating equipment for radiating signals
to a vehicle moving along said route and for re-
ceiving signals radiated from the vehicle, means
controllable from said master station [over saidl
solely by way of said telephone [sighal] channel
for selectively associating sald. way stations with:
said channel for the transmission of signals in

one direction by way of said channel between

said master station and the space communicating
equipment of the selected way station, and means.
at the selected way station, I'.'also] controllable
over said [signaly channel, for controlling the
equipment at the selected way station to change
the direction in which sxgna,ls may be transmitted
between the master station and the selected way
station by way of said channel.

9. A system for communicating with a vehicle.

moving along a predetermined route, comprising
& master station, a plurality of way stations Tocat-
ed at spaced points along said route; a: signal
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channel commonly associating said master sta-
tion with said way stations, said way stations each
including space gommunicating equipment for
radiating signals received over said channel to.a
vehiele moving along said route and for relaying
signals radiated from said vehicle to said chan-
nel, means at sald master station for selectively
transmitting control signals [over] solely by way
of said channel havmg frequencies respectively
corresponding to the different way stations, and
means at s:ud way stations selectively responsive
to said control signals of different frequencies for
seleotxvely assoelating sald way stations with said
channel for the transmission of signals between
said master station and the space communicating
equipment at any selected way station.

10. A system. for communicating with & ve=
hzcle meving along a- predetermined route, com-
prxsmg a master station, a plurality of way sta-
tiong located at spaced points along said route; a
two-conductor signal channel commonly asseci-
ating said master station with said way stations;
said way statlons each including space commu-~
nieating euulpment for radiating signals received
over said channel to a vehicle moving along said
route and for relaying sighals radiated from said
vehicle to said channe], means at said master
station. for seleetively transmitting control sig=
nals over said channel having frequencies respec<
tively corresponding to the different way stations;
means at said way sta,tmns selectively respon-
sive to:said eontrol signals of different frequen-
cies for selectively asseeciating said way stations
with said- channel for the transmission of sig-
nals received by the equipment at the selected
way station to said master station over said:
channel, and means at the selected way station
controllable over the two. conductors of said
channel in parallel from ssid master station for
selectively conditioning the equipment st the se-
lected way station for the radiation of signsals
igceived over said channel from said master sta~

101Y,

1. A system for comununicating with a ve=
hicle moving aleng a predetermined route, coms
prising a master station; a plurality 6f way sta=
tions located. at spaced pomts along said route;
a signal channel commonly associating said
master station with said way stations, said way
stations each including space communicating
equipment for radiating to & vehicle moving
along said route signals having frequencies with«
in a predetermined frequency band. and received .
over said signal chaniel and for relsying signals
radiated from said vehicle to said channel, means
at said master station for selectively transmlttmg
control signals over said channel having fre-
quencies outside said predetermined frequency
band and respectively corresponding to the' dif-
ferent way stations, and means at said way sta-
tiens selectively responsive to said ¢ontrel signalg
of different frequencies for selectively associating
sai¢d way stations with said channel for the
transmission of signals between said master sta=
tion and the space eommunicatihg: equ1pment at
any selected way station.

12. A system for eommunieating with a ve=
hicle meving along a predetermined route; com=-
prising o master station, a plurality of way sta-
tiong located: at- spaced pomts along said route; &
two-conductor signal ehannel commonly coh=
necting said way stations with said master station,
said way stations-each ineluding space communts
cating equipment for radiating to a vehicle mdgy-
ing along said route signals having frequencies
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within a predetermined frequency band and re-
ceiveg over said signal channel from said mas-
ter station, and for relaying sighalg radiated from
said vehicle to said channel, means at said mas-
ter station for seléctively transmitting control
signals over said channe] having frequencies out-
side said predetermined frequency band and re-
spectively corresponding to the different way sta-
tions, means at said way stations selectively re-
sponsive to said control sighals of different fre-
guencies for selectively associating said way sta-
tions with said channel for the transmission of
signals received by the equipment at the selected
way station to said master station gver said chan-
nel, and means at the selected way station con-
trollable over the two conductors of said channel
in parallel for selectively conditioning the equip-
ment at the selected way station for the radiation
of sighals received over said channel from said
master station.

13. A system for communicating between a
master station and a vehicle moving along a pre-
determined route, comprising a way station lo-
edted along said route, a station on said vehicle,
means ab sald vehicle and way stations provid-
ing a space communication link between said ve-
hicle and way stations, a general purpose com-
munication channel associating said master sta-
tion with ‘said way station, and means at said
way station controllable over said space link from
said vehicle station for permitting said communi-
cation channel to be monitored from said vehicle
station over said space link.

14 'A system for communicating between a
master station and a vehicle moving along a pre-
determined route, comprising a way station lo-
cated along said route, a station on said vehicle,
means at said vehicle and. way stations provid-
ing a space commutication link hetween said ve-
‘hicle and way stations, a general purpose com-
munication channel associating said master sta-
tion with said way station, and means at said
way station controllable over said space link from
said vehicle station for establishing a calling
connection between said vehicle and master sta-
tions which includes said space link and over
whieh a call signal may be transmitted to said
master station, ‘and for then altering the con-
nection to establish a monitoring connection be-
tween vehicle and way stations over which said
communication channel may be monitored from
said vehicle station.

* 18, A system for. communicating between a
master station and a vehicle moving along a pre-
determined route, comprising a way station lo-
cated along said route, a station on said vehicle,
means at said vehicle and way stations provid-
ing a space communication link between said ve-
hicle and way stations, a general purpose com-
munication channel associating said master sta-
tion with said way station, means at said way
station controllable over said space link from
said vehicle station for establishing a calling
connection between said vehicle and master sta-
tions. which includes said space link -and over
which a call signal may be transmitted to said
master station, and for then altering the con-
nection to establish a monitoring connection be-
tween vehicle and way stations over which said
coramunication channel may be monitored from
said vehicle station, and means at said way sta-
tion controllable over sald communication chan-
nel from said master station for establishing a
communication connection between said master
station and said vehicle. station which includes
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said communication channel and space link in
series. o o

16. A system for communicating between a
master station and a vehicle moving along a pre-
determined route, comprising a way station lo- .
cated along said route, a station on said vehicle,
space communication eguipment at said vehicle
and way stations providing a space communica-
tion link between said vehicle and way stations,
a general purpose communication channel asso-
ciating said master station with said way station,
means at said vehicle station for transmitting a
control sighal to said way station over said space
link, means at said way station responsive to said
control signal for conditioning the equipment at
said way station to relay signals radiated from
said vehicle station to said communication chan-
hel, thereby to permit call signals to be trans-
mitted to said communication channel from said
vehicle station,” and means operative following
the operation of said last-named means for con~
ditioning, for a period of limited duration, the

- equipment at said way station to relay signals
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received over said communication channel to
said space link, whereby said communication
channel may be: monitored from said vehicle
station, e

17. A system for communicating ketween a
master station and a vehicle moving along a pre-
determined route, comprising a way station lo-
cated along said route, a staticn on said vehicle,
space communication equipment ai said vehicle
and way stations providing a space communica-
tion link between said vehicle and way stations,
a, general purpose communication channel assc-
ciating said master station with said way station,
means at said vehicle station for transmitting a
control signal to said way station over said space
link, means at said way station responsive to
said control signal for conditioning the equip-
ment at said way station to relay signals radi-
ated from said vehicle station to said communi-
cation channel, thereby to permit call signals to
be transmitted to said communication channel
from said vehicle station, means cperative fol-
lowing the operation of said last-named means
for conditioning, for a period of limited duration,
the equipment at said way station fo relay signals
over said space link from said communication
channel;,” whereby said communication channel
may be monitored from said vehicle station, and
means at sald way station controllable cver said
communication channel from said master station
for establishing a communication connection be-
tween said master station and said vehicle station
which includes said communication channel and
space link in series.

18. A system for communicating with 5 vehicle
moving along a predetermined route, comprising
a dispatcher station, a plurality of way stations
located at spaced points along said rcute, a sta-
tion on said vehicle, a single general purposs two-
wire communication channe] commonly associ-
ating said dispatcher station with said way sta-
tions, said way stations and said vehicle station
each including space communicating equipment
for radiating signals and receiving radiated sig-
nals,” whereby different space communication
links may be established between said vehicle
station and different ones of said way stations,
and means controllable from said dispatcher sta-
tion Eover] solely by way of said two-wire com-
munication channel for selectively establishing
communication channels between said dispatcher
and- vehicle stations over routes which respec-
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tively include different selected ones of said space
Ihks and all of which include said two-wire
channel,

19. A system for communicating with a vehicle
moving along a predetermined route, comprising
& dispatcher station, a. plurality of way stations
l6cated at spaced poinfts along said route, a sta-
tion on saigd vehicle, a general purpose communi-
cation channel commeonly associating said dis-
pateher station with said way stations, sald way
stations and said vehicle station each including
space; commumcatmg equipment for radiating
signals and receiving radiated signals, whereby
different space communication links may be
established betweeir said' vehiclé and way sta<
tions, means at each way station controllable over
the associated space link from said veh1c1e station

- for- permitting said c¢ommunication channel to
be monitored from said: vehicle station over said
associated. space link, and’ means controllable
from said master statmn over said communica-
tion channel for selectively establishing com-
muiiication channels between said dispatcher and
vehitcle stations over routes which respectively
incliide different selected ones of said space links.

20. A system for communicating between a
master station and a vehicle moving along a pre-
determined route, comprising a way station lo=
¢ated along said route, a station on said vehicle,
space communication equipment at said vehicle
and’' way stations providing  a space communi-
catidn linik between said vehicle and way stations,
& general purpose communication channel asso-
clating said master station with sald way station,
means at said vehicle station for transmitting a
control signal to said way station over said space
link; means at said way station responsive to said
control signal for conditioning the equipment at
said waystation to relaysignalsradiated fromsaid
vehicle station to said communication channel,
thereby  to permit call.signals to be transmitted
to-said communication channel from said vehicle
station, and means responhsive to the termination
of said control signal for conditioning the equip-
ment at said way station to relay signals received
over said communication channel to said vehicle
station whereby said communication channel
may be monitored from said vehicle station.

21. A system for communicating between a

- dispatcher station and a vehicle moving along a
predetermined- route, comprising way stations
provided at spaced points along said route, a sta-
tion on said vehicle, means providing for space
communication between said vehicle station and
different’ ones of said way stations when said
vehicle is disposed at different points.along said
route, means for selectively establishing com-
munication channels between said dispatcher
station and said vehicle station over routes which
respectively include different ones of said way
stations, and means .controllable from the vehicle
station forobiaining an indication at said vehicle
station of the busy or idle. condition.of the com-~
munication channels.

22.. A system-for-communicaling between a dis-
patcher station and.a vehicle moving along a.pre-~
determined route, comprising: way stations pro-
vided at spaced points-along said route, a station
on said vehicle, means providing for space com-
munication between said vehicle station and dif-
ferent ones of said.way stations when said vehicle
is disposed at different points along said route,
means atisaid vekicle station for signaling said
dispaicher station over different routes which re-
spectively. include the nearest. ones of: said way
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stations as said vehicle moves along said prede-
termined route, means af said dispaicher station
for establishing communication channels between
said dispaicher station and said vehicle station
over routes which respectively include different
ones of said way stations, and means controllable
from the vehicle station for obtaining an indica-
tion at said vehicle station of the busy or idle
condition of the communication channels.

23. 4 system for communicdting between a dis-
watcher station and a vehicle moving along a pre-
determined route, comprising way stations pro-
vided at spaced points along said route, a station
on. said vehicle, means providing for space com-
munication. between said vehicle station end dif-
ferent ones of said way stations when sdid vehicle
is disposed at different points along said route,
means at said dispatcher station for selectively
seizing said way stations to establish one way
communication channels between said d1spatcher
station and said vehicle stdtion, means at dany
seized one of said way stations controllable from
said dispatcher station for changing the direction
of signal transmission over the established com-
munication channel, and means controllable from
the vehicle station for obtaining an indication atf
said vehicle station of the busy or idle condition
of the communication channels.

24. A system for communicating with a vehicle
moving along. a predetermined route, comprising
a master station, a plurality: of way stations
located at spaced points along said route; a single
two-way telephone channel commonly associating
said master station with said way stations, said
way. stations each including space communicaling
equipment for radiating signals to a vehicle mov-
ing along said route and for receiving signals
radiated from the vehicle, means controllable
from said master station over said telephone
channel for selectively associating said way sta-
tions with said channel for the transmission of
signals between said master station and -the space
communicating equipment at any selected way
stations over said telephone channel, and means
at the vehicle station responsive to signals derived
from at least one of the way stations for obtaining
an indication at said vehicle station of the busy
or idle condition of said telephone signal channel.

25. A system for communicating with a vehicle
moving along a predetermined route, comprising
a master station, @ plurality of way stations
located at spaced points along said route, a single
two-way telephone channel connecting said mas-
ter station with each of said way stations, said
way stations each including space communicating
equipment for radiating signalsto a vehicle mov-
ing along said route and for receiving signals
radiated from the vehicle, ineans controliable
from said master station solely by way of said
channel for selectively associating said way sta-
tions with said channel for the transmission of
signals in one direction by way of said channel
between said master station and the spuce com-
municating equipment of the selected way station,
means at the selected way station, controllable
over said channel, for cantrolling the equipment
at the selected way station to change the direc-
tion in which signals may be transmitted between
the master station and the selected way station by
way of said channel, and means at the vehicle sta~
tion for obtaining an indication at said vehicle
station of the busy. or idle condztzon of said
channel.

26.. A system for communzcating with a vehicle
moving along a predetermined route, comprising
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o dispatcher station, a plurality of way stations
located at spaced points along said route, a station
on said vehicle, g single two-way general purpose
communication channel commonly connecting
said dispatcher station with each of said way sta-
tions, said way stations and said vehicle station
each including space communicating equipment
for radiating signals and receiving radiated Sig-
nals whereby different space communication links
may be established between said vehicle station
and different ones of said way stations, means
controllable from said dispatcher station solely by
way of said general purpose channel for selec-
tively establishing comimunication channels be-
tween said dispatcher and vehicle stations over
routes which respectively -include different se-
lected ones of said space links and commonly in-
clude said general purpose channel, and means at
the vehicle station for obtaining an indication at
said vehicle station of the busy or idle condition
of said genercl purpose channel.

27. A sysiem for communicating between a dis-
patcher station and a vehicle moving along a pre-
determined. route, comprising way stations pro-

vided at spaced points along said roule, a single ©

two~way telephone channel commonly connecting
said dispatcher station with each of said way sta-
tions, a.station on said vehicle, means providing
for two-way space communicalion between said
vehicle station and different ones of said way sta-
tions when said vehicle is disposed at different
points along said route, means for selectively
establishing communication channels between
said dispatcher station and said vehicle station
over routes which commonly include said tele-
phone channel and respectively include different
ones of said way stations, and means for produc-
ing an indication at said vehicle station repre-
sentative of the busy or idle condition of said
ielephone channel.

28. A system for communwatmg between a dis-
patcher station and a vehicle moving along a pre-
determined route, comprising way stations pro-
vided at spaced points along said route, a single
two-way telephone channel commonly connect-
ing said dispatcher station with each of said way
stations, a station on said vehicle, means provid-
ing for two-waey space communication belween
said vehicle station and different ones of said way
stations when said vehicle is disposed at different
points clong said route, means at said vehicle
station for signaling swaid dispatcher station over
different routes which respectively include the

“mearest ones of said way stations and commonly
include said telephone channel, means control-
lable from said dispatcher station over said fele-
phone channel for establishing communication
channels between said dispatcher station and said
vehicle station over routes which respectively in-
clude different ones of said way stations and com-
monly include said telephone channel, and means
controllable from said vehicle station for de-
termining the busy or idle condition of said tele-
phone channel.

29. A system for communicating between a dis-
patcher station and a vehicle moving along a pre-
determined route, comprising way stations pro-
vided at spaced points along said route, a single
two-way telephone channel commonly connect-
ing the dispaicher station with each of said way
stations, a station on said vehicle, means provid-
ing for space communication belween said ve-
hicle station and different ones of said way sta-
tions when said vehicle is disposed at different
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points.along said route, means at said way sta-
tions selectively controllable over the telephone
channel from said dispatcher station for estab-
lishing one way communication channels between
said dispatcher siation and said vehicle siations
over routes which respectively include different
ones of said way stations and commonly include
said telephone channel, means at the way station
included in any one of said routes and controllable
from at least one of the vehicles and dispatcher
stations for changing the direction in which sig-
nals may be transmitied over the channel, and
means af the vehicle station jor providing an indi-
cation of the busy or idle condition of said tele-
phone channel,

30. A system for communicating between a dis-
patcher station and o vehicle moving along a
predetermined route, comprising way stations
provided af spaced points along said route and
each including space transmitting and receiving
means, signal radiating and pickup means com-
mon to the fransmitting and receiving means at
stid way stations, o station carried by said vehicle
and including spuce tr ansmitting and receiving
means, o signal channel commonly associating
said way stations with said dispatcher station,
means on said vehicle for transmitting a distinc-
tive conitrol signal fo the nearest one of said
wey stations, means in said one way station re-
sponsive to said conirol signal for conditioning
the equipment ¢t sgid one way station torelay sig-
nals radiated from said vehicle station to said
signal channel, thereby to permit cull signals to
be transmitied io said signal channel, and means
for selectively establishing co,nmumcatzon chan-
nels between soid dispatcher station and said ve-
hicle station over routes which respectively in-
clude different ones of said way stations.

31. A system for communicating with a vehicle
moving along o predetermined route, comprising
a master stetion, o plurelity of way stations lo-
coted at spaced poinis along said route, a signal

. channel commonly associgting said master sta-
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tion with seid way siations, said way stations each
including space communicaling equipment . for
raediating signals received over said channel to a
vehicle moving along said route and for relaying
signals radiated from said vehicle to said chan-
nel, means on said vehicle for transmitting .a
distinctive contrel signal to the mearest one .of
said way stations, means in said one way station
responsive to said control signal for conditioning
the equipment at seid one way station to relay
signals radiated from said vehicle station to said
signal channel, thereby to permit call signals to
be transmitted to said signal channel, means at
said. master station for selectively transmitting
control signals over said channel having fre-
quencies . respectively . corresponding to the dif-
ferent way stations, and means at said way sta-
tions selectively responsive to said control sig-
nals of different freguencies for selectively gs-
sociating said way stations with said channel for
the transmission of signals between said master
station and the space communicating equipment
at any selected way station. -
ROBERT A. CLARK, Jr.
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