2,469,555

4 Sheets-Sheet 1

HITCHCOCK

SELECTIVE RADIO COMMUNICATION SYSTEM

F.
FOR A PLURALITY OF STATIONS

. )vadg
- - N
4OMIDDY QUI4AND prel _
B CIRE, ) T «nH
_ - ==_ hyddng
S7

_ auoydooip

, JAYWSUDL] QUDIIND _N_
. ‘ . ewimy ) :
, _,_n:w__ A — f 2 :
i T oggte T
, _ uo VU]

|

[

|

|

|

“ = aiq
B
|

_

_

|

G—== _ )
T 9" A g S

7 . , v. = _
U Bur] - . EHU
/ : . N

‘May 10, 1949.
Filed June 19, 1945.

- B SYLRCOTE- R ST

?

C

JInventor

| %w Qttorney

'

" Tt 1 R

N



F. B.

HITCHCOCK .

SELECTIVE RADIO COMMUNICATION SYSTEM

2,469,555

May 10, 1949.

FOR A PLURALITY OF STATIONS

_ 4 Sheets—-Sheet 2

Filed June 19, 1945

<

daAy Buof
404 4971
SSD4-puUPg

A}

22

12
i 22 | LJ_ATAE
N _

L2

JIA1203Y OIpTY

dl

7 B Niteberit,

e

Aiddng 217

| Llrmﬂ»

ASAIDDDY JUDLAND |
WETRN: )

I

f
|
_
g |1
|
I

i

@C__ %L

|—|I|ln» |

k_uﬁ._En:s\:. uaainD

49111WSUDL | 01PDY

7S94 99G)
DUUDUY
|euo1)2241]

uo11PIC pU3 I®

pu? suoi)vig
~apishopm J2y30 oL

paToUILIIG), mtu&o&% .

o

NEINE )

d

7

i

¢
i

woi11g apishom |voidf) .N..O._ L



2,469,555

HITCHCOCK

SELECTIVE RADIO COMMUNICATION SYSTEM

B.

F.
FOR A PLURALITY OF STATIONS

May 10, 1949.

4 Sheets-Sheet 3

Filed June 19, 1945

10
£y

i
I"H“Ilb- |

m_am:n«ll
I T=

a_umm__k _

JDAI209Y 01pDY

—5

«42¥23dC pnof]

49

Al—ﬂlllxw

43 NUEUD ] OIPDY

Hﬁ/ nee

suoydo.oiy

(99 uunu.m:V: 21Uy
oy 224@
s|qnoq

"udp 3u0)

- (O102)

voryvlg urvd) |aidhL

ooy

I
e Y

=

F73.

E
SV0I]22.4)[ @1isoddp ul
) ~ sdbuvy 3M103)4]

| /o A\ !
i ! m
Bl |
|

- — T - //// \
T uonvg T~

m/W
=
&
I=3
=
3

Cittorney



2,469,555

F. B. HITCHCOCK
SELECTIVE RADIO COMMUNICATION SYSTEM

May 10, 1949.

4 Sheets-Sheet 4

FOR A PLURALITY OF STATIONS

Filed June. 19, 1945

D3y UOITPOIUNWILIOY

g\~ Y B
e . m
8 £
. Foy S0-3ybry proayivy = Y S
a1 i ey 1ua>v(py souLR)uY 01pDY N
\\\\\\ _l/////I \\\\\v_r/IIII T T T T~ _e:o_wum.:o.
o _ N _ ——~ "% 1 g~
! _ 1) | \ \" .
i - i _ s phil179 25| o5 _ //W
D R S R | 3
s e . s i e ] ® W
|3uuvyH A
_H‘_H_,muzmzi_zvm o__vsu\.mu _“H_ UOI}PIIUNULIO) _H_H_ _H_,H_ _Hu ﬁJ
_“H_lﬂzmsm_aﬁ ._u._.teblmuv _HH_ uEnQd\s _..l_..H_ _HU _H_.H_
4 - . 3 o} v -
: : oo "
o4y :O_.PSU_.CBEEOU . o@oé—& .
~—— \III/II \1///// \IIII/I. [~~~ \II/I./IM.V
M\// MN_// /l\// /lm\// - I:_\//, I./I// »..n>> Louu.ﬂ,b_m T.GQL__\GQ
0 0 | ov- ) 0V—p H) 0t oF_WJV ~<_ Quapp[py svbusjuy
\\\T\_x \\\/\A : \\/\\_q \P/Mﬁ \P/\_\ \\\“ oipvy ?:o.bum.:@
e \ - —— - - 7 -7
- e - —_— e - |
' squadinbg _ “\ ._. +_\ o “
; ) . |2uuvY)
o.quwm D . _H_H_ _HU _HU _Hu uonvaIunwwio) 2pIshvp
spuawdinkg : i T
g ] - — ] -
suov)g - m_ | a ) d |4

)9
..V .mv_“_



Patented May 10, 1949

UNITED

2,469,555

STATES PATENT OFFICE

2,469,555

SELECTIVE RADIO COMMUNICATION SYS-
TEM FOR A PLURALITY OF STATIONS

Forest B. Hitcheock, Rechester, N. Y., assignor to
General Railway Signal Company, Rochester,

N. Y.

Application June 19, 1945, Serial No. 600,359
(Cl. 256—86)

16 Claims.

1

This invention relates to train communication
systems for railroads, and more particularly per-
tains to a system for providing communication
to and from g plurality of frains and a central
office, as well as providing communication be-
tween the several trains.

In a system involving communication to and
from moving trains throughout an area under
the direction of a central office, it is expedient
to employ train carried radio fransmitting and
receiving equipments having an effective range
much less than such area, and employ a plu-
rality of wayside stations each with a similar
effective radio range and coupled with the cen-
tral office over a wayside communication channel
for transmitting messages between the central
office and each of the several trains in the area
regardless of the limited range of the radio equip-
ments. In such an organization, it will be ap-
parent that the several wayside stations will in-
clude radio transmitting and receiving equip-
ments also of a limited range comparable to the
range of the various train equipments. The way-
side communication channel interconnecting the
central office with the various wayside stations
may be of the wired current type, or any other
suitable means for communicating messages be-
tween the central office and the several stations
at the same time.

One problem involved in a communication or-
ganization of this type is, that when a given train
is communicating with the central office, all other
trains capable of likewise communicating with
that office should know that such communication
is occurring, so as not to break-in and interrupt
the message then being transmitted over the way-
side communication channel; and, since the train
communicating equipment then transmitting may
have an effective range sufficient to reach some
particular way station but not sufficient to reach
all train stations in the area, it is proposed to
provide for the retransmission of the messages
being received from any train station at a par-
ticular wayside station through the agency of
the other wayside stations to all other trains with-
in the area. This not only avoids interference
with communication between any train and the
central office, but also provides communication
between trains not within effective range of each
other through the agency of the wayside com-
munication channel.

Generally speaking, and without any attempt
to define the exact nature and scope of the pres-
ent invention, it may be stated that the radio
transmitting and receiving wayside equipment is
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disposed at locations or wayside stations spaced
approximately the effective range of each wayside
station radio equipment with a suitable overlap
to take care of variations in actual operating
range under different conditions. Thus, a train
in any position between two adjacent locations or
wayside stations is within communicating range
with one or the other and perhaps both stations.
Each wayside station preferably comprises a radio
transmitter and a radio receiver associated with
a directional antenna having such characteristics
and operated in such a manner that the trans-
mitter of one field station will have a relatively
small effect upon the receiver of the adjacent
field station for reasons which will appear here-
inafter. :

Each wayside radio receiver when supplied with
2 radio carrier frequency modulated with a par-
ticular distinctive tone which is characteristic of
transmission from a train, acts to render its own
radio transmitter inactive and repeat the message
received over the wayside communication channel

" to all other wayside stations and the central of-
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fice. The central office receives the message, and
each of the other wayside stations cause their
respective radio transmitters to retransmit such
message to all other trains of the area. While a
message is being received by the various trains
in the area, either from a wayside station or
direct from the transmitting train station, suit-
able means is operated so that the radio trans-
mitters on such trains cannot be rendered active.

A predetermined distinctive tone is transmitted
from each frain station along with the voice
message on its radio carrier frequency signal to
condition the particular wayside station equip-
ment which receives such radio carrier frequency
signal for repeating such message over the way-
side communication channel to the other wayside
stations for retransmission purposes. As soon as
such radio carrier frequency signal having the
predetermined tone thereon ceases to be received
by a wayside station, the repeat transmission over
the wayside communciation channel ceases. This
organization is provided in order to avoid a sus-
tained transmission of a carrier current over the
wayside channei by reason of feed back action due
to signal energy received by its associated radio
receiver from the radio transmitter of an adja-
cent wayside station. Thus, when communica-
tion from a train stops, the predetermined tone
frequency on its radio carrier frequency also stops,
and conditions at the receiving wayside station
for repeat transmission over the wayside com-~
munication channel will be cut-out or suppressed.
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The directional radio antenna associated with
the radio receiver and transmitter at each wayside
station is employed to assure complete coverage
of the area, and also to minimize the feed back
action between adjacent stations causing errone-
ous or false retransmission conditions.

With such a directional -arrangement in a re-
transmitting organization, it can: be seen that a

given train at any point on the railroad; when,

communicating with the central office, will cause
such communication to exist. on. all:of the.other
trains in the area, either by direct: radiation. for
trains within radio range of each, other or by
retransmission ‘of the message in case of trains
which: are out of radio range of each other.

Without such directional control, it will:be found

that there -are: certain positions where a train

might: be within range of a particular wayside:

station, and yet not be within range of another

train within the effective field pattern of such 2

particular wayside station; with the result that
there would be:in effeet a blind spot where said
another train would not know of existing com-
munication to the central office.

Thus, it may be said that one of the objects
of the present invention is. to provide g -train
communlcatlon system in which there is suitable
means to prevent interference between trains in
their communication with the central office, and
also in such a way that there are no blind spots
with respect to the intercommunication between
trains both for advising of the busy condition of
the wayside communication channel and also for
the purpose of .insuring intercommunication be-
tween trains,

Other objects, purposes and characteristic fea-
tures. of the present invention. will be: in part
obvious from: the accompanying drawings, and
in part pointed out -as the description- of the
invention progresses.

In describing the invention in detail, reference
will be made to the accompanying drawings, in

Wmch like letter reference characters provided :

w1th distinctive preceding numerals, are used for
designating corresponding parts. throughout the
several views, and in which:

Fig. 1 illustrates in a diagrammatic manner
one organization of a central office provided with
earrier current equipment for associating it with
a. carrier current communication channel be-

tween such central office and a plurality of way- .

side stations;

Pig, 2 illustrates diagrammatically a typical
wayside station having carrier current equip-
ments, associating it with the carrier current
communication channel extending from the cen-
tral office and also having its radio equipment for
communication with the moving trains;

Fig, 3 illustrates in a diagrammatic manner the
radio equipment employed at a typical train sta-
tion;

Fig. 4 illustrates in graphical form one organi-
zation of the wayside communication channel
and_the various wayside stations with their di-
rective radio antennas;

Pig. 5 illustrates in a graphical form a way-

side. communication channel interconnecting the -
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wayside stations with the central office and with -.

a .- modified arrangement of the directive -radio
antennas. for the wayside stations; and

70

Fig., 6 illustrates in a graphical manner the .

effective range and direction.of the radio equip-
ment at,a typical train station.

In, order to simplify the illustrations. in.the.

16
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drawings and facilitate in the explanation of the
fundamental characteristics of the -invention,
various parts and circuits have been shown dia-
grammatically in accordance with conventional
symbols. Arrows with associated symbols (4)
and (—) are employed to indicate connections of
the circuits of the.various relays to the opposite
terminals of a suitable source .of current for the
energization: of such relays; and the source of
current may be of any suitable characteristic for
the purpose intended. The: various: contacts of
the relays involved-in the illustrations are .shown
conventionally as being in a lower or inclined
position when the coil or winding -of the asso-
ciated relay is deenergized, and in a raised: or
horizontal position when the relay is energized;
the contacts belonging: to -any given relay are
shown connected to its coil or winding by dotted
lines, and these contacts may be either below
or above the illustration of the relay winding.
The front. and back contacts between which the
movable contacts are operated by the different re-
lays are shown conventionally as arrow heads,
and the movable contacts are ordinarily of the
type which have their contacts pulled down-
wardiy by gravity or by spring action.

The . specific. . embodiment of the : invention
chosen for the purposes of illustration :includes .
a. carrier current wayside communication sys-
tem sometimes termed: wired radio, and this com-~.
munication system or channel is of the conven-
tional type for. transmitting messages between
the central office and the plurality. of wayside
stations. ‘The carrier frequency employed for.
such wayside channel of communication may. be..
of any suitable frequency employed: for such pur~
poses and may -have its carriev frequency modu-
lated in any suitable manner for the transmit-
ting.of voice messages.

Each of the wayside and train stations has
a suitable radio transmitting and receiving equip-
ment of the conventional type operating on a
suitable carrier frequency selected for the par-
ticular use of the control area of the railroad
under consideration; and 'n this connection it
is contemplated that such frequency will ordi-
narily be in the megacycle band since the higher
frequencies are more suitable to directional an-
tenna control, although other frequencies may
be employed. For the purposes of the. present
disclosure, frequency modulation of the radio car-:
rier signals is assumed to be employed for reasons
which will be explained as the description pro-
gresses, it should be understood that the char-
acteristic principles of the present invention may:
also be applied to an  organization employing.
amplitude or phase modulation.

Since the structure and. operation of conven-
tional radio transmitters and receivers are well
understood in the art, as are also conventional .
carrier current transmitiers and receivers, no.:
attempt has been made to illustrate the various..
component parts in their entirety; and only those.-
parts have been shown which have a direct bear-: -
ing and relationship to the parts necessary:for
illustrating the characteristic features of the
organization embodying the present .invention.:
In other words, the various component parts of
such. . an  organization = comprising - oscillators;
frequency multipliers, amplifiers, modulating-and -
demodulating organizations, and the like, have
been omitted for the sake of simplicity in the dis-
closure of the novel combination constituting the
invention. = Also, various:. detailed- component-:
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parts of the conventional units may be varied
as desired without altering the operation of the
organization as a whole. It is also assumed that
the various sources of energization for supply-
ing potential to the plate circuits, for biasing
the vacuum tube grids, for effecting the energiza~
tion of vacuum tube heaters, and the like, may
be provided in any of the conventional and well
known ways; and certain sources for the plate
circuits have been shown only in those cases
where it is believed expedient to indicate such
sources as being selectively applied to better indi-
cate the conditions under which the invention
is intended to operate.

GENERAL ORGANIZATION

The extent of the communication area to which
the present invention is applied may be deter-
mined in any desired manner depending upon
the operating characteristics of the particular
railroad involved. Such an area, for example
may be a traffic dispatching division, a locomotive
division, or any other arbitrary section of terri-
tory of the railroad throughout which com-
munication is desired between a central office
and the trains in that area. For convenience
in the disclosure of the inventicn, it is assumed
that the central communication office CO in
Fig. 4 is connected with a plurality of the wayside
stations A, B, C, D, efe. by a carrier curremnt
system. Such system involves the use of line
wires, such as the line wires | and 2 extending
throughout the control area as indicated in Figs.
1 and 2 when placed end to end. This line cir-
cuit may be used for various other services with-
out interference with the carrier current sys-
tem, or may be a line circuit used wholly for
the wayside communication channel. In any
event, the line circuit should be suitably ter-
minated at each end so as to provide the proper
electrical characteristics for such a system.
Such a termination is indicated at 3 in Fig, 1.

The carrier current equipment at the central
offiice CO (see Fig. 1) and at the various way
stations A, B, C, D, etc. (see Fig. 2) is induc-
tively connected to the line circuit through suit-
able coupling transformers 4 and blocking con-
densers 5, so as to suitably protect the carrier
current eguipments from the other services on
the line circuit and also from lightning surges
and the like.

Central office apparatus

Referring to Fig. 1, it will be noted that a suit-
able carrier current receiver is connected in-
ductively through its line coupling transformer
4 and is normally rendered active by reason of
the connection of its plate supply through back
contact 6 of the transmit relay T. Thus, any
carrier current signal imposed upon the line cir-
cuit will be received and the message modulat-
ing such carrier current signal will be repro-
duced by the associated Iloudspeaker. Asso-
ciated with the carrier receiver is a suitable car-
rier responsive relay CR which is normally de-
energized but is so related to the receiver that
it is energized and picks up its contacts whenever
a carrier current signal is received over the
line circuit regardless of whether such signal is
modulated with a message or not.

The central office also includes a carrier cur-
rent transmitter inductively coupled to the line
circuit through the line coupling transformer 4,
and this carrier current transmitter is normally
inactive. However, the carrier current trans-
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6

mitter can be set into operation, provided no
carrier signal is being received by its associated
receiver as indicated by the indicator lamp BK,
by merely actuating the self-restoring push but-
ton PB. More specifically, the actuation of the
button PB closes the circuit for relay T from
(4> and including back contact 7 of relay CR,
push button PB in an actuated position, windings
of relay 'T to (—). The picking up of the relay
T opens back contact § to render the associated
carrier current receiver inactive, and to close
front contact 6 to render the carrier current
transmitter active. With the carrier current
transmitter active, speaking into the micro-
phone will cause the transmission of a suitable
message by the modulation of the carrier. It is,
of course, apparent that the operator must hold
the button PB actuated throughout the trans-
mission of a message.

In the event that a message is being received,
it is apparent that front contact T of the carrier
responsive relay CR will be closed thus energiz-
ing the busy indicator BK so that the operator
is advised against endeavouring to fransmit a
message. But in the event that he should inad-
visedly actuate the button PB, it cannot energize
the relay T under such circumstances since the
back contact 7 is open.

Typical wayside station apparatus

Each wayside station includes a suitable carrier
current receiver inductively coupled to the line
circuit through its line coupling transformer 4,
and is normally rendered active by reason. of

5 the connection of its plate supply of energy

through back contact 20 of tone responsive relay
TR,

A suitable carrier responsive relay 2CR is con-
nected to the associated carrier current receiver
so as to be energized and pick up its contacts
wherever a carrier current signal is received
under the line circuit regardless of whether such
signal is modulated with a message or not. The
closure of front contact 21 of relay 2CR con-
nects (1), through back contact 22 of the tone
responsive relay 2TR to the transmit relay 2T
thus causing the associated radio transmitter to
be connected to its associated antenna through
front confact 28 and to be rendered active by
the connection of its plate supply through front
contact 24. Since the carrier current receiver
is directly connected to the radio transmitter
through connection 25, any message received by
the carrier current receiver is repeated by the
associated radio transmitter,

Fach wayside station includes a suitable radio
receiver which is normally connected to the an-
tenna through back contact 23 of relay 2T; and
is normally rendered active for the reception of
radio frequency signals modulated with any de-
sired messages by reason of the fact that its plate
supply is normally connected through back con-
tact 24 of relay 2T. Associated with this radio
receiver is a suitable band-pass filter 26 for pass-

5 ing the frequency of the tone carried by the radio

freguency signals transmitted from any train sta-
tion. For the purposes of definiteness in the dis-
closure this frequency is preferably of a super-
sonic frequency such as 20 kilocycles, but may
be of any suitable selected frequency. The output
of the band-pass filter 26 is supplied to the tone
responsive relay TR through a full wave rectifier
unit 2%.

Whenever the tone responsive relay 2TR is
picked up due to the reception of a radio carrier
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frequency -:signal. having superimposed::thereon::
the particular selected:tone, the opening of back.

contact 22:prevents.the. inadvertent. energization:

of-relay.:2T, while the opening of back contact 20

disconnects . the..plate supply from the carrier.
current receiver .and:.connects. it ‘to.the carrier.

current..transmitter..so as to.render it .active to
repest: ‘the, messages:. received. by . the .assoeiated
radio receiver.. This repeater connection.is indi-
cated in-the drawing of Fig. 2 by the wire 28, but
it::is:to che . understood: that. any: suitable means
requiredfor.repeating such messages.may be em-
ployed;:and:especially is.preferable that.the out-
put-of the radioireceiver include filter means for
preventing: the:distinetive .tone transmitted: by
the train: stations from:being repeated over the
connection.: 28;:to- the. associated :carrier :current
transmitter.

The carrier current transmitter is:.of any con-
ventional type.and transmits suitable carrier cur-

rent:.signals which are modulated in accordance .

withithe messages received by the associated radio
receiver.:. It is assumed. that the carrier current
transmitters and receivers .at the central office
and.at each.of..the wayside stations operate on
the:.same frequency; and similarly, it is also as-
sumed.that :the . radio transmitters and receivers
at each of the wayside stations and: the train
stations also.operate on the same radio frequency.

As will be noted by the legend associated with
the.antenna-of Pig. 2, such antenna is.intended
to-be zof a.suitable directional: type. giving an
effective.radio.field as shown in Figs. 4 .and:5.

The :direetional: features. . will i be. discussed  in.
greater: detail. in.connection: with the. discussion.

of :the directional. characteristics. of -the system
of the present invention.

Typical train statiion
With.reference to. Fig: 3, a typical train station
isidllusirated each including:.a radio receiver and

a.radio-transmitter both of:the conventional type.
The.radio; receiver :has associated::therewith a

suitable;loudspesker and-:is. normally rendered. .

active for.the reception.of radio frequency signals

by .reason of-the:connection: of its plate supply.

through: back:contact 30 of transmit; relay 3T,

and:by. reason;of the connection of the antenna .

to such-radio-receiver through back:contact 31
of transmit relay 3T..
Whenever::the radio: receiver receives a radio

carrier: frequency signal, the relay 3CR s caused

to . be energized picking . up: its front;.contact 32
andienergizing: the.busy lamp 3BK: This carrier
responsive relay 3CRg: picks: up -regardless. of
whether the carrier signal received. is. modulated
with a.message. or not. The opening of back
contact, 232 prevents the operation of the self-
restoring push button 3PB- from energizing the
transmit, relay 3T. In this way, whenever . the

train-station is receiving a radio.carrier frequency -

signal,: such;.a station is prevented from: infer-
rupting such reception even though the push-to-
talk:button 3PBis :actuated. However, when no
radio carrier freguency signal is being received, the
actuation: of the push-to-talk. button- 3PB -closes
a.circuit including back contact 32 of relay 3CR
to.energize relay 3T which when picked up ren-
ders;:the. associated: radio receiver -inactive and
renders the asscciated. transmitter active by the
closureof .front contact 30-to connect the plate
supply.to.the radio fransmitter-and:by the closure
of front contact 3! connecting the directional
antenna. In-this connection, further description
ofsdirectional charagteristics of the .anfenna will

[
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8 )
be: considered:in connection:with-the disclosures::
of Fig. 6..

Whenever. the.: radio. transmitter. isirrendered.
active, it has an associated tone: generator: which:;
cauzes the radio.carrier.frequency signal.to. be;;
modulated in.accordance: . with -such: distinctive::
tone.. This . tone .is .impressed:jupon;the radio.;
frequency regardless of whether: the operator is.;
speaking into. the .associated -microphone-or:not;:.
The tone generator is:preferably of the type which:;
produces a supersonic tone.that. does not:inter-
fere with.the efficient and .proper: communication.;:
of voice messages.

It is believed that the nature of the invention,
its advantages. and characteristic features can
be best understcod with further description being
set- forth: from the standpoint -of- operation:and
functioning of the-system.

OPERATION,

Referring:to. Fig. 4,.a graphic representation:;
of the system organization:shows a.central:office
CO at.the left hand end of a wayside:communica« .,
tion channel represented by -a-.single line: as;conm.
necting the central office CO-with a ‘pluraht
wayside stations A, B;C,; D, E:and F; but ihiis to,
be .understood that - the. central. office, may“be,‘
located. at "any point.ialong . the, communication
channel-or at the right-hand end. The. wayside:
stations A, B, C, etec. are: distributed throughout :
the communication: area along-the right-of-way. .
of ‘a.railroad.; This right-of~sway. probably will.
not:be .in g straight line, but -will; include curyes:-
of different. degrees, but, this is.not. material:to;
the present invention, since.each;station has. asso- .
ciated therewith: a . directional radio.antenna 40,
which has its field directed to cover that portion..
of :the railroad: right-of-way . extending .to. the-
next-adjacent wayside station.. )

These directional.radio antennas.40. may.be.of,
any..suitable type using .corner.: reﬁectors, para-.-
holic reflectors, or-similar, reﬂectors On the other 3
hand, if it appears advantageous.antenna.arrays
may be employed., The particular manner.in,,
which the antennas 88 are made directional.is
not material to the practice.of the present. invens..
tion; but it is to be understood;that the particular,,
means employed.must, provide a.substantial.ratio;,
of. direetivity -so that: the -major:. portmn of.-the..
radiation. of the antenna, wﬂl extend toward:the
next adjacent station. Such ratio of. d1rect1v1ty
may be in the order of one‘hundred,to one, or it
may even be more efficient under certain circum-
stances.

In Fig. 4, the field patterns.of; the antennas..
40.are.indicated by dotted lines: 4 :which repre-:.
sent.the points.of equal:radio fleld: or:signal:
strength with respect to their respective antennas.;
These. field representations. 41 have . not: been.,
drawn.to, show the. actual. characteristics-of some..
particular. type of antenna but.have been; drawn..
merely: to_show that antenna beams its. radiay.
tions.in a.particular general d1rect10n and with
an over-lap, with respect. to the. next; adJacent
station.. In.this way, the: ral‘lr‘oa,d“rlght-ofr-‘w;\,y'
is adequately covered with:a: beam of radio.fre-..
quency signal throughout 1ts length whenever all-
of the stations are rendered. active, for, the trans-
mission of a message.at, the same-: tlme

With the effective radio.field of, ea.ch antenna.,
overlapping with, the eﬁ‘ectwe radlo ﬁeld of the
next adJacent station, it will, be(apparent that
there will; be-a:point-in the overlappmg portions,
of .the. fields which, will represent.equal., ﬂeld in- .
tensities of. both statlons The partlcular location,

oF
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of this point of equal field intensity ‘is probably
not the same from time to time due to the various
electrical phenomena characteristic fo changes in
atmospheric conditions; but in any event with
the proper spacing of stations and selection of
field strengths for the various stations, it will be
possible to obtain a change from the point of
equal field intensity to a point where the closest
station predominates by a substantial percentage
within a relatively short distance. The distance
between the two points at which one signal is
twice as strong as the other located on opposite
sides of the egual strength signal point, may be
conveniently termed the “fringe zone” of recep-
tion for reasons presently to be explained.

It is well understood that a radio receiver of
the frequency modulation type is capable of
maintaining reception of that station which has
the highest signal strength to the exclusion of
other stations of lesser strength on the same car-
rier frequency channel. In other words, when
two stations operating on the same frequency are
received at the same time by a receiver, that sta-
tion which has the higher signal strength is the
one which is received in preference to the other.
This selectivity characteristic usually operates to
a, marked degree whenever the signal strength
for the two transmitting stations is of a ratio
of two to one, but will still be somewhat effective
upon even smaller ratios. Thus, it will be ap-
preciated that the passage of a train station from
the effective radio field of one wayside station
to another will receive one station in preference
to the other on each side of the point of equal
intensity of the two stations. This selectivity of
reception is maintained except in passing through
the point of equal radio signal intensities, where
there is little or no selectivity between the signals,
Under such conditions of reception, there are
two types of interference in receiving when two
transmitting stations are using the same fre-
quency channel.

One type of interference is termed cross-talk,
where the voice modulations of both signals are
reproduced. This type of radio interference will
not be objectionable in the present invention,
since both stations transmit the same voice mes~
sage and the two modulations of the two different
signals will combine to give a single audio re-
production because there will be no substantial
time lag in the retransmission operation.

Another type of interference present in re-
ceiving two substantially egqual radio signals on
the same frequency channel involves the produc-
“tion of a beat note in accordance with the differ-
ence in the instantaneous frequency deviation of
the two carrier signals. When the frequency
swings of the beat note are large, this heat note
condition is not audible. Thus, this type of in-
terference will have substantially no adverse ef-
fect on the reception of messages in the present
organization, because all stations are oberating
on the same basic frequency to transmit the same
message. In other words, the frequency deviation
can be kept small between any two adjacent sta-
tions hy maintaining the basic frequency of the
transmitters fairly constant and substantially the
same, which taken in connection with the fact
that the modulating audio frequencies cause vari-
ations in carrier frequency of the two signals to
substantially the same extent for both stations
because of the identity of the message, will cause
the instantaneous frequency deviation for the
two carrier signals to remain small. This of
course maintains the frequency swing of the beat
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note condition rather large, so that it will not
interfere with the reception of a message, even
though such message is being received from two
stations simultaneously. Thus, for all practical
purposes the passage of a train station from the
effective range of radio field of one wayside sta-
tion into the effective range or radio field of
another wayside station will not be detectable
in the continuity of message reception.

In this connection, it should be noted that the
directional radio antennas 40 for the wayside sta-
tions are all direciing their radio beams in the
same direction to provide minimum length fringe
zones in the overlapping portions of the wayside
station ranges. The reason for this is because
the present invention takes advantage of the
characteristics of attenuation of radio signals.
For practical purposes the attenuation of a radio
signal may be considered as varying inversely
with the cube of the distance away from the
transmitter. Thus, the forward signal of a way-
side station produces an attenuation curve of
signal strength having a rather steep slope near
the station which drops off to a rather flat por-
tion as the signal approaches zero at a distance
from the station. This is of course also true with
respect to the relatively small back-signal in the
rear of the directional antenna. In considering
two adjacent stations, it will be appreciated that
the back-signal curve is shorter than the for-
ward-signal curve, and that the forward-signal
curve at its rather flat portion will cross the back-
signal curve at a rather steep portion so that
the “fringe zone” is relatively short compared
to what it would be if directional antennas were
not employed. It should also be noted that this
fringe zone is reduced to substantially zeroc the
more nearly perfect the directivity of the an-
tenna. Thus, the present invention not only ob-
viates the difficulties involved in Using a common
frequency channel for plurality of radio stations
but also organizes the arrangement of stations to
minimize the conditions under which adverse con-
ditions originate.

For the above reasons, the railroad right-of-
way is adequately covered with a field of radio
signal so that a train station will receive a radio
frequency signal regardless of its location on the
railroad, and will receive a suitable signal for
continuous reception of a message in passing over
the railroad in either direction when all wayside
stations are transmitting.

The train station antenna 60 is arranged to
have its effective field directed both in advance of
the train and to the rear of the train as indicated
in Pig. 6 of the accompanying drawings, so that
the direction of train movement does not affect
reception. The effective ranges or radio fields
of the train station are indicated by the dotted
lines 81, and the extent of each range substan-
tially corresponds to the range of the wayside
stations of Figs. 4 and 5. It should be understood
that the train stations may have omni-direc-
tional antennas, but since g train is always trav-
eling along the right-cf-way in one direction or
the other, it is only necessary that such train
station receive signals either from the rear or in
advance. For this reason, the efficiency of the
train station antennas may be increased by
making them directional in some suitable man-
ner, such as explained for the wayside antennas.

Central office transmits to trains

Let us assume that the operator in the central
office. actuates the push-to-talk button PB and
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“ehergizes the transmit velay’ T (se¢ Fig. 1). :This  “resultsin the reproduction inithe assoeiated loud-
“reénders’the' associated carrier current sctive,:so  -speaker of the message 'transmitted by:the train,
“that ‘when-the operator speaks into the associated tAtieach of the other wayside stations, the'radio
~microphone,‘the carrier currént signal is:modu- ' receivers:have failed -to receive the radio earrier
tlated- in- accordance’ with ‘the ifrequency of ‘the .5 . frequiericy: signal: from: thetrain station then
“wvoice' message.  This'modulated -carrier‘current  “transmitting ‘because: they.are not .within the
~is "transmitied -over “the ‘wayside c’ommunication veffective rangeof such -train station. " Thus; the
~ichannel to-each: of ‘the wayside 'stations ' A; B, C, ‘irecepiion of the carrier-current isignal at such
D, E and'F-shown in Fig: 4, which: wayside sta- “stations, results in the energization of the asso-
~tions are typically illustrated:in Fig! 2. 110 ciated :carrier responsive relay, such as relay 2CR,
""The‘reception of the modulated carrier current “which in turnirenders active the associated radio
~at egch wayside station‘causes its-associated car-  trarsmitter by energizing the: associated trans-
“irier‘current receiver:-to effect the energization of  “mit relay. ~Thus, the message modulating the
“its: carrier responsive relay, such ‘as relay 2T. -icarrier current::signal is: repeated. through-the
“THus; at edch wayside station the associated radioi 15 connection: 25 and ‘causes ‘the associated radio
“transmitter-is'rendered active, and the radiofre- ‘itransmiitteritotransmit the:same message. Thus,
~quency ‘signal radiated from the directional an- ralliofsthe wayside stations; except the station B,
“tenna of such'station is modulated in accordance ~rétransmit ithe message “originally -transmiitted
“with'the atdio modulations received by the as- .‘.from:gtrain station within the effective range
“.sociated carrier current receiver over the wayside g~ of station-B. : It .will:be: apparent that any train
~eommunication connection:between stations. swithinthe range of’ theé:wayside station B, will
Since each 'wayside'Station of ‘the communica- z2lsorbeiwithin range of ‘the transmitting train
~tion: area ‘transmits’the message originating at - :station; sorthat itrwill receive the message direct,
~'the -¢entral ‘6ffice; "stch ‘message will- be received  ~ while ‘each rtrain out of ;the range of ‘such trans-
“'at edch train- station-in the communication: area: o5 mitting train: station, but’-within range of some
iregardless of'its ‘particularlocation. ' ‘Referring i particular wayside:'station, will receive the mies-
“ito Fig. 3 as a tybical examble, such train station “sagefromosuch: particular-wayside station. - The
“igill 'réceive a radio carrier frequency signal mod-  ireception of a'wradio carrier frequency signal at

+ilated inraccordance with the message, and this  “"any-train-station, regardless-of whether the mes-
thessage  will ‘be ‘reproduced by the associated.yg ‘sage originates at'the central office or some other
Jolidspéaker.. At‘the samé time, the presence of ~irainistation, effects the-picking up-of:its asso~
~'the rddio carrier frequeticy ‘signal will éffect the  ~ciated scarrier :respénsive” relay,” such as relay
‘erergization of ‘the 'associgted carrier responsive - - "3CR;so:that:such: train:station' cannot initiate
“relay,ssuch-as relay 3CR, and’éffect ‘the ener- soperation:of-its associated radio-transmitter, and
~gization of the’ associated busy indicator such asigsthus dannot-intérrupt the communication of any
’:%mmp‘.ngK»’ ‘iwhile at'the same time rendering the “particular-train’ station” with -the central-office,
r‘gssociated - ipush-to-talk ‘button’ such ‘as button . norithe.communication -between the central office

~13PB ineffective. “Beécause this action takes place ~and all train stations in the area.

-t alFtheé train stations, they aré‘locked-out, so to -+ Inthis eonnection; it :should be noted that the

t.speak and cannot -intérrupt ‘the message being:4o-transmit relay at each wayside station, -such as

“ grarsmitted from the¢central office. irelay-2T of Fig. 2 when energized by the recep-
“¥or 'the ‘redsons:'explained: above, edch’ train tion of a carrier current signal, renders the asso-

~igtation’ Wwill coritinue’“to receive its message re- ~ciated: radio-receiver:;inactive, so- that if some
gardless of its location, and as’ it Tioves alohg ~trainstationshould fail to-properly receive a ra-
~ithe'railrodd right-of-way from the 'éffective radio 5 dio carrier frequency signal and should endeavour
wifigld ‘of one *wayside istation’ into ‘the effective  /to'transmit-to a waysidé station, such: erroneotus
radio’ field-of a- different ‘wayside station. -~stransmission: could not be received and effect the
gy N ‘ “interruption:of the message already on the way-
A train transmits to central office ~sside 'ecommunication channel. In other words,
i-Lietius: assume that. a-train’ station is-located:i0 there in-an effectiveinterlock at.the wayside sta-

»'within theeffective range of a particular wayside tions preventing interruption of a message being
station, such as station B'for ‘example of-Fig. 4, -:transmitted -over: the wayside communication
~’butnot: within 'range-of ‘station C. *When 'this :“channel; even though the Gther train stations are

wtrainistation 'actuates: the 'push-=to-talk button  -:notractually prevented from transmitting. ~ How-
’:33B;the'- associated radio’transmitter‘is"rendered 55 “ever, under:normal operation ‘of the system it is
ractive rand  the ‘radio carrier freéquency:signal -.contemplated thatthe interlock will be extended

~radiated fromisuch- train’station ‘is*modulated - to the various train stations in such a way as to
»iboth with the:distinctive' tone created by its as- ::indicate to'such stations that they cannot trans-
»sociated’ tone:generator,nand” also by the fre- .mitibecause the wayside communication channel
-rguency of the voice message spoKerinto the asso-..q, is busy.
‘ciated microphone. - This radiated radio carrier It is contemplated that a train station will gen-
“frequency signalis received-by the wayside sta- . grally initiate transrmission while within range of
~tion-B; and referring to Fig. 2, it will 'be appre- ' only a single wayside station, and while carrying
~eiated ithat: the radio réceiver "at 'such  wayside onits transmission-will proceed within the range
‘estation effects:the energization of ifs tone respon-ig5 of that’station and perhaps enter the range of
“isive relay 2TR whichr in turn renders:the asso- ' another wiyside station. Since the ranges of the
.ciated carrier. current transmitter active so that - gdjacent stations overlap, the wayside station ini-
rthe:connection 28 will-cause-such carrier current tially receiving. a carrier frequency signal from a
~transmitter to repeat the voice message received. “trainsstation’ will ¢ontinue to receive that signal
eTpe carrier. current-signal :imposed. upon the line :yg:and: fepeat the message onto the wayside com-
»wires |- and. 2, conveniently termed the wayside  :munication channel, so that: the station into the
communication channel, is transmitted to the rangeiof which the train:station has just entered
_central office’ CO and to each of the other way-  ~iwill contihue to retransmit the message until the
~side~stations: A, C,D,»E and' F, *At:the ventral - wayside station iniitially receiving the message has

“gffice- the reception of ‘the: carrier current signal 75 becomie out:of range:of the train station. = Thus,
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should a message from the frain station continue
even after wholly leaving the range of the receiv-
ing wayside station, the wayside station now in-
cluding the train station then beging to receive the
train station radio frequency carrier signal and
repeat the message into the wayside communica-
tion channel, there being but a slight interruption
of the message such as involving the drop away
times of a tone responsive relay TR and g carrier
relay CR together with the pick up of 2 fone re-
sponsive relay at the station next to transmit.
Such an interruption or lapse of time would of
course hardly be appreciable since such relays
operate in fractions of a second.

Referring to the illustration of Fig, 4, it should
be appreciated that the wayside station ranges or
radio fields have not been drawn to scale, so that
it may be well to point out that the overlapping
portion between the radio fields of two adjacent
stations is s relatively short distance compared to
the distance between stations. For this reason,
it is contemplated that a train station will ordi-
narily initiate its transmission while within range
of only a single wayside station, but it may hap-
pen that a train station will initiate transmission
while within range of two wayside stations. In
such an event, both wayside stations receive the
message and act to repeat it onto the wayside
communication channel. However, this causes
no adverse effect in the transmission of the mes-
sage to the central office, since the carvier cur-
rent transmitters operate on the same basic ire-
quency and may be of the type which have oscil-
lators of the lock-in type tending to maintain
the same frequency of the carrier current at both
stations and thus cause a proper transmission of
the message to the central office because both
stations are transmitting the same message.

When all of the wayside stations are trans-
mitting in the case where the message originates
at the central office, it will be apparent that the
radio receivers at all stations are rendered in-
active because of the energized conditions of the
transmit relays at such stations (see Fig. 2).
Under the conditions where a train station is
transmitting to a particular wayside station and
the other wayside stations are retransmitting the
message, it will be apparent that the reason why
the wayside station receives the radio carrier ire-
quency signal from the train station for prefer-
ence to the wayside station to the left is because
the wayside stations are provided with the di-
rectional antennas 40. In other words, it is con~
templated that the directional antennas 49 are
not affected by transmission of radio carrier fre-
quency signals from the station next in the rear
of such directional antenna in spite of the fact
that its effective radio field overlaps with such
station,

However, under the conditions where a par-
ticular wayside station is receiving from a train
station and the other wayside stations are re-
transmitting the message, it might be possible
due to radio reflections or the like, that upon
the cessation of the transmission from the train
station to the particular wayside station then re-
ceiving there might be sufficient hangover trans-
mission from some wayside stations as to be re-
ceived by such particular wayside station. The

_hangover transmission after the cessation of a
train station is due to the resonant circuits em-
ployed and the time delay in relay operations,
but such hangover transmission would oceur for
only a few micro-seconds. If such hangover
transmission should be received by a wayside sta-
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tion just having received a message from & train
station, there would be what might be termed a
feed back condition through the medium of the
wayside communication channel if it were not
for the provision of the present invention,

This is prevented in accordance with the pres-
ent invention since a wayside station cannot re-
peal a message into the wayside communication
channel unless the received radio carrier signal is
accompanied by a particular distinctive tone.
Thus, any feed back action is obviated in accord-
ance with the present invention,

Referring to Fig. 5 of the accompanying draw-
ings a rearrangement of the wayside stations
within the communication area has been shown.
It will be seen that the directional antenna 59 of
the wayside station A is transmitting ifs beam
toward the right while the directional antenna
5{ of the wayside station B is transmitting its
beam toward the left. Thus, the two beams may
meat at 2 point 52 representing equal signal in-
tensities.

The radio beams from antennas 50 at &f are
ingicated by the dotted lines 53 and 54 respec-
tively. Although the extent of range of such
radio stations has not been shown, it is intended
that the ranges of these stations will be sub-
stantially the same as shown in connection with
Fig. 4 and cf course comparable to the range of
the train stations, as indicated in Fig. 6.

I will be apparent that this arrangement of
directional antennas shown in Fig. 5, also pro-
vides complete coverage of the railroad right-of-
way with a radic field when all of the wayside
stabions are transmitting a message originating

ror the central office CO. The traveling of a
train from the range of station A to the range of
station B will of course cause such train station
to pass through what has conveniently been
termed a fringe zone of signal intensities and
including an intermediate portion in which the
signals from stations A and B for example will
be of equal intensity and conftribute towards the
reception of the message from the central office
CO for reascns described above in connection
with the consideration of Fig. 4. It should also
be pointed out that similar conditions exist be-
tween the back-signals of two adjacent antennas,
such as antennas 5¢ and 5§ of stations B and C.
In any event, when transmission is taking place
with the message criginating in the central office,
all train stations within the communication area
receive the message substantially continuously
without interruption as the trains pass from the
effective radio fields or ranges of successive sta-
tions along the railroad right-cf-way. When all
of the wayside stations are transmifting a mes-
sage originating in the central office, no train sta-
tion can initiate a message because its transmit
relay cannot be energized by the push-to-talk
butitcn 3IPB when the carrier responsive relay
3CR is picked up (see Fig. 3).

The only difference in this Pig. 5 is the rear-
rangement of the directional antennas of alter-
nate stations and the spacing of the wayside sta-
tions. Thus, the characteristic features of the
wayside stations and the train stations are the
same as described in connection with the pre-
ceding Pig. 4. More particularly, while a train
station is transmitting to some wayside station,
every other train station is prevented from initi-
ating transmission, since such other train sta-
tions either receive the message direct from the
train station transmitting, or by the way of re-
transmission of the message through the wayside
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sicommutiication channel;: as explained in connec-
“tion-with Fig. 4.
i More-specifically;-when a train station trans-
“mits ‘within ‘the range of station A for exampic
(see Fig. b),the message is received at station A
-and repeated into the ~wayside communication
~channel which results in the retransmission of
::such ‘message from all of the remaining wayside
“stations B, C, D, E and F. Thus, a {rain station
‘may communicate with the central office as well
-agwith’all train stations within the communi~
cation area. In the event that a train station
~initiates its transmission within the overlapping
- portion of the effective fields of two adjacent
‘wayside stations, such as wayside station A and
B, both wayside stations will receive the train
- transmitted radio signal and repeat its message
- into the wayside communication channel in the
same manner as explained in connection with
+Fig. 4, since the carrier current apparatus is con-
-sidered to be of the type having the same fre-
quency characteristics, and may have oscillators
~which lock-into synchronism with each other.
This results in the reception of the message at
.the central office and the retransmission of the
“message from the other wayside stations.

When a train initiates transmission of a mes-
‘sage while within the range of one wayside sta-
tion, such as wayside station A, and then moves
into range of wayside station B, the wayside sta-

“tion B continues its retransmission until the train
~-has moved out of range of the wayside station A,
since the retransmission operation at station B
prevents any reception of a radio frequency car-
rier signal at that station. A similar action
-occurs should g train station initiate transmis-
sion within the range of wayside station B and
then travel into the range of wayside station C.
It is thus apparent that a train station may com-
municate with the central office cr any. other
train station witheut any substantial interrupticn
as it proceeds along the railroad right-of-way.

In this Fig. 5 organization of the wayside sta-

tions within the communication area, it will be
- apparent that should a train station be trans-
mitting to station A for example, the retrans-
mission of such message from the station B is
directed toward the station A, ‘But since'the train
station is closer to the wayside station A than is
the wayside station B, its radio carrier frequency
signal will be the stronger and will be received by
‘wayside station A in preference to the signal from
wayside station B. This is of course due to the
characteristics of a frequency modulation type of
radio receiver as previously discussed. Upon the
cessation of the transmission from the train sta-
tion, the station B might continue its transmis-
sion of a radio carrier frequency signal for a few
' micro-seconds, or what may be termed a hang-
- over time, due to the characteristics of oscillatory
--or tuned circuits and the release time of certain
relays. If such hangover radiation should be
Teceived by the station A, it would cause the way-
side communication channel to maintain wayside
. station B active which would cause a continued
circulatory feed-back action between the stations
-A and B, for example, Such a feed-back condi-
tion cannot occur in connection with the present
:invention, since the presence of a distinctive tone
-is~required upon the reception of a radio signal
in order: for the repeat operation of a wayside
station to take place.  For this reason, the ces-
sation of - transmission -of a radio carrier fre-
quency. signal from a.train station-immediately

srenders :the-associated - wayside -station then re-.
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~ceiving ineffective for reception from:any other
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source not transmitting: the distinctive tone.

. Thus, the: present:: invention :provides a com-
munication system between trains and at a‘cen-
tral office ‘as wellvas between the trains them-
selves - although out of range with each. other,

through the medium-of-what -has -conveniently

been termed: retransmission of the train ‘mes-
sage. The  present -invention has been more
particularly described as a communication system
used in connection-with railroads-for transmit-

-ting :messages: between trains and the-like, but

it-is - to be understood:that the invention may be
adaptable for other-uses such as in a communi-
cation system for automobile traffic along high-

- ways, or in a-communication system for air traf-
- fic over-the airways of an area.
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‘Having -described a communication system-and
the various characteristic features thereof .as
embodying the  present invention, it.is-desired

to be understood that -this form is selected to

facilitate in the disclosure of the invention rather
than to limit the number of forms which it may
assume;- and, it is to-be -further understood .that
various modifications, - adaptations and. altera-
tions may be made to the specific form shown
to meet the requirements of practice, without
in any manner -departing from the spirit or .scope
of the present invention.

‘What Iclaim is:

1. In a two~way. train-communication .system
of the space radiation type for railroads provid-
ing for communication fto and. from. a. central
office and any one of.a number of trains in.a
communication area, .said . system -comprising,
radio transmitting and receiving means on each
train manually -eontrollable only. if no signal. is
being received.to send out a carrier frequency
modulated with a message and also. a predeter-

40 mined tone frequency, a plurality of way stations

45

50

55

60

70

75

each including a transmitter and receiver and
spaced along the railroad.to be within range of
a train in-any location. in. the communication
area, means including a communication connec-
tion- between .said way stations and responsive
to the reception from a train on the carrier fre-
quency modulated with said predetermined tone
frequency at any .given way station for rendering
the transmitters for all other way stations effec-
tive to send out a signal to all other trains,
thereby preventing manual control of the radio
transmitters on such other trains to cause trans-
mission and interfere with the transmission of
such message.

2. In a system of communication between' a
central office and a plurality. of mobile units
traveling through a communication area, a plu-
rality of wayside stations in the communica-
tion area each provided with a radio receiver and
a carrier current wayside transmitter, -means
constituting a communication channel between
said way stations and said central office for ef-
fecting the transmission of a carrier current
signal in response to & message received at any
way station and repeated by its wayside carrier
current transmitter as received by its associated
radio receiver, a radio transmitter on each mobile
unit having. a limited range less than the extent
of the communication area but effective to trans-
mit messages to the radio receiver of the-near-
est wayside station, and means associated with
each wayside station responsive to the reception
of a carrier current signal received over the way-
side .communication. channel from some" other
wayside .station for.preventing any mobile unit
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from transmitting to that way station, whereby
the initiation of communication with the cen-
tral office by any mobile unit via a particular
way station in the communication area prevents
break-in by any other mobile units within range
of the other way stations. ‘

3. In a system of communication between a
central office and a plurality of mobile units
traveling through a communication area, a plu-
rality of wayside stations distributed throughout
said communication area, means constituting a
communication channel between said wayside
stations and said central office and between each
wayside station and every other wayside station,
equipment at each wayside station capable of
receiving radio messages and repesting such
messages over said wayside communication chan-
nel to the control office and each of the other
stations, & plurality of mobile units each pro-
vided with radio transmitting eguipment of a
limited range less than the extent of the com-
munication area but of sufficient range to always
reach the nearest wayside station, and means at
each wayside station responsive to a message on
said wayside communication channel to prevent
its associated equipment from receiving radio
messages for repeat transmission over said way-
side communication channel, whereby any
mobhile unit can cormmunicate with the central
office over the wayside communication channel
without interference from other mohile units
within range of cther wayside stations.

4, Tn 2 system of communication between a
central office and a plurality of mcbile units

traveling through a selected area, a plurality of- .

wayside stations distributed through said area
and each having a radio transmitter of limited
range operable to radiate a directional radio
beam to cover the distance between it and the
next adjacent station in one direction but not
the other, said radio transmitters being of the
frequency modulation type and all such trans-
mitters being operable on the same radio fre-
quency channel, a wayside communication sys-

tem for transmitting a message from the central 4

office to all wayside stations and acting at such
stations to cause the radio transmitters to repeat
such message, and a plurality of mobile units each
provided with a radio receiver of the frequency
modulation type having means adapted to selec-
tively receive the stronger of two radio signals,
whereby each mobile unit can receive a message
from said central office without substantial in-
terruption as it travels into and out of range with
the successive wayside station.

5. In a system of communication between a
plurality of mobile units traveling throush a
communication area, a plurality of wayside sta-
tions distributed through said ccmmunication
area, radio transmitting and receiving equipment
at each wayside station having a directional an-
tenna for directing its field of radiation and re-
sponse toward the next adjacent station in one
direction but not the other, and each station
having an effective range extending to at least
the next adjacent station in said one direction,
a, plurality of mobile units each provided with
radio iransmitting and receiving equipment of
limited range corresponding to said wayside sta-
tions whereby each mobile unit is always with-
in range of at least one wayside station regard-
less of its position in the area, and a wayside
communication channel connecting said wayside
stations for repeating any message received by
the radio receiving equipment at any given way-
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side station from a ‘mobile tnit within its range
to cause the radio transmitting equipment at the
remaining wayside stations to retransmit such
message for comimunication to the mobile units
within range of the respective wayside stations,
whereby each mobile unit can communicate with
every other mobile unit in the area regardless of

its limited range.

6. In a system of communication between a
plurality of mobile uUnits traveling through a
communication area, a plurality of wayside sta-
tions distributed through said area, radio trans-
mitting and receiving equipment at each way-
side station, said radio equipment havihg a
limited effective range but which is sufficient to
cover the distance from its station to the effec-
tive range of the next adjacent station, whereby
a mobile unit is always within rahge of at least
one wayside station regardless of its position in
the area, a plurality of mobile units each provided
with radio transmitting and receiving equipment
having an effective range of a limited distance
corresponding to the effective range of the way-
side stations, means associated with each mobile
unit for causing the transmission from stich unit
to be modulated in accordance with the distine-
tive tone in addition to any voice message trans-
mitted from the mobile unit, a communicaticn
channel interconnecting said wayside stations,
means at each wayside station for repeating the
message received by the radio receiving equip-
ment at that station over said wayside communi-
cation channel to the other wayside station only
providing said radio receiving equipment at such
given station receives a radio signal modulated by
said distinctive tone, and means at each wayside
station responsive to a message on the wayside
communication channel for causing its associated
radio transmitting equipment at that station to
retransmit the message received over said way-
side communication channel, whereby, the ces-
sation of reception at any particular station from
a mobile unit causes the cessation of the repeat
action of the associated radio receiver upon the
wayside communication channel to thereby pie-
vent any retransmitted radio signal from being
received by an adjacent station when a thobile
unit ceases transrission. ’

7. In g system of communication hétween a
plurality of mobile units and a central office, a
plurality of wayside stations distributed through
a communication area, radio transmitting and
receiving equipment at each wayside station hav-
ing a directional antenna for directing its field
of radiations and responses toward the next ad-
jacent station, all of said antennas directing their
beams in the same general direction and effec-
tive to extend their beams to at least the next
adjacent station in said diréction, a plurality
of mobile units each provided with radio trans-
mitting and receiving equipment of limited range,
and a wayside communication connection ex-
tending between said wayside stations for re-
peating the message received by the radio re~
ceiving equipment at any given station to the
wayside radio transmitting eguipments at all
other stations for retransmitting such message,
whereby each mobile unit may communicate with
other mobile units in the communication area
which may be out of range of its owh radio
transmitting equipment.

8. In a radio communication system for trail-
roads, radio equipment on each of a number of
trains including transmitting and Trecelving
theains operating on tlie same carrier frequency,
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said equipments being normally in condition to
receive and being manually controllable to trans-
mit provided said carrier frequency is not being
received from some other source, and radio equip-
ment at a way station along the railroad includ-
ing transmitting and receiving means operating
on the same said carrier frequency and manually
operable to transmit only if no carrier frequency
is being received from a train, said way station
equipment including a directiona] antenna for
providing transmission and reception substan-
tially in one direction only along the railroad,
whereby all trains within range of said way sta-
tion are within range of each other so that any
train communicating with said way station locks
out all other trains within range of said way
station,

9. In a radio train communication system for
railroads, a plurality of train carried equipments
each including radio transmitting and receiving
means of limited range operating on the same
carrier frequency and manually operable to
transmit only if no carrier frequency is being
received from some other source, a plurality of
way stations spaced along the railroad at dis-
tances conforming with the range of said train
carried equipments, said way stations having
radio transmitting and receiving means operat-
ing on the same said carrier frequency, said way
stations also having directional antennas for
providing transmission and reception substan-
tially in one direction only along the railroad.

10. In a train communication system for rail~
roads, a number of train carried equipments
each including radio ftransmitting and receiving
means of limited range operating on the same
carrier frequency and manually controllable to
transmit conly if no carrier freguency is being
received from some other source, a plurality of
way stations spaced along the railroad at inter-
vals conforming with the range of said train
carried equipment, said way stations having radio
transmitting and receiving means operating on
the same said carrier frequency and uni-direc-
tional antennas directed in the same direction,
means constituting a communication channel
connecting all of said way stations and a cen-
tral office, and means operating over said com-
munication channel for causing all of said way
stations to transmit carrier frequency when any
way station is receiving a carrier frequency from
the transmitting means on a train.

11. In a train communication system for rail-
roads, radio equipment on each of a number of
mobile units including transmitting and receiving
means of a limited range operating on the same
carrier frequency and manually operable to
transmit only if no carrier irequency is being
received, a plurality of way stations spaced along
the railroad at intervals corresponding with the
range of said mobile unit equipments, said way
stations having radio transmitting and receiving
means operating on the same said carrier fre-
quency and uni-directional antennas directed in
the same direction, a line circuit connecting all
of said way stations with a central office, a car-
rier current transmitter and a receiver at the
control office and at each way station operated
by carrier current on said line circuit, the radio
receiver means and carrier current receiver at
each way station being normally in condition to
receive and the radio transmitting means and
carrier current transmitter being normally in-
active, means associated with the radio receiv-
ing means at each way station for rendering the
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carrier current transmitter active, and means as-
sociated with the carrier current receiver at each
way station for rendering the radio transmitter
active.

12. In a communication system for railroads
providing communication from any one of a
number. of trains to any one of a plurality of
way stations and a central office, radio equip-
ment on each train including radio transmitting
and receiving means of limited range operating
on the same carrier frequency and manuslly op-
erable only if no carrier frequency is being re-
ceived from some other source to transmit an
inaudible control tone along with a voice mes-
sage, a plurality of way stations spaced along
the railroad at intervals corresponding with the
range of said train carried equipments, each of
said way stations including radio transmitting
and receiving means operating on the same said
carrier frequency, means constituting a com-
munication channel between all of said way sta-
tions and a central office, and means at each
way station responsive only to the reception of
said control tone from a train for rendering the
radio receiving means at that station effective to
send voice messages over said communication
channel to said central office.

13. In g train communication system for rail-
roads, radio equipment on each of a plurality of
trains including transmitting means and receiv-
ing means operated on the same carrier fre-
quency and manually controllable to transmit
only if no carrier frequency is being received, a
plurality of way stations spaced along the rail-
road at intervals corresponding with the range
of said train equipments, each of said way sta-
tions having a radio transmitting and receiving
means operating on the same said carrier fre~
quency, means constituting a communication
channel for voice messages between all of said
way stations and a.central office, means at each
way station for transmitting over said communi-
cation channel any voice message received by its
respective radio receiving means, and means at
each way station responsive to a voice message
over said communication channel for rendering
the associated radio transmitting means active
to transmit a carrier frequency, whereby trains
beyond the range of any given train communi-
cating with the central office are prevented from
breaking in by reason of the retransmission from
all other way stations when a given way station
is receiving a voice message from a train.

14, In a system providing two way communi-
cation between a central office and a plurality of
trains within a communication area, a central
office, a plurality of way stations in a communi-
cation area along a railroad track each includ-
ing a single channel radio transmitier and re-
ceiver, means constituting a communication con-
nection operative over a wayside channel between
each of said way stations and said central office
for permitting the transmission to the central
office of a message received at any way station
or the transmission of a message from the cen-
tral office to any way station, equipment on each
train in the communication area including a
single channel radio transmitting and receiving
means operable on the same single channel as
the way stations and having a limited range
less than the extent of the communication area,
manually operable means on each train for ren-
dering the associated transmitting means effec-
tive to send out a radio signal, means at each
way station acting in response to a radio signal
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transmitted from a train from within range of
that station to transmit a message over said
communication connection for rendering all of
the other way stations effective to transmit radio
signals to all trains within their range, whereby
the starting of communication with the central
office by any particular train in the communica-
tion area causes all other way stations to send
radio signals reaching all trains in the communi-
cation ares out of range of that particular train.

15. In a communication system providing two
way communication between a central office
and @ plurality of trains within a communica-
tion area, a central office, a plurality of spaced
way stations located throughout the communica-
tion area each including radio transmitting and
receiving equipments having a limited range of
directional characteristics but so spaced that
their ranges are overlapped to provide a complete
coverage of the communication area, a wayside
two-way communication channel for communi-
cating between the central office and each of the
way stations, means at each way station respon-
sive to a message over said communication
channel from said office or an associated way
station to cause its associated radio transmitter
to be effective to transmit such message to there-
by communicate with the trains within its range,
and means at each way station responsive to the
reception of a radio message by its associated
radio receiver for rendering its associated trans-
mitter ineffective and acting to transmit such
message over said communication channel to
said central office and each of the other stations,
whereby the transmission from = particular train
station to a particular way station effects the
retransmission of that message from all other
* way stations so that the trains within the ranges
of such other stations can receive the message
but with respect to the trains within range of
the way station at which its transmitting means
is rendered ineffective such trains receive the
message directly from the train station then
transmitting.
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16. In a system of communication between a
plurality of mobile units travelling through a
communication area, a plurality of wayside sta-
tions distributed through said communication
area, radio transmitting and receiving equipment
at each way station operable on a particular
frequency and having a directional antennae for
directing its field of radiation and pickup toward
the next adjacent station in one direction buf
not the other, and each station having an effec-
tive range extending at least to the next ad-
jacent station in said one direction, a plurality
of mobile units each provided with a radio trans-
mitting and receiving equipment operable on
said particular frequency and of a limifed range
corresponding to the range of said wayside sta-
tions, whereby each mobile unit is always within
range of at least one wayside station regardless
of its position in the area, and a wayside com-
munication channel connecting said wayside
stations for repeating any message received by
the radio receiving equipment at any given way-
side station from a mobile unit within its range
to cause the radio transmitting equipments at
the remaining wayside stations to retransmit
such message to the mobile units within range
of their respective wayside stations, whereby each
mobile unit can communicate with every other
mobile unit in the area regardless of its limited
range.

FOREST B. HITCHCOCK.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,393,291 Clark e Jan. 22, 1946
2,398,741 Halstead -t Apr. 16, 1946
2,429,607 Capen —eeeeo——e—m———- Oct. 28, 1947




