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ration of Delaware 
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(Cl. 79—2) 24 Claims. 

This invention pertains to signaling systems 
and more particularly to a system for selectively 
transmitting, by electronic signaling apparatus, 
intelligence addressed to operators of aircraft 
or other vehicles, and/or individuals in various 
portions of an airport or other restricted signal 
ing area. 
With the development of large municipal and 

military airports, in which many runways may 
be installed, a need has arisen for more effective 
and efficient methods of communicating with 
pilots of surface-borne aircraft on various run 
Ways and on aprons of the airport area, without 
further congesting over-taxed radio channels 
or adding to the traffic load carried by radio 
facilities. 

Heretofore information addressed to pilots of 
ground-borne aircraft has been transmitted by 
the normal space radio equipment of the air 
port. Such use of the same radio facilities to 
handle ground and air traffic not only compli 
cates the effective handling of such traffic, but 
seriously delays or prevents altogether the trans 
mission of detailed information to pilots await 
ing take-off. 

Present Systems utilizing normal space radio 
further limit the number of dispatchers who 
may control many ground and air operations at 
the airport traffic control tower. In addition, 
during Wartime, the use of normal space radio 
at Coastal airports and at advanced air bases 
in combat ZOnes, often precludes the transmission 
of important last-minute information to pilots 
immediately prior to take-off for reasons of mil 
itary security. 
With the system of the invention, a surface 

borne aircraft located in any portion of the air 
port area, may be reached independently through 
a Selective SWitching System which, when com 
bined with the employment of controlled-range 
induction signaling means, delineate the signal 
ing Zone in which communication is to be estab 
lished. 

If desired, all aircraft on the ground at all 
parts of the airport area, may be reached simul 
taneously through the same system by means 
under the control of operators in the control 
tower. The System further permits the use of 
a plurality of dispatchers at the control tower, 
each dispatcher being enabled to communicate 
with aircraft in his control area. Without mutual 
interference between adjoining areas, even 
though the same operating frequency is utilized 
for this function. In addition, by means recited 
hereinafter, the electromagnetic induction field 
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utilized in the system of that invention, is effec 
tive only within a relatively short distance from 
each runway area. Radiation of Wave energy 
beyond the confines of the airport area is So lin 
ited that it is ineffective in producing a useful 
signal in receivers beyond a predetermined dis 
tance. Such limitation of range of the ground 
borne traffic communications system prevents 
interference with concurrent space-radio trans 
missions to aircraft in normal flight in the vicin 
ity of the airport, though the same operating fre 
quency may be used for both ground traffic and 
ground-to-plane communications Services. 
The lack of space radiation of effective wave 

energy beyond the confines of the airport, further 
precludes interception of information, addressed 
to pilots of military aircraft, by unauthorized 
persons or by enemy forces having receivers 
Which may be located within a short distance of 
the airport beyond the effective induction signal 
ing range. 
The present invention as described herein, is 

applied illustratively in airport communications 
service, wherein the System is utilized in two 
way signaling between operators of aircraft or 
other personnel on or adjacent runway or apron 
areas and a central control point, such as an 
airport control tower, Without radiation of radio 
wave energy beyond a predetermined lateral dis 
tance from the transmitting System. Such illus 
trative application does not, however, restrict the 
use of the same System for other purposes. 
In the present disclosure a ground-laid or sub 

Surface transmission line or Wave guide is used 
for the purpose of employing the induction field 
of the energized transmission line to establish a 
localized signaling Zone adjacent the transmis 
sion line. By utilizing this system it is possible 
to employ transmission lines on an airport in such 
a manner as to have the transmission lines and 
their respective Signaling zones extend angularly, 
or toward a Common point so that they may con 
Verge. Also, a single transnission line may be 
utilized so that by increasing the signaling energy 
impressed thereon, the effective signaling area, 
may be increased so as to cover an entire air 
port. Thus, one of the transmission lines em 
ployed for an independent runway may be used 
to provide the entire airport With effective sig 
naling coverage. When this is done, the trans 
mitter aSSociated with this particular runway 
may be used. 

However, if the particular runway does not 
happen to fit in With the desired location of the 
transmission line, then an individual transmis 
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Sion line may be employed. With One of the regul 
lar tra,nSmitters, or an independent transmitter 
may be installed to take care of the transmis 
Sion line Which is to be used for embracing the 
desired airport coverage. 

In the present disclosure the signaling Zones 
are established so as to create a plurality of in 
dividual signaling zone patterns, with the major 
axes of the individual signaling zones converging 
at substantially a common point. The trans 
mission lines are connected at one end thereof 
to their respective transmitters, and are termi 
nated at the opposite ends thereof somewhere 
along the runway, which point is frequently be 
yond the converging point of the different sig 
naling ZOnes, as set forth in the present dis 
closure. 
An individual transmitter, preferably, is uti 

lized for each of the transmission lines, while a 
central control unit usually located in the signal 
control tower, is connected directly with each 
of the individual runway transmitters. 
A Switching System is located in the central 

control tower, or control unit so that there may 
be a Selection of the particular runway transmis 
sion lines upon which it is desired to impress sig 
nal intelligence, particularly of the voice type of 
Communications. 
The contro toWer and the individual contro 

units are both equipped so that the individual 
runway or Zone transmitters-receivers may be 
USed and monitored from either the location of 
the runway transmitter or control tower. In the 
absence of speech communication from the con 
trol tower or the individual runway transmitters, 
a signaling tone is impressed upon the various 
runway transmission lines. In this way there is 
always signal supervision of the runways per se 
by either a tone, which may be keyed, or voice 
Communication. V 

In the absence of Voice communication im 
preSSed upon the runway transmission lines, a 
checking tone, either keyed or constant, is im 
preSSed upon the transmission lines. 
VVhen the operator of the central contro unit 

Operates the key to cut in the runway transmit 
ter and receiver, the tone from the transmitter 
of that particular runway is automatically dis 
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may be established on a common frequency with 
out interference between adjacent Zones, said 
communications being controlled from a central 
point. 

It is a further object of the present invention 
to provide a signaling System for surface-borne 
traffic wherein one or more localized signaling 
Zones are established by controlling the lateral 
extent of an induction field surrounding a me 
tallic conductor extending substantially parallel 
to a lane of traffic. 

It is an additional object of the present inven 
tion to provide an induction signaling system 
wherein the effective signaling range contiguous 
to a particular runway or other area, may be con 
trolled by a variable attenuator associated With 
the particular runway or other area, without 
varying Substantially the output loading of the 
transmitter or affecting its modulation. 

It is a further object of the invention to pro 
Wide an induction signaling system. Wherein the 
effective signaling range may be established by 
Controlling, in predetermined stages, the amount 
of attenuation of carrier energy impressed on a 
transmission line, thereby regulating the desired 
effective signaling coverage within a given area. 

It is an object of the present invention to pro 
Wide a Selective communication and signaling 

- System for surface-borne traffic. Wherein localized 
30 Signaling ZOnes have their major axes converging at Substantially a common point. 

It is a further object of the invention to pro 
vide a signaling system wherein a plurality of 
individual transmitters or transmission lines em 
ployed in establishing communications in various 
converging signaling zones are selectively con 
trolled from a central control unit. 

It is a further object of the invention to pro 
-. Vide a signaling system for surface-borne traffic 
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continued and the central control unit may then 
control and monitor the runway transmitter. 
Visual indicating means, selectively actuated by 
signal energy received from a mobile unit on or 
adjacent a particular runway, is also embodied 
in the central Control equipment of the System 
of the invention to designate the Specific con 
munications channel and runway being utilized. 

Signal attenuators, which may be adjusted to 
effect a desired lateral extension of the induction 
signaling field about a particular runway area, 
may be disposed in each runway transmission 
line circuit, and located adjacent each runway 
transmitter, or these attenuators may be located 
on a single panel in the control tower to enable 

50 

60 

the Operator to regulate the extent of the signal- - 
ing field with respect to each runway, or the en 
tire field area, as desired. 

It is an object of the present invention to pro 
wide a System of communicating with surface 
borne traffic in an individual signaling zone, with 
surface-borne traffic in a multiplicity of signal 
ing Zones, or concurrently with air-borne traffic. 

It is an object of the system of the present in 
wention to provide a selective signaling System 
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for surface-borne traffic wherein communications 
with traffic in various adjoining signaling zones 5 

Wherein a plurality of combination transmitter 
receiver units associated with trafic lanes or par 
ticular Zones within a given area are controllable 
from a central point, with supervisory aural and 
visual indicators located at the central control 
point. 

It is a further object to provide means for Se 
lective transmission of intelligence to surface 
borne traffic, said means including a plurality of 
individual transmitter-receiver units selectively 
controllable from a central point, said means also 
effecting transmission of a regularly recurrent 
tOne signal to said traffic in the absence of voice 
communications. 
With certain of the objects set forth herein, it 

is to be understood that many other objects may 
be and may become apparent to one skilled in 
the art from a perusal of the disclosure herein 
and the subjoined claims. 

In the drawings: 
Fig. 1 represents, in Schematic form, a typical 

plan view of an airport having a plurality of in 
tersecting runways with transmission lines or sig 
naling conductors disposed along or adjacent the 
runways, and runway transmitter-receiver units 
for the individual runways controllable from a 
central control unit in communicating with sur 
face-borne traffic. 

Fig. 2 is a block diagram. With more complete 
legends to pictorially represent the disclosure of 
Fig. 1. 

Fig. 3 is a Schematic diagram of a central con 
trol unit having selective switching means for 
controlling a plurality of individual runway 
transmitter-receiver units, the central control 
unit having aural and visual signal units therein, 
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and means for impressing voice communications 
upon the signal System. 

Fig. 4 is a schematic diagram of a runWay 
transmitter-receiver unit which is controllable 
from a central control unit and which trans 
mitter-receiver unit has means for keying a tone 
On the runway transmitter in the absence of voice 
COmmunication thereon. 
To avoid confusion in terminology, it is point 

ed out that any reference to surface-borne traf 
fic means any traffic that is borne directly or 
indirectly on the surface of land, or water, the 
deck of a ship, runways of any kind, structures 
generally, or substantially immediately adjacent 
thereto. 
Any reference to a signaling System, or com 

munication System refers to any System. Wherein 
intelligence of electrically transmittable nature 
may be provided for the ultimate use of the Op 
erator of a unit of Surface-borne traffic. 
Any reference to a transmission line, Wave 

guide, or induction cable means any conductor 
Which may be USed to provide a localized Sig 
naling zone, Whether or not it is a single con 
ductor having the end opposite the transmitter 
grounded, a metallic conductor such as a power 
or telephone line wherein the signal intelligence 
is superimposed thereon, or whether one or more 
conductors are utilized having a suitable termi 
nation unit adjacent the end opposite the radio 
transmitter. In general, any conductor may be 
employed that will permit suitable establishment 
of an adequate induction signaling field. 

Referring to the illustrations in detail, Fig. 1 
represents, in schematic form, a typical plan view 
of an airport for a plurality of intersecting run 
Ways , f , 2 and 3, runway signaling con 
ductors, or transmission lines 4, 5, 6 and i, 
asSociated respectively. With each of said run 
ways, runway cables, and a plurality of trans 
mitters 8, 9, 20 and 2, also associated respec 
tively With each of Said runways. Connecting 
each of Said runway transmitters are remote con 
trol lines 22, 23, 24 and 25. The control lines, 
as illustrated, terminate at a central control point, 
or dispatch station 26, commonly within the con 
trol tower of an airport. Also controllable from 
the same central unit is a space radio transmitter 
and receiver 2, of any conventional type, with 
its controlline 28. 
In order to accomplish carrier signaling via 

the same general communications System, a wave 
guide, transmission line, or signaling conductor, 
installed between the various hangars, such as 
33A and 33B, and the central control unit 26, is 
utilized. 

If transmission lines, such as 29A and 29B, 
are employed, these lines are terminated at their 
far ends by means of matching, or termination 
networks 3A and 3B. 

However, if conductors, such as 29A and 29B, 
are power lines, the termination unit or net 
Works, such as 3 A and 3B, will not be employed. 
At the far ends of each of the transmission 

lines, such as i, 5, 6, and , associated with 
the runways, the transmission lines are termi 
nated by a matching or termination network 34, 
35, 36 and 3, respectively, similar to termina 
tion networks 3A and 3B. 

Referring to the block diagram of Fig. 2, the 
central control unit 26 includes a selective switch 
ing mechanism for Selecting any runway trans 
mitter, or operating all transmitters simultane 
ously as desired by the airport dispatcher. In 
cluded with the central control unit is a speech 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
amplifier 38, handset 39, with microphone 4S, 
receiver 4 and loudspeaker 42. Runway trans 
mitter No. 1 (shown in legend) corresponding to 
8, Fig. 1, is connected with an induction cable 
Or transmission line 4 and termination unit 
34, indicated in Fig. 1. The remote control cir 
cuit 22 is connected to the selective switching 
mechanism portion of the central control unit 26. 
In order to effect two-way communication, the 

aircraft on Specific runways, or on One runway 
if desired by the airport dispatcher, utilizes run 
Way No. 1 (shown in legend), such as receiver 
43 (shown dotted), which is associated with its 
respective transmitter, such as 8. The output 
circuit of receiver 43A, 4.3B, 63C, and 43D may 
be connected by means of circuit, 44A, 4.4B, 4C, 
and 44D With the selective Switching mechanism 
of the control unit 26, as shown. The runway 
receiver employs the same transmission line in 
reception that is utilized by runway transmitter 
i8 in transmission. The method employed in 
effecting two-way operation of the receiver and 
transmitter may be better understood after read 
ing the deScriptive material pertaining to Figs. 
3 and 4. In Similar manner, a receiver associated 
with each of the runway transmitters may be 
connected to the control unit. It is pointed out 
in this connection that the receiving unit may 
be employed with the transmission line, if de 
sired, in receiving modulated carrier energy 
from a normal airplane located within the ef 
fective signaling range of the induction field of 
the airplane transmitter. 
In limited range transmission from the air 

craft, the aircraft transmitting system is oper 
ated without the aircraft antenna connected. In 
other words, the electromagnetic field surround 
ing the aircraft's power Supply, cables, and radio 
equipment develops a localized induction field 
which embraces the transmission cable. The 
Voltage induced in the runway cable or Wave 
guide from the local aircraft transmitter is there 
upon amplified, rectified by the receiver, and is 
impressed on the control circuit leading to the 
control tower. It is also pointed out that the 
lunWay receiver may be kept in Operation during 
dispatcher's transmitting periods as well, there 
by serving as a remote monitoring device at the 
runway transmitting point. 
In Fig. 2, the runway transmitters No. 1, 2, 3, 

and 4 are designated by character references 8, 
is, 20, and 2 with transmission lines A, 5, 6, 
and , respectively. The receivers for the re 
Spective transmitters are shown dotted with re 
Spective connecting circuits from the receivers 
to the control unit 26. 

Fig. 3 represents a detail drawing of the selec 
tive Switching, mechanism employed in the cen 
tral control unit 26. The microphone 40 of the 
handset 39 is connected to microphone amplifier 

whose output circuit is connected to line trans 
former-5i. The press-to-talk switch 52 of hand 
set 39 is connected in Series with relay coil 53 and 
a Source of E. M. F. 54. Upon closing SWitch 52, 
the contacts 55 of the relay 53 are closed. This 
applies voltage from source of E. M. F. 54 across 
lines 56. Condenser 57 is employed between the 
two halves of the output secondary Winding of 
transformer 5 as shown. The control Voltage 
applied to lines 23 will be impressed upon the 
control lines 22, leading to runway transmitter 
No. 1 (8) When the dispatcher presses the lever 
58 of the control switch 59 in a downward posi 
tion, thereupon closing contacts 60 and 6. Voice 



2,405,501 &?? 
7 

energy applied to microphone amplifier 5 by 
means of microphone 40 may be impressed on 
lines 22 or 23, or both, through line transformer 
5. A speech level meter 62 is employed across 
the input winding of line transformer 5, as 
ShoWn. As long as the lever 58 of control switch 
59 is in a downward position, speech energy as 
Well as D. C. control voltage from source of 
E. M. F. 54 will be applied to control lines. 22. 
In similar manner, by control of movement of 

lever 64 associated with switch. 65, D. C. control 
voltage as well as voice signal energy may be 
impressed on control lines 23, connected with 
runway No. 2 transmitter (9). Should the dis 
patcher wish to talk over both runway trans 
mitters simultaneously, he would depress the 
levers 58 and 64, associated with switches 59 and 
65, respectively. 

Referring in further detail to Fig. 3, the re 
ceiver 4 of handset 39 is connected through vol 
ume control 6 to the output circuit of an audio 
frequency amplifier 68. The amplifier 68 is con 
nectable to lines 44A, associated with the output 
circuit of runway No. 1 receiver (43A). In the 
diagram, the lines 44A are connectable with the 
headphone amplifier 68 when control lever 58 is 
in the transmit position. In this manner, signal 
voltage from runway No. 1 receiver is fed back 
into headphone is , thereby serving as a monitor 
ing device and indicating to the operator that 
runway No. 1 transmitter is functioning properly. 
In two-way communications service, the output 
of runway No. 1 receiver is connected through 
amplifier 7, and volume control 7, to a loud 
Speaker 72. In order to provide visual indication 
at the dispatching point as to which runway re 
ceiver is responsive to an aircraft transmitter, 
Irectified signal energy supplied by amplifier Te 
is impressed on the input of a rectifier unit 73, 
the output of which is connected to the winding 
of relay 7. Upon closing of the contacts 5 of 
relay 4, a visual indicator 76 is energized. By 
means of a translucent disc 7, on which the 
lumber of the runway is impressed, the dis 
patcher can tell quickly which runway system is 
responsive to signal energy. 

In similar manner, Signal energy on receiver 
lines 4.4B is impressed on the input of headphone 
amplifier 68 and receiver 4 during periods in 
which runway No. 2 transmitter is being em 
ployed. Likewise, signal energy from runway 
No. 2 receiver is impressed on the input circuit of 
amplifier 8, volume control a2, and loudspeaker 
83. Signal energy from amplifier 8 is rectified 
by means of rectifier 84 and thereafter serves to 
energize the winding of relay. 85. Closure of 
contacts 86 applies energizing voltage to lamp. 87 
and therefore illuminates translucent channel 
identifying disc 88. 

It is pointed out that the channel-identifying 
means 77 and 88 are illuminated during trans 
mitting periods when runway No. 1 transmitter 
and runway No. 2 transmitter are being en 
ployed, thus Serving as a visual check on proper 
operation of the remote runway transmitters. 

Referring to Fig. 4, D. C. energizing voltage 
from transmitter control lines, such as 22, is ap 
plied to relay 90. Relay armatures 9 and 92 
in moving to the upper contacts 93 and 94 re 
Spectively apply Such signal energy to the input, 
winding of line transformer 95. D. C. keying 
voltage is prevented from short-circuiting to 
ground through the input winding of transformer 
95 by means. Of condenser 96; Woltage from the 
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8 
secondary winding of line transformer 95 is im 
pressed on the grid of vacuum tube 97 through 
potentiometer 88, as shown. Amplified signal 
energy is thereupon impressed upon the grid of 
amplifier tube modulator 98' through coupling 
condenser 93 in Well-known manner. The Sec 
ondary winding of modulation transformer 99' is 
coinnected through plate milliam meter 0 and 
R. F. choke 0 to the plate and screen grid cir 
cuit of the R. F. power amplifier tube f2 in 
conventional manner. R. F. energy from a 
crystal oscillator tube 03 is impressed on the 
grid of power amplifier 02 through coupling 
condenser i 943, as indicated. Plate tuning con 
denser 05 and loading condenser 96 together 
with plate inductor of constitute the Output cir 
cuit network of the power amplifier tube 62. 
R. F. energy is thereafter applied to an R. F. 
attenuator unit 8 through Coupling con 
denser 9. 
In connection with R. F. resistive attenuator 

llniú, i 88, it is pointed out that by the meanS Of a 
variable attenuator, preferably having resistors 
arranged in T-pad connection, as shown in Fig. 4, 
it is possible to control the amount of R. F. energy 
applied to the transmission line 9 without vary 
ing the output load of the transmitter or affect 
ing its tuning or modulating adjustments in any 
Way. This is important inasmuch as a constant 
load across the transmitter Will enable the trans 
mitter to be properly modulated at all times. 
The variable attenuator 88, by maintaining a 
Substantially constant load Will not, as it is ad 
justed to control the amount of power impressed 
On the line, affect the modulation of the trans 
mitter. Furthermore, by maintaining a sub 
stantially constant resistive load across the trans 
mitter, difficulty With harmonics or with spurious 
radiation is greatly reduced. Reduction of har 
nonics is an important factor in the effective 
operation of the system described herein for the 
reason that the A/27t relationship is based on fre 
quency With respect to lateral extension of the 
induction field from the transmission line. 

It is pointed out that the attenuator normally 
is of the step-by-step type, that is, the various 
portions of the T-section are brought into the at 
tenuator circuit by means of a gang-switch with 
Which the Various resistors are connected in a T 
pad arrangement. The various steps, or operat 
ing positions of the Switch, may be numbered or 
graduated in terms of feet so as to facilitate the 
provision of a predetermined lateral extension of 
tile induction signaling field with respect to the 
position of the attenuator switch. In this man 
ner an operator may, by turning a particular at 
tenuator, Such as attenuator i 98A, Fig. 1, asso 
ciated with transmission line 4 on runway 6, 
to a designated position on the attenuator scale, 
rægulate the lateral extent of the induction sig 
jaling field from a normal runway coverage 
(shown in Fig. 1 as arrows F normal which ex 
tend either side of the transmission line to Y-Y') 
to the extended range of the induction field so 
aS to cover the entire airport area by utilizing 
transmission line A. The maximum extension of 
the induction field, with maximum signaling set 
ting of the attenuator, is shown by the arrows of 
I F maX., which extend laterally equidistant 
either side of transmission line 4 to the outer 
boilidaries designated by X-X'. 

In practical installations of the system of the 
invention the attenuators associated with the 
various runways as well as the runway transmit 
ters. and receivers may be located in the central 



2,405,501 

control tower so that the control operator may 
vary the extent of the signaling field of any run 
way, or cover the entire field from any runway 
system as desired. For the latter purpose, if 
desired, the different attenuators may be ganged 
together on a single shaft, or by a suitable mech 
anism in Such a manner that a single control 
dial Will adjust all attenuators simultaneously 
and thereby vary the induction field about all 
runways simultaneously. 

In instances where it is not convenient to locate 
the attenuators in the control tower, and where 
it is desirable to regulate the induction field 
from time to time, the various attenuators may 
be remotely controlled by means of line connec 
tion with the control tower by any well-known 
remote control mechanism, such as self-syn 
chronous motors, relays, or step-by-step switches. 
A “transmit-receive' relay 50 is in parallel 

with relay 27 so that relay 50 is energized at the 
Same time as relay 2. The R. F. energy after 
attenuation is applied to contact 5 which en 
gages armature 52, which armature is connected 
to the induction cable or wave guide 09. When 
the "transmit-receive' relay is de-energized, the 
induction cable or wave guide 9 is connected to 
the condenser 62 of the receiver due to the arma 
ture 52 engaging the lower contact 53. A vari 
able resistor 54 is connected from the grid of 
tube 6 to ground by means of contact set 55 
When the “transmit-receive” relay l 5e is ener 
gized so as to be in the transmit position. The 
purpose of the parallel resistor 54 is to ground 
the grid of tube 6 when the transmitter is in 
operation so that it prevents “blocking' of the 
receiver by preventing excess energy from being 
impressed upon the grid of tube 6. The block 
ilg resistor 54 also reduces received signal ener 
gy Suficiently to prevent acoustic feed-back dur 
ing periods of transmission between the loud 
Speaker and microphone at the central point. It 
will be observed that the shunting resistor 54 
is variable. When the “transmit-receive' relay 
is de-energized or in the receive position, the 
Shunting resistor 54 is excluded from the circuit. 4 
. In Order to provide a regular check on the in 
tegrity of the communicating system, an auto 
matic motor-drivem pulsing switch : S is em 
ployed in automatically energizing the transmit 
ter and concurrently modulating the transmitter 
With an audio frequency tone signal. The man 
ner in which this functions has been outlined in 
Some detail in the copending Halstead applica 
tion Ser. No. 350,972 for Radio traffic control 
System. 
A can t8 operated by electric motor I, dur 

ing rotation, closes the contacts 8, 9 and 20 
aSsociated with Switch i 5. Audio frequency sig 
hal energy from audio frequency oscillator 2 
is impressed on the primary winding of line trans 
fOI'mer 5 through coupling condensers i 25 and 
26 as long as armatures 9 and 92 of relay 9 

are in normal downward position, as shown. The 
contacts 20 of motor-driven switch 5 apply 
D. C. exiergizing voltage derived from bleeder 
resistor 38 to the winding of relay 2 as indi 
cated in Fig. 4, as long as armature 3 of relay 
9 is in the normal or downward position, shown 
in illustration. Upon application of D. C. volt 
age to Winding of relay 2, contacts 32 and 
33 of relay 27 are closed. Closing of contacts 
32 applies plate voltage to the transmitter, as 
shown. Contacts 33 of relay 27 are not utilized 
during automatic pulse transmission but are pro 
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10 
vided in order to apply voltage to the microphone 
4 of a local handset é. 
It will be understood, after reading the fore 

'going and after a study of the diagram, that the 
motor-driven SWitch Will automatically apply 
D. C. energizing Voltage, as well as an audio fre 
quency signal to the transmitter, thereby caus 
ing it to emit an audio frequency tone signal at 
regular time intervals. In order to permit speech 
transmission without interruption by the auto 
matic pulse system, the lower contacts 42 and 
43 of relay 9 are disconnected from armatures 
9 and 92 as long as remotely controlled relay 
90 is energized from the central control point. 
In Order to permit priority of control from the 
central control station in the event that the local 
handset 4 is to be employed, D. C. energizing 
Voltage can only be applied to winding of relay 
2 as long as armature f3 f is resting against 
lower contact 45 as shown. In this manner, if 
the dispatcher wishes to utilize the transmitter, 
relay 9, upon closing, will break the control 
circuit between the press-to-talk switch 46 of 
handset 4 and the control relay 27, as shown 
in the diagram. 

Local handset 4 is utilized ordinarily in talk 
ing from a taxiing point to a plane on a specific 
runway, whereas handset 39 is utilized by the 
dispatcher, who will have Supervisory control of 
all run Way Operations. - 
A Small amount of R. F. energy is fed through 

a tuned input circuit 6 of detector tube 6 
through Variable coupling condenser 62, as 
shown. Demodulated signal energy is applied 
to the grid of audio amplifier tube 63 through 
Coupling Condenser 64 and potentiometer 65, 
as illustrated. Amplified signal energy from au 
dio amplifier tube 63 is applied to the primary 
of output transformer G6, the secondary of 
Which is connected to the receiver element 6 of 
handset 4 . The secondary winding is also con 
nected to the receiver line 44 associated with the 
runway transmitter and receiver control circuits. 
In order to prevent interference by the auto 

matic pulsing signal during reception of signals 
from mobile or other transmitters Within the Sig 
naling Zone, relay 7, connected in shunt with 
plate resistor i G, is employed to automatically 
Suspend pulse transmission whenever carrier 
Wave energy is being received from transmitters 
other than that associated With the receiver. 
This relay is actuated by increase of plate cur 
rent in the detector tube 61 during reception 
of carrier Wave energy from a nobile unit or 
other external transmitters. The contacts 3 
of relay 7 are opened during reception of car 
rier Wave energy from an external transmitter, 
thereby opening the automatic pulse keying cir 
cuit in which contacts 20 and 3 are in series 
connection. This suspends the pulse transmis 
sion as long as the carrier from an external 
transmitter is being received. Contacts 74, as 
Sociated with transmit-receive relay 50, are in 
parallel with contacts 3 and are closed during 
perods in which the transmitter associated with 
the detector 6 is energized. This assures con 
tinuation of pulsing when the transmitter asso 
ciated with the receiver is in operation, and pre 
vents interruption of pulse transmission by the 
opening of relay contacts 73. Condenser 72, 
disposed in parallel across the winding of relay 
7, is an R. F. by-pass condenser. 
It will therefore be seen that through the sys 

tem of the invention it is possible to establish 
restricted-range two-way communications, with 
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automatic checks on the integrity of the system, 
between a control point and aircraft or other 
units adjacent a particular runway, or between 
a control point and aircraft on all runways si 
multaneously. 

It is also pointed out that, with the same Sys 
tem, communications may be established with 
personnel in hangars or other fixed points of the 
airfield area. This function is effected in a man 
ner similar to that described above by means of 
transmission lines 29A and 29B associated with 
hangars 33A and 33B, respectively. Zone trans 
mitter 80, which is controllable from the central 
control unit 26, is employed to supply carrier 
Wave energy to transmission lines 29A and 29B, 
while attenuator units 8A and 8B, similar 
to attenuator 68 of Fig. 4, are employed in reg 
ulating the amount of R. F. energy on trans 
mission lines 29A and 29B, respectively. Termi 
nation units 3A and 3B, equivalent to the net 
Work in which variable resistor if, Fig. 4, is a 
part, are employed at the termination of trans 
mission lines 29A and 29B, respectively. By 
means of properly regulating the R. F. attenu 
ators 8A and 8B and termination units 3A : 
and 3 dB, the lateral extent of the effective in 
duction signaling field may be expanded to in 
cludes the 'aprons' and other parts of the field 
in addition to the hangar area. In this con 
nection, it is pointed out that, in similar man 
ner, a single transmission line on the field, such 
as 4, Fig. 1, may provide, by proper regulation 
of the attenuator and termination units, such 
as 08, and the network - 2, respectively 
(Fig. 4), associated with the transmission line, i. 
an effective induction signaling field having a 
lateral and longitudinal extension Sufficient to 
cover, with military security, a wide area, in 
cluding all buildings and other points within the 
desired signaling Zone. In event of bombing, or 
in other emergencies, when certain transmission 
lines, such as 29A and 29B, might be rendered 
unserviceable, any operative transmission line 
within the signaling area, may be brought into 
Service to provide the necessary communications 
facilities for the entire area, without space radia 
tion of Wave energy which could be detected at a 
distance of approximately a mile or more from 
the airport. 
The attenuator, such as 108A in Fig. 1, may 

be adjusted to vary the intensity of the signal 
strength impressed upon the transmission line. 
The lateral extent of the normal induction sig 
naling field employed for individual runway com 
munications is schematically represented in Fig. 
1 by legend “IF normal.' The legend IF normal 
is associated with arrows on either side of the 
transmission line 4 and extends substantially 
equidistant on either side thereof to the broken 
lineSY-Y. 
The attenuator, such as f08A, may be adjusted 

to increase the lateral extent of the induction 
signaling field to a maximum which is indicated 
by legend “I F max.' The legend I F max. is 
associated With arrows on either side of the trans 
mission line 4 and is schematically represented 
as establishing an effective signaling area to the 
extent of the broken lines X-X'. The maximum 
effective induction field extends substantially 
equidistant on either side of the transmission line 
it. In the drawings, the portion of the maximum 
induction field on one side of the transmission 
line 4 is represented as 208. While the arrow 
I F max, on both sides of the transmission line 
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here that limitations of space on the drawing 
paper prevents the suitable extension of this line 
to equal the length of the arrow on the opposite 
side of the transmission line 4. The extent of 
the arrows II F max., however, is clearly repre 
sentative that the maximum induction field em 
braces the entire airport area, or desired effective 
signaling area. 

It will therefore be seen that, by the proper 
choice of frequency, proper type of transmission 
line, proper regulation of amount of R. F. en 
ergy impressed on the line, and proper termi 
nation of the line, an effective induction signal 
ing field, which may be controlled within definite 
predetermined limits With regard to lateral and 
longitudinal extension of the field, may be estab 
lished in Such manner as to blanket a given area 
Without need for a conventional radio system uti 
izing an antenna, and its attendant propagation 
of radio Wave energy over distances which are 
relatively unpredictable. 

It is pointed out, however, that in airport in 
stallations of the System of the present invention, 
means have been incorporated for selectively en 
ergizing a Space-radiating transmission system, 
employing a conventional antenna, for use in 
communicating with planes in the air, or with 
other mobile units at an appreciable distance 
from the airport, when military security permits 
the employment of conventional radio system. If 
desired, both the induction signaling system, and 
the space-radiation system with its associated 
antenna, may be operated on a common frequency 
Without causing interference in air-borne receiv 
ers from Signals transmitted by the induction sys 
tem used for ground-communications, Such com 
mon-frequency operation presents an advantage 
in certain cases where standard aircraft receivers 
are employed and where it is undesirable, from an 
operations viewpoint, for aircraft personnel to 
retune their receivers from the ground frequency 
to the airway frequency, or vice versa, in leaving 
the field, or in landing cn the field. Inasmuch as 
the entire System, including both the induction 
Signaling and space radiation methods, is under 
continuous Selective control of the airport opera 
tor, transfer of communications from the ground 
System to the airways System may be made in 
Stantly. 

It is anticipated, however, that inexpensive in 
duction radiotelephone receiving equipment, 
tuneable over the range of frequencies employed 
in the ground signaling system and pretuned to a 
designated ground frequency in this band, will 
be employed as standard equipment in aircraft 
to completely divide the communications load at 
airports, thus differentiating between ground and 

In this application, the induc 
tion receiver, pre-tuned to the ground communi 
'cations frequency, will be utilized by aircraft and 
by other mobile units, or by key personnel, in all 
ground operations, while the conventional air 
craft radio receivers will be employed as at pres 
ent for communications with aircraft in flight. 

It is also pointed out, that the system of the 
invention, in addition to its provision of voice 
communication means individual to each zone, 
also discloses means whereby visual signals ac 
tuated by a signal received from an aircraft on 
a particular runway or adjacent the runway, as 
in landing or in taking off, Will visually indicate 
in the control tower the presence and location of 
the vehicle With respect to a particular runway. 
The runway is usually identified by the appear 

f4 should be the same length, it is pointed out 75 ance of an illuminated numeral on the control 
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panel in the control tower during periods when 
the operator of an aircraft. On the runWay is trans 
mitting signals to the control tower. 
The system of this invention utilizes, the con 

centrated electromagnetic induction field Sur 
rounding a ground-laid cable, in contradistinction 
to the space radiation field which normally ex 
ists about ordinary antenna, Systems beyond dis 
tances of X/2at, where X is the wavelength in me 
ters. The relationship between the induction and 
radiation fields about the transmission line uti 
lized in the illustrative application of the in Wein 
tion is such that at a distance of A/2t, the induc 
tion field equals the radiation field. At distances 
less than X/2at the induction field predominates, 
and becomes much stronger than the radiation 
field as the distance from the transmission line 
is decreased. At distances greater than A/27t the 
induction field falls off rapidly, and the radiation 
field predominates, decaying inversely as the dis 
tance. 
The attenuation network permits the adjust 

ment to a substantially predetermined value of 
the total field, that is the induction field plus the 
radiation field, at a distance of A/27t. Normal 
practice is to restrict the total field strength at 
this distance to the noise level, which is normally 
about 15 to 20 microvolts per meter at frequencies 
in the 200 to 400 kc. hand, which have been en 
ployed in practical applications of the invention. 

It should be noted that the restriction of the 
total field strength to 15 microvolts per meter at 
a distance of A/27t, which equals 500 feet at 300 kc., 
will result in a radiation field of about 5.2 micro 
volts per meter at a distance of 1000 feet, and that is. 
this is about one third of the normal noise level 
encountered at this frequency. Therefore, the 
signal will not be detectable, even though excel 
lent communication is possible at distances of 200 
or 300 feet from the transmission line of the Sys 
tem of the invention. 
The termination unit is employed to match the 

impedance of the transmission line at its far end. 
When properly adjusted, this unit restricts the 
formation of standing waves on the transmission 
line, thereby producing a substantially uniform 
response in receivers on vehicles traversing the 
length of the line between the attenuator unit 
and the termination unit. 

If the field were not uniforn, and standing 
Waves existed on the line, much higher field 
strength at the antinodes WCuld be required in 
order to produce a uniform signal in receivers in 
various parts of the signaling ZOne extending 
parallel to the transmission line. Such increase 
in field strength, which would counteract the 
null points, would produce a radiation field which 
would be effective at distances of several miles 
and possibly farther. 
The distance at which this method of induc 

tion signaling is effective is, of course, depend 
ent upon the amount of radio frequency energy 
impressed on the transmission line, as deter 
mined by the setting of the variable attenuation 
network, as well as the attenuating characteris 
tics of the line at its operating frequency. 

It is obvious that with a system of this type, 
in which the total induction and radiation fields 
are limited to predetermined distances within a 
given area, receiving devices located outside of 
the area will not be effected, and therefore, com 
munications cannot be intercepted. It is also 
possible with a system of this type, to provide re 
stricted range communications Services on a conn 
mon frequency in adjoining areas Without mu 
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14 
tual interference. This feature is of importance 
in closely spaced airports, or in railroad terminal - 
areas where several railroads have terminal far 
cilities within a short distance of each other. 
What we claim as new and desire to Secure by 

Letters Patent of the United States is 
1. An electrical signaling System for communi 

cating intelligence to and fron nobile units in 
a plurality of traffic zones from a single control 
point, comprising an electronic tra,ISnitter aid 
receiver for each of Said traffic Zones, a plurality 
of separate transmission lines one disposed along 
each individual ee of said traffic zones and indi 
vidual thereto, each one of Said transmission 
lines baing connected directly to its respective 
electronic transmitter and receiver, all said 
tralasiliitters being controllable from said single 
control point, a central conti'ol unit disposed at 
said single control point, metallic conductors 
connecting each of said trafic Zone electronic 
transmitters separately to the cential control 
unit, and switching means positioned wholly at 
the central control unit, for selectively completely 
connecting one or more of said electronic trans 
Initters directly with the central control unit, and 
independentiy of any other transmitter or any 
switching device not so positioned. 

2. An electrical signaling system for communi 
cating intelligence to mobile units in a plurality 
of traffic zones, from a single central point, con 
prising an electronic transmitter and receiver for 
each of said traffic zones, a plurality of separate 
transmission lines, one disposed along each indi 
vidual one of said traffic zones, each said trans 
mission line being connected to its own respec 
tive electronic transmitter and receiver inde 
pendently of any other transmission line, a cen 
tral control unit, a separate circuit for connect 
ing each one of said electronic transmitters and 
receivers directly to the central control unit, and 
switching means located wholly at the central 
contro unit for Selectively connecting one Or 
more of Said electronic transmitters and receiv 
ers with the central control unit, independently 
of any other transmitter, or any other switching 
device not so located. 

3. A traffic signaling system for communicat 
ing signal intelligence to and from trafic unitS in 
a plurality of traffic zones individually con 
trolled from a single central point, comprising 
an electronic transmitter and receiver for each 
of said traffic zones, a discrete transmission line 
disposed along each of Said traffic lanes, each 
said transmission line being connected directly to 
its respective electronic transmitter and receiver, 
independently of any other transmitter, a cen 
tral control unit, a plurality of conductive chan 
nels, each separate conductive channel connect 
ing one only of said electronig transmitters and 
receivers directly to the central control unit, in 
dependently of any other transmitter, Selective 
switching means located completely at the cen 
tral control unit for selectively and directly con 
necting one or more of said electronic transmit 
ters and receivers with the central control unit, 
independently of any other transmitter, or any 
distant switching device, and a microphone and 
an aural signal device selectively connectable di 
rectly to each of said electronic transmitters and 
receivers, said switching means located wholly at 
said central control unit acting to establish all 
said connections independently of the position of 
any traffic unit in any Zone. 

4. A traffic signaling system for communicat 
ing signal intelligence to traffic units on a plural 
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ity of diverging traffic lanes comprising an elec 
tronic transmitter and receiver for each of Said 
traffic lanes, a transmission line disposed along 
each of said traffic lanes, said transmission line 
being connected to each of its respective elec 
tronic transmitters and receivers, a central con 
trol unit, conductors connecting each of said 
electronic transmitters and receivers to the Cen 
tral control unit, selective switching means at the 
central control unit for selectively connecting one 
or more of said electronic transmitters and re 
ceivers with the central control unit, a micro 
phone and an aural signal device connectable to 
each of said electronic transmitters and receiv 
ers, and a microphone and an aural signal device 
connectable at the central control unit to the 
various electronic transmitters and receivers 
When the selective Switching means is in opera 
tive position connecting the central control unit 
with any of the electronic transmitters and re 
ceiWerS. 

5. A traffic signaling system for communicat 
ing signal intelligence to traffic unitis on a, plu 
rality of diverging traffic lanes comprising an 
electronic transmitter and receiver for each of 
said traffic lanes, a transmission line disposed 
along each of said traffic lanes, said transmission 
line being connected to each of its respective elec 
tronic transmitters and receiverS, a central COn 
trol unit, conductor's connecting each of Said 
electronic transmitters and receivers to the cen 
tra contro unit, selective switching means at 
the central control unit for selectively connecting 
one or more of said electronic transmitters and 
receivers with the central control unit, a micro 
phone and an aural signal device connectable to 
each of said electronic transmitters and receiv 
erS, a microphone and an aural Signal deVice con 
nectable at the central control Unit to the Wari 
outs electronic transmitters and receivers when 
the selective switching means is in operative 
position connecting the central control unit with 
any of the electronic transmitters and receivers, 
and a visual indicator at the central control unit 
for each of the electronic transmitters and re 
ceivers and controllable by said selective switch 
ing means to indicate the particular transmitters 
and receivers operatively connected to the cen 
tral control unit. 

6. A traffic signaling System for communicat 
ing signal intelligence to Surface-borne traffic 
units in at least one of a plurality of traffic zones, 
all controlled from a common point, comprising 
an electronic transmitter for each individual one 
of said traffic zones, a separate transmission line 
disposed along each of said traffic zones, said 
transmission line being connected directly to its 
respective electronic transmitter, a central con 
trol unit, conductors connecting each of said 
electronic transmitters directly to the central 
control unit, and Switching means located en 
tirely at the central control unit and controllable 
solely thereat for selectively connecting one or 
more of said electronic transmitters With the 
central control unit, directly and without the 
intermediary of any other switching means not 
So located. 

7. A traffic signaling System for communicat 
ing signal intelligence to Surface-borne traffic 
units in at least one of a plurality of traffic zones, 
all controlled from a common point, comprising 
an electronic transmitter and receiver for each 
of said traffic zones, each such electronic element 
being connected for only a single zone, a trans 
mission line disposed along each of said traffic 
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zones, said transmission line being connected di 
rectly to its respective electronic transmitter and 
receiver only, a central control unit, conductors 
connecting each of said electronic transmitters 
and receivers directly to the central control unit, 
independently of the conductors leading to any 
other transmitter, and switching means at the 
central control unit for selectively connecting 
one or more of said electronic transmitters and 
receivers directly with the central control unit, 
said switching means being controlled Solely and 
completely from said central control unit and 
the connection established thereby to any One 
of said transmitters and receivers being inde 
pendent of any connection to any other transmit 
ter and receiver. 

8. A signaling system for selectively communi 
cating signal intelligence to surface-borne and 
air-borne traffic units comprising a radio trans 
mitter having a space radiation antenna con 
nected to the output thereof, a Second radio 
transmitter having a transmission line connect 
ed with the output thereof, a termination unit 
Connected to the far end of the transmission line 
with said transmission line being grounded 
through said termination unit to substantially 
restrict formation of an appreciable standing 
Wave on Said transmission line, a control unit in 
cluding a selective switching mechanism for se 
lectively connecting either the first of Said trans 
mitters or the second of said transmitters to the 
control unit, both, said first and said second 
radio transmitters, being operative on a common 
carrier frequency, to the end that communica 
tion may be established with surface-borne traf 
fic by utilizing the Second of said radio transmit 
ters without signal reception by air-borne traffic. 

9. A Signaling System for communicating sig 
nal intelligence to Surface-borne and air-borne 
traffic UnitS comprising a radio transmitter hav 
ing a Space radiation antenna, connected to the 
output thereof, a second radio transmitter hav 
ing a transmission line connected with the out 
put thereof, a termination unit connected to the 
far end of the transmission line with said trans 
mission line being grounded through said ter 
mination unit to Substantiaily restrict formation 
of an appreciable standing wave on said trans 
mission line, a control unit including a selective 
switching mechanism for selectively connecting 
either the first of said transmitters or the second 
of said transmitters to the control unit, both, 
Said first and said Second radio transmitters, 
being operative on a common carrier frequency, 
and a radio receiver for each of said transmit 
ters, said receivers being connectable to the con 
trol unit through the selective switching mecha 
nism. 

10. A signaling System for communicating sig 
nal intelligence to Surface-borne units of traffic 
comprising a radio transmitter, a transmission 
line having one end thereof connected to said 
radio transmitter, said transmission line, being 
disposed along a traffic lane and having one end 
thereof connected to said radio transmitter, a 
termination unit connected to the opposite end of 
said transmission line to prevent standing waves 
thereon, and a variable attenuator connected to 
the radio transmitter to vary the signaling energy 
impressed thereon, whereby an induction field 
established about the transmission line may be 
varied in intensity by said attenuator from a 
normal induction field for a single lane of traffic 
to a maximum induction field to cover a multi 
plicity of traffic lanes. 
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11. A signaling System for communicating Sig 
nal intelligence to surface-borne units of traffic 
comprising a radio transmitter, attenuator means 
for adjusting the carrier output of said trans 
mitter without varying the degree of modulation 
thereon, a transmission line disposed along a 
traffic lane and having one end thereof connected 
to Said attenuator, and a termination unit con 
nected to the opposite end of said transmission 
line to prevent standing waves thereon. 

12. A signaling System for communicating sig 
nal intelligence to SUrface-borne unitS Of traffic 
comprising a radio transmitter, means for adjust 
ing the carrier output of said transmitter with 
out varying the degree of modulation thereon, a 
transmission line connected to the carrier output 
adjusting means and having a predetermined dis 
position in relation to the signaling area, estab 
lished. When the system is in operation, and means 
connected to the transmission line to restrict the 
formation of standing Waves thereon to the end 
that radiation of radio wave energy produced by 
said standing waves is substantially eliminated. 

13. A signaling System for communicating Sig 
nal intelligence to surface-borne units of trafic 
from a central control station, comprising a cen 
tral control station, a multiplicity of individual 
Zone radio transmitters connected to said central 
control station, a transmission line and a termi 
nation unit associated with each of said individual 
Zone radio transmitters for establishing an induc 
tion field signaling zone, and an attenuation 
means disposed intermediate each of said indi 
vidual Zone radio transmitters and its associated 
transmission line, said attenuation means includ 
ing adjustment means for adjusting the degree of 
localization of the induction signaling field with 
Out changing the percentage of modulation, 
whereby any one of the attenuator means may be 
employed to establish a signaling area, embracing 
one or more of the normal induction field signal 
ing Zones. 

14. A signaling System for Communicating sig 
nal intelligence to surface-borne units of traffic 
from a central control station, comprising a cen 
tral control station, a multiplicity of individual 
Zone radio transmitters connected to said central 
control station, a transmission line and a ter 
mination unit associated with each of said in 
dividual Zone radio transmitters for establishing 
an induction field signaling Zone, an attenuation 
means disposed intermediate each of said in 
dividual ZOne radio transmitters and its asso 
ciated transmission line, said attenuation means 
including adjustment means for adjusting the 
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5 5 degree of localization of the induction signaling 
field without changing the percentage of modu 
lation, and a space radio transmitter connected 
to the central control station and operating on 
the same frequency as the individual zone radio 
transmitters, 

15. A combination electrical signal transmitter 
and plurality of distribution lines selectively 
energized thereby, singly and in multiple, in 
cluding at the output of said transmitter, a 
variable attenuator presenting a substantially 
Constant input load impedance to said transmitter 
throughout the range of attenuation, while 
changing the amount of energy selectively de 
livered to one or more of said distribution lines, 
from a minimum value to a maximum value. 

16. In an induction radio transmitting system 
for restricted-area communications, a carrier 
Wave transmitter, means for modulating said 
transmitter, a signal attenuator having an input 
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circuit of substantially constant impedance con 
nected across the output of said transmitter, the 
degree of attenuation presented by said attenua 
tor serving to establish the maximum communi 
cations range of said transmitter, a transmission 
line having one end connected to said attenuator, 
and a line termination unit connected to the other 
end of said transmission line to inhibit the forma 
tion of standing waves on said transmission line, 
Whereby the induction field surrounding said 
transmission line predominates over the radiation 
field. Within y/2nt distance from said transmission 
line. 

17. An induction radiotelephone system for 
effecting restricted-range communication within 
One or more designated Zones with radiation of 
radio Wave energy being substantially suppressed 
Outside of the ZOne or Zones, including a carrier 
Wave transmitter having an audio frequency in 
put circuit and a radio frequency output cir 
cuit, means for modulating said transmitter, a 
Variable attenuator having an input circuit of 
Substantially constant impedance connected 
acroSS the output circuit of said transmitter and 
an Output circuit of Substantially constant im 
pedance, circuit means in Said attenuator where 
by it presents a substantially-constant load to 
Said transmitter throughout its range of varia 
tion, a transmission line having one end con 
nected to the output circuit of said attenuator, 
and a termination unit connected to the other 
end of said transmission line, said termination 
unit including a non-inductive resistor approxi 
mating the surge impedance of the line to in 
hibit formation of standing waves on said line. 

18. An induction radiotelephone transmitting 
equipment for restricted-range communications 
along traffic lanes comprising a carrier wave 
transmitter having signal input and output cir 
cuits, means for modulating said transmitter con 
nected with said signal input circuit, a variable 
attenuator unit connected across the output cir 
cuit of said transmitter, circuit means in said 
attenuator unit whereby a substantially constant 
load is presented to the transmitter over the 
range of variation of said attenuator, circuit 
means in the output circuit of said attenuator 
unit. Whereby the amount of signal voltage in the 
output circuit of the attenuator unit may be 
varied from maximum to minimum without caus 
ing a substantial change in the loading of said 
transmitter, and a transmission line connected 
across the output circuit of said attenuator unit 
and extending in a longitudinal direction along 
a lane of traffic wherein a restricted-range in 
duction radio field is to be effective. 

19. In an induction radio transmitting System 
for restricted range communications, a central 
contrel station, a plurality of Zone transmitters 
controllable from said central control station, a 
plurality of Zone receivers connectable with said 
central control station, a Separate transmission 
line connected to each of said Zone transmitters 
and receivers and disposed along a traffic Zone, 
a nobile transmitter and receiver for two-way 
communications between a mobile unit and said 
central control station, and visual indicating 
means at said central control station responsive 
automatically to signal energy received by said 
receivers and emanating from said mobile unit 
transmitter to indicate at the central control 
station the particular traffic zone in which the 
mobile unit transmitter is disposed. 

20. In an induction radio signaling system for 
two-way restricted range signaling, a control 
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transmitter and receiver, a transmission line con 
nectable to said control transmitter and receiver 
for establishing a localized induction-radio field 
extending about said transmission line and use 
ful for two-way signaling-within a localized sig 
nailing Zone extending parallel to said line and 
for a restricted lateral distance from said line, a 
remote transmitter and receiver disposed within 
the effective induction signaling range of said 
control transmitter, and visual indicating means 
disposed at said control receiver and responsive 
to signal energy emanating from said remote 
transmitter, whereby the signal energy from the 
remote transmitter will operate the visual indi 
cator at the control receiver to indicate the pres 
ence of the remote transmitter within the local 
ized signaling Zone. 

21. In an induction radio communications sys 
tem for two-way restricted range communica 
tions a control transmitter and receiver, a trans 
mission line connectable to said control trans 
mitter and receiver for establishing a localized 
induction radio field extending about said trans 
mission line and useful in a zone extending par 
allel to said line and for a restricted laterai dis 
tance from Said line, a remote transmitter and 
receiver disposed with said Zone, an attenuator 
for varying the amount of signal energy im 
pressed on said transmission line by Said control 
transmitter Without substantially changing the 
load presented across the output of Said trans 
mitter, whereby variation of said attenuator 
broadens or narrows the lateral extent of the 
effective induction radio field about said trans 
mission line. V 

22. In an induction radio communications sys 
tem for two-way restricted range communica 
tions, a control transmitter and receiver, a trans 
mission line connectable to said control trans 
mitter and receiver for establishing a localized 
induction radio field extending about said trans 
mission line and useful in a zone extending par 
allel to said line and for a restricted lateral dis 
tance from said line, a remote transmitter and 
receiver disposed within said zone, attenuating 
means for varying the amount of signal energy 
impressed on said transmission line by said con 
trol transmitter without Substantially changing 
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the load presented across the output of said 
transmitter, said attenuating means being con 
nected between said transmitter and said trans 
mission line, whereby variation of said attenu 
ating means broadens or narrows the lateral 
extent of the effective induction field about said 
transmission line, and a termination unit con 
nected to the end of said transmission line re 
mote from the transmitter, said termination unit 
approximating the Surge impedance of the trans 
mission line, whereby radiation of Wave energy 
is ineffective for communications substantially 
beyond X/2r distance from said transmission line. 

23. An electrical signaling System for two-way 
Communications between a central control sta 
tion and mobile units in a plurality of trafic 
ZOnes, comprising an electronic transmitter and 
receiver for each of said traffic zones, a central 
control station, means for connecting said cen 
tral COntrol Station with the transmitter and 
receiver in each of said traffic zones, a mobile 
transmitter and receiver, and visual indicating 
means at Said central control station for indi 
Cating to the operator thereof the particular zone 
in which the mobile transmitter is located. 

24. A system for establishing two-way carrier 
Wave Communications between a central station 
and mobile unitS in any one or all of a, plurality 
of communications Zones, including, a plurality 
of carrier Wave Zone transmitters, each serving 
a predetermined communications zone, a plural 
ity of normally-on carrier wave zone receivers, 
each Serving a predetermined communications 
Zone, a remote control line connecting each of 
Said Zone transmitters and receivers with a cen 
tral station, Switching means at said central sta 
tion Connectable With one or all of said remote 
control lines whereby any one or all of said re 
mote control lines may be used for two-way com 
munications between said central station and 
mobile units in any one or all of said zones, and 
a visual indicating means at said central station 
Selectively operable by received signal energy 
from any one of said zone receivers to identify 
the Zone in which the signal originates. 
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