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11 Claims.

This mventlon pertams to an inductlon radlo-
telephone system for longitudinally - extending
traffic lane .communications. employing wayside

wires, adjacent railway trackage or highways, as

-transmission media for establishing long-distance
two-way communications between mobile. units;
fixed wayside points and mobile units, or between
fixed wayside points. -

The system of the invention also. ut1hzes a
single automatic repeater or an automatic relay

group extending in a longitudinal direction-along )

a traffic lane comprising a plurality of zone trans-
mitters and receivers disposed at-strategic zone
control points along the traffic-lane; with means
for utilizing the zone transmitters and receivers.as
automatic repeaters under-carrier control from a
central- point, or operable under localized zone
control. In this manner, the longitudinal radio-
telephone network is divided into an additional
zone or a series of zones, each under local control
and/or centralized control. ‘The repeaters are in-
strumental in extending the effective: .induction

" field surrounding the wayside wires over required
longitudinal distances with respect to the traffic
lanes, while the amount of carrier signal energy
xmpressed on wayside wires in each zone may be
limited to effect the necessary restriction in the
lateral extension of the field; The system differs
from conventional . carrier-current - systems:-or
ordinary induction telephone systems in that no
physical connections need be. made to wayside
wire-circuits, mobile units may establish commu-
nications over long distances via induction radio
signals impressed on wayside wires and an-asso-
ciated repeater or repeaters, -no matching net-
works are utilized, signals are impressed in phase
on ‘all wayside circuits, such as. telephone, tele-
graph and electric power lines, and-the combined
induction and radiation fields surrounding way-
side conductors or loop inductors are employed
for two-way signaling purposes.. - -:

In general;, the system employs & central sta-
tion transmitter wherein carrier signals are.gen-
erated, thence modulated and applied to.the dis-
tributing media so that. it may be received, and

repeated if desired by a single repeater or.a plu-.

rality of zone repeater stations,: each of. which
transmits the signal on a frequency different from
that used by the preceding transmitter. The

~zone station may also be used as a local control
station, with local or remote microphone and
Joudspeaker, without acting as a repeater.
By utilizing such retransmission of signals on
different frequencies in alternate. slgnaling areas
or Zones, and by the use of frequency modula-
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tion transmitters and . receivers, the . system is
capable of propagating. the original- signal
through a substantially 1ndeﬁmte distance wher-
ever-a Suitable metallic-path transmission medi-
um “or distributing network is avauable regard-
leéss of ‘whether the signal originates at the cen-
tral station, from one of the zone transmitters,
or from a mobile unit.: The repeater transmit- .
ters may also be used for zone communications.
By using the repeater stations as set forth here-
in, any mobile unit, such ag.a train, truck, bus, .
or other vehicle can be in constant comrunica-
tion with a central station, a-local zone control
station, or with other vehicles:

An important. distinction between a conven-

. “tional space radio system and the induction ra-

dio system of this invention resides in the fact

" that where wayside wires are present radic=fre-
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‘over-riding -noise levels. "

‘tion' of ‘the ‘signals,

‘quency signhal’'energy is ‘required to travel:through

ether, as a transmission ‘medium, only for the rel-

_atively short distance between the mobile unit and

the wayside wires, which then serve as a trans-
mission medium along the traffic lane:«

For vehicle to vehicle’communication, for eX-
ample, induction radio signals do not have to di-

“rectly bridge the airline:distance between the two :

units, which may be many miles,*but travel from

_one mobile unit to.adjacent wayside wires; then

along the wires, and thence to the second mobile
unit. By means.of a repeater associated with
these wires the signals from the mobile units may
be retransmitted ‘at much higher-level, thereby
In this ‘process, which
may be provided by -the system of the invention,
signals from a low-power transmitter on a ‘mo-
bile unit are transmitted for a distance of a few
feet to wayside wires and the signals as im-
pressed on the wayside wires travel along them to
the nearest automatic repeater, at which point
the signals are re-transmitted :at high level along

.the -same line, utilizing a second frequency:for

this purpose, . The intense induction-radio field
surrounding the wayside wires is then used by .
a second :mobile unit adjacent the wires in recep-
. In . this manner, and by &
reversal 'of process:so that signals from the sec-
ond unit. are: transmitted: back through the re-

" peater circuits, effective two-way communication. .

may. be established, even.though extremely low-
power transmitters and relatively insensitive re-
ceivers are used on the mobile units. - It is pointed

“ out-that the repeater station-used in the process

may be a telephone substation or exchange Where

‘ interconnections - with- telephone lines or-space
radic eircuits may be made, '




2

Mobile units may employ receivers capable of
receiving on at least two different frequencies and
may transmit on one frequency so that regard-
less of the geographical location of the mobile
unit in relation to the distributing media, the
mobile unit can always be reached and can.com-
municate with the central station or zone control
points.  Yn normal operation the central station
and mobile unit may have dual or single channel

receivers capable of receiving the central sta-

tion and moblie unit frequencies as well as the
automatic repeater frequencies. The zone re-
ceiver used in the automatic repeater equipment
may be either of the dual or single channel type
depending upon whether the system requires only

10
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in the transmission media from the R. F. induc-
tion cable will be in phase and of substantially
equal intensity in the various wires ¢f the trans-
mission media, thus increasing the efficiency of
the system in some instances by having the sig-
nal which is transmitted through the transmis-
sion media in phase in all ¢f the conductors of the
transmission media, and thereby reducing the
attenuation in the transmission line which in
turn permits a reduction in signal intensity at
the transmitter. However, this might not be the

““case in the event the signal impressed upon the

15

a single automatic repeater equipment or a mul- .

tiple of zone repeaters which may be arranged in
cascade or tributary connection with respect to
a longitudinally-extending wire network, in order
to cover a desired length of railway or highway

transmission media was not in phase in the vari-
ous.conductors thereof.
A further object of the invention is to provide

a communications system employing wayside . -

conductors .or the like as a transmission media

" “in conjunction with a plurality of relay stations,

20

system. To enable the fixed-station network and -

all cooperating mobile units to operate on the -

“safe-fail” principle, which is substantially equiv-
.alent to the closed-circuit type of supervision on'
conventional signaling systems employing metal-
. lic connections, a checking or test pulse system is

each consisting of at least cne transmitter and
one receiver for communications between relay
stations disposed adjacent the transmission

“media along a traffic lane and mobile units on

.employed whereby the central station periodically -

sends out a master checking pulse over the dis-
tributing network, which pulse is received at the
- repeater stations as well as in the mobile unit
“or units, In this manner the repeaters retrans-

mit the test pulse along the relay network. A

pulse-actuated check light is provided at each
of the repeater stations so that the proper opera-
tion of the system may constantly be made known
to the operators at-all fixed stations as well as
mobile units.,

At the central station there is also a transmitter
check light which is connected with a monitor
receiver.so that there may be a check on the
operation of the transmitter at the central sta-
tion to-indicate that the signal is being impressed
upon the distributing media.

One object of the present invention is the pro-
vision: of -.a traffic control 3ystem in which the
initial signal is repeated non-interferingly by an
automatic repeater or by a multiple of automatic
repeaters distributed throughout the system. -
~ Another object of the present invention is the
utilization of the wayside conductors inductively
to permit one or-more successive “repeat” signals
to be projected from an initiating point along the
system with no interference between signals from
adjacent repeater stations.

- Still another object of the present invention
is the utilization of a right-of-way to be divided
into one or more zones and the wayside conduc-
tors paralleling such right-cf-way, so that a sig-
nal initiated in one Zone is successively received
and repeated along the system to provide a non-
interference signal system along the nght-of-
way.

Another ‘object of the present mvention is the
utilization of oneé or more automatic repeaters

- to pick up and relay signals from one or more
mobile units to the central control point or to
provide communication between two or more mo-
bile units by means of one or more automatic
repeater units along the right-of-way.’

A further object of the invention is to provide
an R, F. induction cable transmission-line -dis~
posed substantially parallel with and adjacent
the wayside wires or other conductors of the
transmission media, se that the signal induced
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the traffic lane, each of said relay repeater sta-
tions, mobile units,-and a central control station
having aural transducers and/or visual indica-
tors for receiving test pulses transmitted from
a central control station to provide an audio-
visual supervisory means for the “safe-fail” type
to test the integrity of the system at all times.
+ A further object of the invention is to provide
a communications system of the class déscribed
employing a metallic transmission' media dis-
posed along a traffic lane with a central station
employing at least one transmitter and one re-
ceiver, and at: least one repeater relay station
employing at least one transmitter and one re-
ceiver, in conjunction with equipment on a mo-
bile unit which utilizes at least one transmitter
and one receiver so that -at all times communi-
cation is possible between the central station and
the repeater stations and mobi.e units, or be-
tween any combination of mobile units, relay
repeater stations, and the central station.

A further object of the invention is to provide
a communications system of the class described
wherein a signal is impressed from a transmit-
ter on to a metallic transmission media extend-
ing along a lane of traffic in such manner that
the combined induction and radiation fields sur-
rounding the transmission media will have suffi-
cient signal intensity to provide an adequate sig-
nal for reception by mobile units substantially
within a lateral distance in feet equivalent to
157,000/f (kc.), where 7 is the frequency in kilo-
cycles, to the end that the signaling fields sur-
rounding the transmission media are substan-
tially ineffectual in producing s useful or inter-
fering signal at distances in feet greater than
157,000/ (ke.), from the transmission media.

An additional object is the provision of an in-
duction radio-telephone signaling system for use
substantially in a longitudinal direction along
extended traffic lanes ‘over long distances where-
in a strong signal may be provided in all mobile
units on or adjacent said lanes at all points re-
gardless of existence of localized areas in which
underground conduit, underwater cables, tun-
nels, or bridges may render ordinary non-re-

.peater types of mduction ‘radio systems ineffec-

tive.

In the drawings

Fig. 1 is a block diagram showing a traffic lane
communications system with a central stations
unit and an automatic repeater station unit.

Fig. 2 is a block diagram showing a traffic lane
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communications system with ‘& central. station
unit and a series of automatic repeater stations.

Fig. 3 is a block diagram showmg one form:of a
-central station unit.

Fig. 4 is-a block diagram showing a typical
zone repeater unit. :

Fig. 5 shows a block" diagram of a mobile unit

employing a loop for: pickup from:the wayside :

wires, and transmission thereto.

- Pig, 6 sHows & block diagram of ‘g mobile unit
with & whip antenna as an optional ‘method of
pickup, or:transmission.

Fig: 7 is a schematic diagram’ of & radio fre- _

quency induction cable transmission line as used

by a central station: or repeater transmitter unit.

With referénce t{o the 'drawings and particu-

! larly\gock diagram: Fig. 1 thereof; numeral\ﬁl
- designates_the existing wayside eonductors: run-"~
ning parallel to the traffic:lanes 152, The illus-

trative central station equipment may consist of
a receiver or receivers: 183, such as is.shown in

my -copending application Serial No. 548,962, re-
ceptive to frequencies Fl and F2, a: loudspeaker

154, a pulse lock-out relay 1686, a received carrier
pilot 159, a single channel transmitter 151, such

as is shown- in my copending application Serial i

No. 548,962, operating’on frequency: Fl having
coupled to it a ‘microphone {58, an: automatic
pulsing unit 160, and a tone generator 161.. The
radio frequency output-from’the: transmitter 157
‘may be coupled through an R. F. attenuator 163

to the transfer relay 164. The R. F..input to the -

receiver 153 may also be coupled to'the trans-
fer relay 164 so that when the above-mentioned
relay is-in “receive” position, an R. F. induction
cable 165 is connected fo'said receiver. ‘The R.
F. induction cable 165 usually extends for a dis-
tance of -from 500 to 1000 feet parallel and in
close proximity: to the wayside conductors 154
and in some instances terminates In-terminating
‘unit.'166.- In lieu of the induction cable cou-
pling means, a line coupling: condenser 165A may
be used hetween the transfer relay. 164 and wire
circuits 154

The- automatic’ repeater unit consxsts of ‘a re-
ceiving antenna {71, running parallel'to the way-
side: conductors ISI and:¢onnecting” to a zone

receiver 110, said receiver being.responsive; for.

example, to frequency Fl. In lieu of the receiv-
ing antenna, a line coupling condenser {T{A may
‘be used between the input of zone receiver 110
and wayside wires - 151; The zone receiver:
has- an ‘audio’ output’ connecting  to: the loud-

h .speaker 115 and to the zone transmitter 176..' An

additional output from’ the Zzone receiver con-
nects to the carrier operated relay 174 which in
turn automatically controls the operation:of the:
zone transmitter 116 whenever ‘a signal is.re--
ceived on the receiver 110." The'R. F. output

circuit of-the zone transmitter 176, which may go.
“be tuned to a frequency F2; is‘coupled thFfough

the R. P. attenuator- unit’ 17 to the radio fre-
quency ' induction cable -180 which in.turn ‘runs
parallel to the wayside conductors 151 and termi-
nates, in this-illustrative: application, in’ termi-
nating unit 181, The output circuit of the zone

transmitter 116 may also be connécted through'a

line coupling condenser {80A, to wayside wires
I51 in instances where the-induction ‘cable is
not used. 'The microphone 182, which of course’
may be any distance away, is provided for the
local ‘operation of the repeater equipment and
the check light 184 is provided to'Indicate. that
the receiver and carrier operated relay are func-
tioning properly

‘45

170

3

‘The mobile unit 185 coupled to the loop 186, in
this {llustrative example, is equipped with. &. two-
channel receiver turied to frequencies FI. and 2,

. and a transmitter tuned to‘frequency. Fl.

5 ‘In the. operation of the above described: units, .
the use, of the single repeater allows the system -
to have an extended range of twice that of .the
central - station . equipment - without  a repeater.
When the mobile - unit: is in:the centra] station

10 zone, signals can be transmitted between the mo- -

bile unit and the: central. station on frequency =

Fl. When-the mgbile unit is in the automatic
repeater zone, the. Pl signals from the central
- station:or the mobile unit, as the.case:.may. be,
15 -are automatically. received by the zone: receiver
on Fl and automatically .repeated on frequency
2, by the zone transmitter.
Where wayside -wires: {51 may leave overhead
po es\and go underground in conduit, or enter
20. lead shea.tlnng, or where wayside wires leave traf-
fic lanes and run over-a hill while the traffic lane
goes through a-tunnel, supplementary wires; such: :
as 180, Fig. 2, may be inductively or capacitively.
coupled to- wayside ‘wires: where. they approach-
the-points where the wires: leave the vicinity.of
thetravel lane for a short distance go into sheath-
ing, or enter underground‘or underwater. cables.
At these points, the supplementary wire may-be
coupled: to: one .or more existing. wayside wires,
by cdpacitors (41 and 42, or by induction. cou-
pling in which the supplementary wire_is. simply
disposed in the vicinity of the existing. wayside
conductors, The supplementary wire then bridges
the. gap in which the existing wayside wires.are
ineffective for induction radio purposes.. : .. . ;
As both the central station and-the automatic

12
(3
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36

repeater units of the: illustrative application of - ‘

the system gare ‘equipped. with-dual-channel re-
ceivers capable of: selectively receiving Fi and ¥2
frequencies they. can readily pick: up the signals
from the automatic.repeating -zZone: transmitter
_operating on frequency F2; : ;

Fig. 2 represents.a more elaborate system which
consists of & central station equipment and one
or more automatic repeater units to cover an ex-
‘tended longitudinal distance. - In this figure; block

.11 represents a typical central station unit: which
‘includes a transmitter. operating on a- frequency
‘specified-as Ff, a ‘dual or two-channel receiver
responding to frequencies:Ft: and F2; with a . mi-
crophone 12, g loudspeaker: 13; and three: check
lights 14, said central station unit operating in:
an area’ specified-as-zone" li:. A radio: frequency’
“induction ‘cable transmission line 15 connects to-
the 'RF output’ terminals of the said: central-sta-
tion unit and extends for:a distance of from-500
“feet to 1,000 feet parallel to and in close prox-
imijty to the wayside conductors: 18, and termi-
nates.in the terminating unitAT, said RFinduc-
-tion cable transmission line being used for recep-
tion as well ‘as transmission of signais at the i
central station. :

A mobile transmitting and receiving unit 18
empioying a loop 20 for both reception and trans-
mission may be installed on a train, automobile
or other moving vehicle 19, operating on'a traffic
lane. ‘This is-more clearly illustrated in the ex-
_ternal view as & mobile transmitter and receiver
18’ the transmitter. operating en frequency F2
and the dual channel receiver. operating on fre-
“ quencles FI- and F2.- The mobile unit employs
8 loop 20’,-said loop usually being mounted in a
vertical plane parallel to the wayside conductors

75 16 along . the traflic lane so.that a msaximum

40

50

56

65
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transfer of energy-takes place between the loop:

20 and the wayside conductors. 16, or vice versa.
. Zone repeater units are located at zone control

points along the traffic laneas illustrated by zone
2 repeater 22, consisting of a combined two-chan-
nel receiver-and.a two-channel transmitter with
associated controls, operating on:frequencies Fi
and F2. Coupled to said Zone repeater for local
control is a microphone 23, a loudspeaker 24, and
a check light 25, Means for coupling -the re-
peater 22 to the wayside conductors {6 are pro-
vided by the reeciving ‘antenna 26 and the RF
induction cable ‘trgnsmission line 21 ending in
the terminating unit 28, said receiving antenna
and transmission line extending parallel to and in
¢lose proximity to the wayside. conductors;
Other similar zone repeaters are installed at vari-
ous points ‘along the traffic lane as required, the
“determining factor for siacing between installa-
tions normally being governed by the amount of
signal attenuation -along the railroad right of
way or traffic lane, as the case may be, the desir-
ability of the installation of a-zone repeater ‘at
certain strategic control points, or the necessity

for signal reinforcement at points where wayside -

wires- go underground, enter conduit, cross hills
(while trackage goes:through tunnels), enter sub-
marine cables to-cross rivers, or where local noise
levels are excessive and signal ’energy maust be in-
creased.’

The operation of the system is such that when
the central station 11 transmits on frequency Fi
the receiver of the zone 2 repeater 22 receives
the signal on frequency Fl. This serves to auto-
matically turn on the associated repeater trans-
mitter as described- hereafter, the original then
being retransmitted on frequency F2. The re-

10
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locking it out of the circuit, that is, suspending
operation of the pulsing unit, when an incoming
signal is received.

Associated with the central statxon umt is a

. power transfer relay 48 Whmh\controls the oper-
‘ation of the transmitter 40 and the receiver 44,

talso controlling the antenna transfer relay 49, the
sutomatic pulsing unit 42 and the transmitter
pilot light 50.

‘The handset 52 cons1sts of a mlcrophone 53, 2

. push-to-talk. switch 54 >and an ear phone 55.

15

20

30

35

ceiver of zone-3 repeater 29 receives the signal on .

frequency 2 and automatically retransmits the
signal by means of its associated repeater, oper-

ating on frequency FI or other suitable frequeiicy. -

Thus it is seen that alternate stations operate on
alternate or differing frequencies automatically
retransmitting the or1g1natmg 31gna1 along the
entire circuit.

Due to the-fact that-frequency modulatlon Ais
employed, as described hereafter, and-that the
. stronger or initiating signal assumes-control with
no- audible heterodyne effects between- signals
from alternate zones, the signal from zone 3 re-
peater. 28 on frequency FI do-not interfere with
the: injtial signal from the originating station,
even though -the same frequency. is' employed.
This condition is a characteristic.of frequency
modulation, which to a considerable extent makes
the system of the invention- practicable as the

40

45

80

55

original - controlling signal will maintain control -

reverse direction.

A block diagram of the central station umt is
more clea,rly shown in Fig. 3. The transmitter
40, operating on Fi frequency has associated with
it a tone generator 41, connected to ‘an auto-
matic pulsing unit 42 said pulsing unit sending
out a tone pulse approximately every five seconds.
This pulse provides a definite check along the en-
tire system indicating that all zone and mobile
units are functioning satisfactorily. The two
‘channel receiver 44 connects to the loud speaker
435, the handset 52 and the carrier-operated relay
46, contacts of - the ‘said carrier-operated relay
connecting to the received carrier pilot-light aT1
. which indicates visitally the presence of an in-
coming signal. = The carrier-operated relay 46

- of the zone receiver next in line but not in the

60
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When not in use the han et 52 is placed on a
hook or & hang-tp box 56 in which position the
switch 57 connects the loudspeaker 45 to:the two-
channel receiver 44.. When the handset 52 is re-
moved from the hook or the hang-up box 56, the
switch 87 opens, thereby disconnecting the loud-
speaker 45 from the receiver 44. The dispatcher
or -operator is then in control of the central sta-
tion unit with the earphone 55 connected to the
receiver 44. When the push-to-talk switch 54 is
pressed, the power transfer relay 48 and the an-
tenna transfer relay 49 are closed, thereby trans-
ferring the RF.induction cable 60 from the re-
ceiver 44 to the transmitter 40. - At the same time
the automatic pulsing unit 42 is made inoperative,
the transmitter pilot light 50 is turned on and
the two-channel receiver 44 is made- inoperative.
Upon .completing  the message the push-to-talk
switch 54 is released by the operator causing the
power transfer relay 48 and the antenna transfer

‘relay. 49 to open; resulting in connecting the RF

induction cable 60 back to the iwo-channel re-
ceiver 44, placing the said receiver in operation,
turning off the -transmitter pilot light 50 and
again- starting the operation of the automatic
pulsing unit 42,

The automatxc pulsing - unit 42 controls the
power transfer relay 45 in the same - manner. as
when the push-to-talk switch 54 is closed ex-

- cept that the tone generator pulse is transmltted

over the circuit instead of the voice.

- A monitor rectifier 62 coupled to a relay 63, said
relay operating the transmitter check light €4 is
coupled to the RF .output of the transmitter 40
by plck-up lead 65 to indicate that the transmit-
ter is functioning properly.

In Fig. 4 a dual channel zone repeater station
is. indicated in a block diagram form. A two-
channel receiver which for clarity is shown as
two receivers Tf and 712 adjusted to frequencies
F'l and F2 respectlvely, is. coupled to the receiv-
ing antenna 13, said receiving antenna running
parallel and in close. proximity to the wayside
conductors T4. - The dual channel receiver out-
puts connect to their respective associated car-.

- rier operated relays 15 and 16, which in turn con-

trol the operation of the transmitters 17 and 18,
the transfer relay 80 and the check lights 83 and
84, The transfer relay. 80 connects to the RF
induction cable 81, said cable running paralle] and
in close proximity to the wayside conductors for a -
distance. of from 500 to 1000 feet and terminat-

.ing in the terminating unit 82. .

Associated  with the zone repeater is a loud-
speaker 85 and a local microphone 86 to be used
when local control .of the zone repeater is desired.
The microphone 86 controls the transmitter of
the frequency desired.

In the operation of the zone- repeater an in-
coming signal on Pl receiver 71 controls its associ-
ated carrier operated relay 19 so that it operates
both the transfer relay 80 and the transmitter 71
resulting in automatically repeating the signal on

_-also - controls: the automatrc pulsing unit 42 by 78 frequency F2 back through the RF induction
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cable 81-and thence into the wayside conductors

14, At the same time it controls the operation -

of the check light 83 indicating that the repeater

is in: operation and blocks the receiver ‘12 which
- is-adjusted .to. frequency. F2 'so that it will not
~function. Lot N '
.’ Should an incoming carrier on frequency F2 be
picked :up by-the receiver 12, the_ carrier oper-
*: gted relay-16 controls the transmitter 18 and con-

nects the said transmitter 18 through the trans- 10

fer relay 80 to the RF. induction cable 81, result-
ing in automatically repeating the incoming ¥2
- signal on frequency - Fl.. At the same time other
functions ‘including the operation .of, the check -

light, 84 are carried out in the manner outlined 16

in the operation of the repeater with an incom-
ing signalonFl.. = b0 R

Fig. 5 shows a block. diagram of. one form. of
the mobile unit equipment employing a ' loop for

induction pickup from the wayside'.conductors 20

and- consists of "a loop 104 coupled through an
antenna transfer.relay 102 to a two channel rex
ceiver -103. - -A carrier operated relay 104 also’
connects the receiver-103, contacts of said car-
"“rier operated relay
105. - The check. light (05 operates when short
pulses are transmitted from the central station
and is-used as a constant check on the opera-
tion of the circuit. -The audio output from the

‘dual receiver 103 passes through the audio fre- 30. aber unlis are
~points. as. may. be. required at signal & ter

quency filter 106 which filters out most of ‘the’ :
pulse frequency so that it will not be objection=
able to the operator but passes -the voice fre-
quencies to the loudspeaker 107 and the earphione

‘{08. 'The antenns transferrelay {02 is normally 35

in the receiving position. N T A
~ When the operator desires to transmit a mes-
. ‘'sage or reply: to a message originating at the

‘¢entral station or zone repeater; the press-to-talk . ‘
switeh (14 on the handset {10. is closed, result- 40

ing in the operation of the power transfer relay
f1| and the antenna transfer relay-.102.. The
power transfer relay {11 then shifts the receiver
{03 to an inoperative position and: at the same

time places the transmitter 12 in.operation on 45.
frequency F2. In the {ransmitting position, the .
‘antenna’ transfer relay 102 connects the trans- .

mitter 112 to the loop 101 and the operator can
then transmit his message through the. micro-
phone- 115.
fo-talk switch 114 the mobile unit is again placed
“'in the receiving position so that frequencies Fi
and F2 may be received.-

Fig. 6 shows a block diagram of an identical .
mobile unit equipment except that. a whip.an- &6
tenna 118 is employed-in ‘place of g loop as an -

optional method - for pickup from the -wayside
** conductors. R oo c :
“ g, 7 shows an RF induction line transmission

conductor or cable 125 as an efficient means of 60

" coupling a transmitter 126 to the wayside con-
: _ducto_r'slz-'l-, said RE induction cable transmis-
sion line {25 running for & distance:of from 500
to 1000 feet parallel and in close proximity. to the .

mination unit 130, The transmission cable 125

~may consist of any-standard impedance cable of

. The ter-__"
-~ mination unit- 130 (which may. be considered as’, |
- typical-of such units. previously. mentioned) con- 70
gists' of a -rion-inductive: variable resistor 131 in.

from T2 ohms t0:600 ohms.impedance.

- econjuaction with: a. capacitor 132.. By adjusting

“the resistor 131:to the correct value it is possible

to eliminate:standing: .waves :in the RF induc~"

{04 operating a check licht 25
‘of the zone receiver-repeater _apparatus

“will Teceive selected signals witho
_by or with the signals of the

1. In g traffic :commqﬁi
L8 »primary‘signapling zone €
side conductors and operative ® th- i

‘carrier frequencies, and a zone fransmittifig-and

" means whereby g received sign

By releasing the button on the press- 50. the 1 retransmi ‘
_ing inductively ‘imposed " back ‘onto: the ‘wayside
" conductors, with:

characteristic impedance of the line used, result-
ing in confining the signals. substantially to the
wayside conductors ;12T and: their: immediate
flelds, g L B

‘Ar glternative and ‘equally efficient method of

- coupling is ‘to employ a transmission line 125 ds
- o loop, of extremely long top and bottom sections

with wide spacing  between. ground -return ‘and

- the high side’ of the loop; the far end of which .

may be grounded as shown at-134. This loopis
in' g vertical:plane, ;parallel“to the traffic lane,
The lower side of the loop can be a wire,, a steel

- rail, a/pipe,-or ‘equivalent conductor running par-

allel to fhe Wayside“conducto‘rs g.l;d“éréqm“ig‘q;_a.t

‘the far end, as indicated.

In either system of coupling the transmitter

+$o " the wayside conductors, the radio freguency
. ‘gttenuator 128 allows the output of the’ trans- .-
"mitter 126 to be adjusted to 'such..a yalue that

the lateral extension of the induction. fleld "Di
can be maintained within desired limits. .0 .0

From the foregoing description taken in con- .
junction  with the drawings,

it is evident that
there is provided atraffic lane  communicating
system that . ensures . against ‘interference and
tends to assure-desired signaling from Zone

to the other suceessively and successtully,

1t will. be appreciated’ from the arran

forth, in which repeater !umtg:_alfef.@é%};

within & predetermined range, tha

adjacent zones. ...
- What is claimed is:

of way, divided .into ¥

oenes, wayside conductors along the right of way,
_a central station including at leas transmitter
and receiver it‘;ductiy‘elfa‘“s,sqc@dﬁe { with said way-

receiving . relay. unit, inductively ‘associated’ with

said wayside conductors, said relay dnitincluding

rece jgnal havirig one car-
rier frequency characteristic is retransmitted at
o different carrier fréquency'=cha'1‘acté'1‘istic than

d signal, ‘said’ retransmitted signal‘be-

‘the receive
_ ith the same ‘modulation: charac-
teristics as' originally impz_'essed Aupqn':’the -signal

“at said central station. * =

2. In g traffic commiunications’ systemn ‘having

. primary signaling zone € tending along a-right

“of way divided into’ secondary - sigrialing: zones,

wayside conductors along the right of way, & cen-

“tral station including at least - transmitter and "

receiver of ‘modulated ‘carrier frequencies induc-- .
tively associated with said “ywayside -conductors,

“'and a plurality of zone transmitting and recelv-
““ing relay units Inductively associated. with said
- wayside conductors, ¢aich of “said relay: units in-

wayside conductors {27 and-terminating in a ter- 68 cluding _méanswherebyi'a»»receive'd‘signa.l:.having

‘one carrier ‘frequency characteristic iis- trans-
mitted at a different carrier frequenecy:charac-
teristic ‘than the received signal and. inductively
‘imposed’ pack onto-the wayside conductors, both
said recéived and said.re-transmitted carrier sig-
nals having sybstantially the same: modulation

“ chardeteristics. :

=R g traffic: coxﬁm’u.r‘xi'catiér.ls‘ system. having

g primary signaling zone extending-along a right

tion “cable transmission-line. by .matching . the 78 ":Qf“way ‘which is divided: into secondary signaling
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right of way of sufficient distance to embrace the
primary signaling zone, a central-station includ-
ing at least a transmitter and receiver of modu-
lated carrier frequencies inductively associated.
- with said wayside conductors, and a plurality of
relay units having transmitting and receiving

means therein inductively associated with said -

wayside conductors, each of said relay units in-
cluding apparatus for receiving a signal on one
carrier frequency and retransmitting said re-
ceived signal on a different carrier frequency,
said relay units disposed along said right-of-way

each transmitting its received signal on & car- .

“.rler frequency different than the transmitter in
. its adjacent zone on either side thereof, said re-
spective carriers all bearing substantially. identi-
. cal modulation characteristics, whereby intelli-
gence is propagated from zone to zone with sub-
stantially no loss of distinguishing modulation
characteristics.
4. In a traffic communications system having
a primary signaling zone extending along a right-
of-way divided into secondary signaling zones,
wayside conductors along said right-of-way, an
initiating carrier signal means. capable of ini-
- tiating induction radio signals at one carrier fre-
quency, the said carrier signal means being in-
ductively coupled with said wayside conductors,
and a plurality of signal receiving and a trans-
mitting means disposed at secondary signaling
zones along said right-of-way, said receiving and
transmitting means being employed in each sec-
ondary zone for receiving and successively:re-
peating the initiated signals along said right-of-
way, each signal receiving and repeating means
being. inductively associated with the -wayside
conductors, the repeating means also being ca-
Pable -of originating carrier signals, the -signal
thus initiated being alternately repeated in suc-
cessive zones along said right-of-way at different
carrier frequencies to ensure a non-interfering
signal throughout the system. ‘ :
5..In a traffic communications system having
a primary right-of-way signaling zone divided
into secondary zones, wayside conductors extend-
ing throughout said right-of-way, a primary ini-
tiating signal means capable of initiating signals
at one carrier frequency, said ‘signal initiating
means being inductively coupled with said way-
side conductors, a plurality of signal repeating
means-disposed in each of said secondary zones
along said right-of-way, for receiving and suc-
cessively repeating the signal initiated at the pri-
mary sighal initiating means along said right-
- of-way, each signal repeating means being induc-
‘tively associated with the wayside conductors, the
repeating 'means also being capable of originat-
ing carrier signals, the signal thus initiated by
the repeater'means being alternately repeated in
successive zones at différent carrier frequencies

to ensure a non-interfering signal throughout the =

system, and a_mobile unit movable along the
right-of-way having a two-way radio apparatus

carried thereby and being inductively coupled

- with the wayside conductors to permit two-way

radio communication with the initiating signal

. means and the repeating means of the zone ap-
. .paratus. '

6. In a traffic communications system having a

.. primary right-of-way signaling zone divided into . .

secondary zones, wayside conductors along the
right-of-way, ‘& central transmitter station. in-
— ductively coupled with said wayside conductors,

7 2,898,741
zones, wayside conductors extending along the

8 zone repeater for each of said secondary zones,
each repeater including a receiver and a trans-
mitter inductively coupled with the wayside con-
ductors, the signals received on one frequency be-
ing re-transmitted by the zone transmitter on a
different frequency, and a mobile unit movable
along the right-of-way having a two-way radio
apparatus carried thereby -and being inductively
coupled with the wayside-conductors to permit
two-way radio communication with the central
transmitter station and any of said zone repeat-
ers. -
" 7. In a traffic communications system having
a primary right-of-way signaling zone divided in-
to secondary zones, wayside conductors along the
right-of-way, a central transmitter station in-
‘ductively coupled with said wayside -conductors,
a zone repeater for each of sald secondary zones,
. each repeater including:a receiver and a trans-
20 mitter inductively coupled with the wayside con-
ductors, the sigrials received on one frequency be-
ing re-transmitted by the zone transmitter on a
different frequency, and at least two mobile units
movable along the right-of-way, each of said mo-
bile units having a two-way radio apparatus car-
ried thereby and being inductively coupled with
the wayside conductors to permit two-way radio
communication ~‘between said mobile units
through one or more zone repeaters..
- 8.'In a radio signaling system:effective in two-
way -communications with -vehicles throughout
“the length of a longitudinally-extending trafiic
lane and within a limited lateral distance from
wayside conductors normally extending parallel
to the traffic lane wayside conductors, a radio re-
lay group for progressive signaling over said way-
side conductors along a traffic lane and disposed
“in proximity thereto, said relay group consisting
" of a plurality of carrier wave repeater stations
disposed ‘at spaced intervals along said traffic
lane, each of said repeater stations having a nor-
mally-on receiver complemental fo a normally-
off transmitter, means for automatically placing
each of said transmitters in operation when a
carrier signal is received by the transmitters
complemental receiver whereby a signal is re-
layed automatically along sald traffic lane, signal
transfer means' assoclated with ‘each of said.
transmitters and receivers for utilizing said way-
80 side conductors as's transmission medium along
said traffic lane, whereby the combineqd induction
and radiation fields surrounding said wayside
conductors are employed in establishing commu-
nications with vehicles proceeding along said
traffic lane substantially within g lateral distance -
in feet of 157,000/f (kc) from said wayside con-
" ductors, said fields being ineffective in producing
.an interfering signal at distances in feet greater
than 157,000/f (ke¢) from said wayside conduc-
tors. - . s :
© 9. In a traffic communications ‘system having
- & primary signaling zohe extending along g right-
of-way divided 'into secondary signaling zones,
" signal  propagating means:associated with said
65 right-of-way for establishing said primary sig-
naling zone, a central. station including at least
" & transmitter and receiver operatively associated
. with sald signal propagating means and operative
-with modulated carrier frequencies; & normally

10
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‘70 operating checksignal source -associated with

_ said central station transmitter for applying
“check signals on sald signal propagating means,
sald signal propagating means including at least
one zonc. receiving and transmitting relay unit,
¥8 said relay unit including means. whereby said
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check signal is recelved with one carrier fre-
quency characteristic and retransmitted with a
different carrier frequency characteristic if said
relay unit is operative,
eratively associated with said signal propagating
means and responsive to said retransmitted check
signal for establishing the integrity of the traffic
communications system. )

10. In & traffic communications system, - an
electrically continuous wayside signal transmis-
sion medium, a central station including a trans-
mitter and receiver coupled to said wayside me-
dium and operative with modulated carrier fre-
guencies, a mobile station including & transmit-

ter and receiver coupled to said wayside medium,

and operative with modulated carrier frequen-
cies, a transmitting and receiving relay -unit,
means for coupling said relay unit with a con-
ductive portion of said wayside -medium, said re-
- lay unit including means whereby a received sig-
nal from either said central station or said mo-
bile station having one carrier frequency charac-
teristic is retransmitted at a different carrier fre-
quency characteristic than the received signal,
said retransmitted. signal being impressed back

and recelving means op-.

10
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onto the said wayside medium with the same

- ductive portion of

7

modulation characteristics “as originally im-
pressed upon the signal at said central station
or said mobile station. ‘
11. In & trafic communications system, an
electrically .continuous. wayside signal transmis-

‘sion medium, a central station including a trans-

mitter and receiver coupled to said wayside me-
dium and. operative with modulated carrier fre-
quencies, & transmitting and receiving relay unit;
means for coupling said relay unit with a con-
said wayside medium, said re-
lay unit including means whereby a received sig-
nal from said central station having one carrier
frequency characteristic is retransmitted at a
different :carrier- frequency characteristic - than
the received signal, said retransmitted signal be-
ing impressed back onto the said wayside medi-
um with the same modulation characteristics as
originally impressed upon the signal at said cen-
tral station and a mobile station including - &
transmitter and a multi-channel receiver cou-
pled to said wayside medium, said multi-channel
receiver being responsive to-all of the modulated
carrier frequencies impressed on said. wayside
medium. ‘
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