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1

This invention relates to radio communication
systems for aircraft; more particularly, to sys-
tems for effecting two-way radio communication
between aircraft, and between aircraft and
ground, over distances in excess of the normal
range of transmission and reception at the oper-
ating frequencies; and the invention has for an
object the provision of economical and reliable
systems of this character.

Communication systems of the type indicated,
operating on a single channel or assigned fre-
quency, should, in order to achieve maximum
utility, be so constructed and arranged that any
ground station may communicate with any air-
craft operating over the system, that any air-
craft may communicate with any ground station
in the system over which it is operating, that all
ground stations may communicate with each
other, that all aircraft and all ground stations
may know when the system is in use so that inter-
ference will not be had, and that all aircraft oper-
ating over the system may hear all communica-
tions whether from ground stations or other air-
cratf so as t0 be continuously advised of operating
conditions throughout the entire system. At
present all of these requirements are being met
by aeronautical communication systems employ-
ing long-distance high-frequency radio equip-~
ment.

With the development of VHF equipment, i. e.,
equipment capable of operating at very high fre-
quencies, such for example as 100 megacycles,
it has become desirable for various reasons to
employ these very high frequencies in aeronauti-
cal communication systems. Radio equipment
operating at such very high frequencies, however,
has a very limited range, and consequently to
satisfy the above requirements it is necessary to
employ a plurality of spaced ground stations in-
terconnected by suitable wire circuits, such as
telephone.or Teletype circuits.

Perhaps the simplest arrangement that could be
employed for such purposes, at least from the
equipment standpoint, is to have each station
individually controlled by ifs individual operating
staff, who would relay messages by telephone or
teletype to all of the other ground stations. With
this arrangement many of the messages between
ground and air would be secondhand, message
transmission would be comparatively slow, and
the operating personnel would necessarily be
maintained on a 24-hour basis. A second ar-
rangement, which would readily occur to those
skilled in the art, would be to provide selective
equipment enabling the operator at any control
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station to select one or more transmitting sta-
tions in the system and operate the transmitters
at those stations.  For example, a Chicago oper-
ator desiring to communicate with an aireraft
over Des Moines, could, by suitable wire circuits,
select the Des Moines transmitter and communi-
cate directly with the desired aircraft. One of
the principal disadvantages of & selective Sys-
tem of this kind is that the operator must know
the location of the aircraft in order to select
the proper transmitter. Furthermore, interfer-
ence between messages would inevitably occur
whenever two or more aircraft operating out of
range of each other, and therefore unadvised as
to the activities of the cther, should attempt to
communicate with a ground station at the same
time. Having in mind the above reguirements,
it is a further object of this invention to provide
a system for effecting two-way radio communi-
cation between aircraft and ground which will
meet all of the requirements of maximum utility,
which requires a minimum of operating person-
nel, and which permits direct communication

.with all aircraft operating over the system either

from other aireraft or from ground, and with
all ground stations in the system either from
other ground stations or from aircraft operating
over the system.

Tt is another object of this invention to provide
a system of the above character wherein a mes-
sage originating at any ground station is repro-
duced and rebroadcast at each ground station in
the system.

Another object of the invention is the pro-
vision of a system of this character wherein an
aircraft-initisted message when received at any
one station is reproduced at all of the stations in
the system but is rebroadcast only from ground
stations outside of the range of the initiating
aircraft.

Still another object of this invention is the pro-
vision of a system of this character wherein only
one receiving station operates to distribute an
aircraft-initiated message throughout the sys-
tem for reproduction and reproadeast even though
the message is received at more than one ground
station.

A further object of the invention is to provide
a system of this character wherein the possibility
of interference, by reason of the reception of 2
message at an aircraft from more than che ground
transmitter, is prevented by dividing the receiver
pand-pass acceptance channel at the assigned
frequency into a plurality of subchannels and
energizing adjacent transmitters in the system
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at closely controlled different subchannel frequen-
cies to provide a resultant heterodyne beat note
of a frequency high enough to be readily filtered-
out at the aircraft receivers.

In carrying out the invention in one form, a
blurality of ground stations are provided, spaced
apart distances greater than the normal trans-
mitting and receiving range at ground level, but
close enough to provide overlapping zones of
ground transmitted signals at the usual aircraft.
altitudes, and close enough to permif simultane-
ous reception at a plurality of ground stations of
aircraft signals transmitted at such altitudes, and
means are provided extending between the
ground stations and forming voice and control
energy channels, together with means automati-
cally responsive to the initiation of a message: at
any one of the ground stations for reproducing
and broadcasting the message at each ground
station, and means automatically responsive to
the reception of an aircraft-initiated message at
any one of the ground stations for reproducing
the message at all of the stations and for rebroad-
casting the message only from ground stations
outside of the range of the message-initiating
aircraft. In addition, timing means may be pro-
vided at each station having different time set-
tings at adjacent stations whereby in the event
of simultaneous reception of a message at more
than one station, all but one of the receivers will
be- disabled so that audio and control energy will
be supplied to the voice and control channels of
the system from only one of the receiving sta-
tions, the timing means in addition being ar-
ranged to disable the transmitter at each of the
stations wherein the message is being received
even though the receiver at that station is dis-
abled.

In accordance with another aspect of the in-
vention, the transmitters at adjacent stations are
operated at different subchannel frequencies
within the band-pass channel of the aircraft re-
ceivers, and frequency control means are provided
at each station for holding the transmitter close~
Iy on the subchannel frequency, the frequency
control means being energized, during intervals
when no message is being transmitted, by a com-
mon sfandard-frequency tone transmitted to all
of the ground stations over the voice channels
and adapted to be automatically removed from
the voice channels whenever g message is ini-
tiated.

For a more complete understanding of the in-
vention, reference should now be had to the draw-
ings, in which:

Figs. la and 1b, when placed side by side, with
the right-hand side of Fig. 1la adjacent the left-
hand side of Fig. 1b, illustrate diagrammatically
a communication system embodying the present
invention;

Fig. 2 is an explanatory diagram illustrating
the manner in which a plurality of ground sta-
tions may be spaced apart and interconnected to
provide overlapping signal zones at various air-
craft altitudes:

Fig. 3 is a circuit diagram llustrating the fre-
quency control means employed at each of the
8round stations of the system illustrated in Figs.
la and 1b;

Pigs. 4 and 5 are explanatory diagrams illus-
trating certain operating conditions that may be
encountered with systems embodying the present
invention; and

Fig, 6 is a circuit diagram showing automatic.
control means for insuring the achievement of
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the operating condition shown in Fig. 5 and pre-
venting the disadvantageous condition illustrated
in Fig. 4.

Referring now to the drawings, the invention
is shown as embodied in a communication system
comprising two ground stations, respectively iden-
tified as “Station No. 1” (Fig. 1¢) and “Station
No. 2” (Fig. 1b). In order to simplify the draw-
ing, single lines have been employed throughout
to illustrate the various circuits, but it will be un-
derstood that each circuit includes the usual re-
turn circuits and ground connections. For con-
venience the single lines employed in the drawing
will be referred to throughout as “conductors,”
but it will be understood that each single line
may constitute more than one conductor and such
additional circuit elements as may be necessary
in each instance in accordance with standard
bractice. Stations No. 1 and No. 2, as will be
more fully explained hereinafter, are connected
by suitable long-distance telephone lines, exem-
plified in the drawings by a voice channel 10 ca-
pable of high-speed transmission of audio-fre-
quencies, and by a control channel {1 which may
constitute any type of circuit capable of trans-
mitting control energy; and it will be understood
that the two stations illustrated are merely ex-
emplary of a larger number of identical stations
all of which are connected to the long-distance
voice and control channels. For example, in PFig,
2 a system embodying the invention is diagram-
matically: indicated as comprising ground sta-
tions 12, 12, {4, and (5 connected by suitable
long-distance telephone lines 7. While a sep-
arate control channel is employed in the embodi-
ment of the invention shown, it will be under-
stood that the same circuits that comprise the
voice channel may be employed for transmitting
suitable control signals, thus eliminating the ne-
cessity for a physically separate control channel.

Referring now specifically to Fig. 1a, Station
No. 1 of the system is shown as comprising an
Operating site 18 and g transmitting and receiv-
ing site 9, which are in the usual case located
at some distance from each other and are there-
fore connected by local voice and control energy
channels, respectively represented in Fig. 1a by
the conductors 28, 21, and 22, 23. Tt may be de-
sirable in some installations to connect more
than one operating site to g single transmitting
and receiving site, and this may readily he ac-
complished through lecal telephone service cir-
cuits, as indicated by appropriate legends on the
drawing,

As shown, the operating site 18 comprises a
source of control energy 24, a sound pickup de-
vice, which is illustrated as comprising a micro-
phone 25 connected to a suitable constant level
amplifier 26, a sound reproducing device, which
is illustrated as comprising a headphone set 2T
connected to a suitable amplifier 28, and a pair
of automatic switching devices or relays 29 and
30 for selectively connecting the sound pickup
and sound reproducing devices to the voice chan-
nels and connecting the source of control energy
to the control channels, as will be more fully ex-
plained hereinafter.

As shown, the output circuit of the microphone
amplifier 26 and the input circuit of the headset
amplifier 28 are interconnected in the usual man-

ner through a manually operable press-to-taik:

switch 3! and a conventicnal hybrid coil 32, which
latter is employed for anti-side-tone purposes and
is adapted to be connected to the voice channels

75 through the contacts. of the relays 29 and 3. In

y
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addition, a suitable manually operable switch 33
may be provided, as shown, for isolating the sta-
tion from the long-distance voice and control
channels if desired. The various devices going to
make up the operating site of the ground station
and the interrelation therebetween will be more
fully explained hereinafter in the description of
the operation of the system.

The transmitting and receiving site 19 includes
a source of conirol energy 34, a conventional VHF
receiver 35, a time control switch or timing device
36, a conventional VHEF transmitter 31, a fre-
quency coatrolling device 38 for supplying a con-
trolled frequency to the transmitter, and a fre-
quency generator 39 for producing a standard-
frequency tone the purpose of which will be more
fully set forth hereinafter. As previously indi-
cated, the VHF receiver 35 is of conventional con-
struction and includes an audio-output circuit,
represented by the terminal 40, and a carrier con-
trol circuit, represented by the ferminal 41, the
carrier control circuit, as will be understood by
those skilled in the art, being energized only when
a carrier of the proper frequency is being received.

The time control switch 36 may be of any de-
sired type available on the market, and is shown
for purposes of illustration as comprising a step-
ping switch having three banks of contacts 42,
43, and 48 adapted to be sequentially engaged by
movable contact arms 45, 46, and 41, respectively,
when the switch is energized with pulses obtained
from an alternating current source through a
half-wave rectifier 48. Time control switches of
this general character are well known in the art,
and accordingly it is not believed necessary to
{llustrate the actual operating mechanism em-
ployed other than to indicate by the broken lines
49 that the three contact arms 45, 46, and 47 are
connected together for simultaneous operation.
It will be understood that other types of timing
devices or circuits may be employed, if desired,
in place of the time control switch 36.

The VHF transmitter 37 is of the type includ-
ing an audio-input circuit 50, a control frequency
input circuit 51 adapted to be energized from the
usual erystal-controlled oscillator to produce the
desired carrier frequency, and a carrier control
circuit represented by the terminals 52, which
circuit when opened and closed is effective to
tuin the transmitter on and off, i. e, to initiate
and terminate the transmission of a message.
In addition, the transmitting and receiving site
{9 includes a number of automatic switching de-
vices or relays 53, 54, 55, 56, and 57 for controlling
the receiver and transmitter and the various de-
vices associated therewith. Finally, the site 19
includes a suitable hybrid coil 58 the purpose
and operation of which will be explained herein-
after.

Referring now to Fig. 1b, the equipment in-
cluded in both the operating site and the trans-
mitting and receiving site of Station No. 2 is, with
minor exceptions, identical with the equipment
at Station No. 1. Accordingly the same reference
numerals with the suffix “a” added thereto will
be used to identify corresponding equipment and
components. The exceptions to the identity are
that Station No. 2 does not include a standard
frequency generator such as the generator 39 at
Station No. 1, and consequently the relay: §1a
at Station No. 2 requires only one pair of contacts
instead of the two pairs of contacts required by
relay 571 at Station No. 1.

The general nature and the arrangement of
some of the principal components of the system

10

15

20

25

30

35

40

45

50

55

60

85

70

76

havihg now been described, it is thought that an
understanding of the invention may best be had
from 2 detailed description of the operation of
the system during the transmission and reception
of both ground-initiated and aireraft-initiated
signals. In Figs. 1 and 1b of the drawing the
system is illustrated with the various components
in the respective conditions corresponding to an
interval during which no signal is being either
transmitted or received. During such an interval
the frequency generator 39, for supplying a
standard tone to the frequency controlling equip~
ment at the various ground stations, is connected
through the conductor 59, the contacts 60 of the
relay 57, conductors 61 and 62, the contacts 63
of the relay 57, and a conductor 64 to the fre-
quency controlling equipment 88 which, as here-
tofore indicated, functions to supply a closely
controlled frequency to the transmitter 37 in a
manner which will be more fully described here-
inafter. Likewise the frequency generator 39
supplies a standard tone to the frequency con-
trolling equipment 38a at Station No. 2 by way
of a circuit which may be traced through the
conductor 59, the contacts 60, and the conductors
61 and 65 to the local voice channel 2{ at the
transmitting and receiving site 19, thence through
the voice channel 20 at the operating site 18, and
by way of the upper pair of contacts on the switch
33 to the long-distance voice channel 10. At Sta-
tion No. 2 the circuit extends from the voice
channel 1§ through the upper contacts on the
switch 33¢, and thence through the local voice
channel 20¢ and 2la, a conductor 65a, contacts
63¢ on the relay 57a, and the conductor 64a to
the frequency controlling equipment 38a. Thus
during the time intervals when the system is not
in use for the transmission or reception of mes-
sages, g standard tone produced by the frequency
generator 28 will be supplied to the frequency
controlling equipment at the various stations.
Assuming that the operator at the operating
site 18 at Station No. 1 desires to transmit a
message, the first step is to operate the press-to-
talk switch 31, thereby to connect the amplifier
26 of the microphone 25 to the middie tap of the
hybrid coil 32. The press-to-talk switch 3l in-
cludes additional contacts 66 and 61 which, upon
closure, effect energization of the relays 29 and
30, respectively, these energizing circuits extend-
ing from the source of control energy 24 through
a conductor 68, the contacts 67, and conductors
69 and 78 to the operating winding of the relay
29, and from the source of control energy 24
through a conductor 7l, the contacts 66 and
conductors 72 and 13 to the operating winding
of the relay 30. Operation of the relay 30 ef-
fects, through closure of its contacts 14, connec-
tion of the microphone 25 to both the long-dis-
tance voice channel 10 and local voice channel 20,
the circuit being traceable from the righi-hand
terminal of the hybrid coil 32 through conduc-
tors 15 and 16, the contacts 14, and by way of
conductors 17 and 18 o the common terminal
18 to which both of the voice channels are con-
nected. Simultaneously closure of the contacts
80 on the relay 38 effects connection of the source
of control energy 24 to the long-distance control
channel i1, through a circuit which extends from
the source 24 through conductors 81 and 82, the
contacts 80, and a conductor 83 to the control’
channel 1.
Similarly, operation of the relay 29 is effective,
through closure of its contacts 84, to complete a
" circuit which includes the conductors 85 and 86,
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and which is in patallel relation to the circuit in-
cluding the contacts 78 of the relay 30 through
which the hybrid coil 82 is connected to both the
long-distance and local voice channels, these par-
allel circuits insuring connection of the micro-
phone 25 and the headset 27 to the voice channels
upon operation of either of the relays 28 or 20.
Finally, operation of the relay 28 is effective,
through closure of its contacts 87, to connect the
source of control energy 24 to the local control
channel 22, 23, the circuit being traceable from
the source 24 through conductor 8i, a conductor
88, the contacts 87, and the conductor 89 to the
control channel 22,

Connection of the microphone 25 to both the
long-distance and local voice channels, and con-
nection of the source of control energy 24 to both
the local and long-distance control channels are
effective, as will now be described, first to dis-
connect the frequency generator 38 and all of
the frequency controlling equipment from the
voice channels; second, to connect the micro-
bhone 25 to the headset 28q; third, to connect
the microphone 25 to the audio-~input of all of
the transmitters; and fourth, to turn on the
transmitters so that the message originating at
the microphone 25 will be broadcast from all
of the ground stations in the system.

Referring first to Station No. 1, it will be seen
that as soon as the local control channsl 23 is
energized, the relay 57 will be operated, the coil
of the relay being connected to the control chan-
nel 23 through a conductor 92. Thus the con-
tacts 66 are cpened to disconnect the frequency
generator 39, and the contacts 3 are opened to
disconnect the frequency control equipment 38
from the voice channel 24, Simultaneously with
operation of the relay %7, the relay 33 is oper-
ated, the energizing circuit for relay B3 being
traceable from the control chennel 23 through a
conductor 9f, the upper portion of the hybrid
coil 58, and a conductor 82 to the operating coil
of the relay §3. Upon cperation of the relay 583,
the contacts 33 thereof close to connect the
audio-input 5§ of the transmitter to the voice
channel 2{ through a conductor 94, the contacts
93, and a conductor §5. ILikewise, closure of the
contacts 96 on the relay 53 completes a circuit
between the carrier control terminals 52 of the
transmitter; which circuit may be traced from
the upper one of the terminals through a con-
ductor 87, a pair of normally closed contacts 88
on the relay 88, the conductor 88, the contacts
96 on the relay 58, and a conductor {68 to the
lower one of the terminals 52. Closure of this
circuit turns on the transmitter so that the mes-
sage originating at the microphone 25 will be
broadcast by the transmitter 37.

Referring now to Station No. 2, energization of
the long-distance control channel 11, as herein-
before explained, is effective to cause operation
of the relay 28«a, the %
ing from the control channel ii through a con-
ductor {§ie, a pair of normalily closed contacts
102¢ on the relay $%¢, and conductors (83a
and 78q to the operating winding of the relay
29q. Operation of the relay 28z is effective,
through closure of i%s contacts 84a, to con-
nect the headset 27g¢ to the voice channel
10 by way of a circuif which ¢xtends from
the voice channel terminzl Fag through con-
ductors 8¢ and 8%g, coniacts 88a, and con-
ductors 85¢ and 75a to the end terminal of the
hybrid coil 8%¢ to which the headset amplifier
28a is connected. Likewise, relay 29¢ is effective,
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through closure of its contacts 87a, to energize
the local control channel 22a, 23¢ at Station No.
2 from the local source of control energy 24c,
this circuit being traceable from the source of
energy 24¢ through the conductors 81¢ and 88a,
the contacts 87a, and the conductor 89c to the
control channel 2%¢. Energization of the con-
trol channel 23a at the transmitting and receiv-
ing site 18a of Station No. 2 effects operation of
the relay 8%a to disconnect the frequency con-
trol equipment 38a from the local voice chan-
nel, the operating winding of the relay 57a be-
ing connected through conductor 88¢ to the con-
trol channel 28a. Likewise the relay 53¢ will be
energized through a circuit extending from the
control channel 23q, 2 conductor 8ia, the upper
half of the hybrid coil 58¢ and conductor 92a
which leads to the operating winding of the relay
53a. As previously described in connection with
Station No. 1, operation of the relay 53q is ef-
fective, through the closure of its contacts 93a
and 96a, to connect the audio-input of the trans-
mitter to the voice channel and to turn on the
transmitter, the civeuits being identical with
thoese previously traced in the description of Sta-
tion No. 1.

From the above description it will be apparent
that whenever the press~to-talk switch is op-
erated at Station No, 1, the frequency generator
39 will be automatically discennected from the
voice channels, and a message originating at
microphone 25 will be broadcast frem each of the
ground stations. Upon release of the press-to-
talk switch, the relays 29 and 8 at Station No.
1 will immediately be de-energized to discon-
nect both the microphone 25 and the control
energy source 24 from the local and long-distance
voice and conirol chanxnels, whereupon the re-
lays 33 and 57 will be de-energized to turn off
the transmitter and reconnect the frequency
controlling equipment $8 and the frequency gen-
erator 39 to the voice channels, Likewise the
relay 29a¢ at Staticn No. 2 will be de-energized
to disconnect the source of control energy 24a
from the local control channel 22g, 30, and the
relays B3¢ and 5%a will pe de-energized to turn
off the transmitter 3ig¢ and to reconnect the
frequency controlling equipment 38¢a to the voice
channels,

The operation .of the system to effect broad-
casting from all of the transmitters of a message
originating at Station No. 2 upcn operation of
the press-to-talk swiich 3fa will be apparent
from the operation heretofore described, the cir-
cuits being identical and interchangeable at both
stations, Accordingly the various circuits in-
volved for insuring broadcasting of the message
originating at Station No. 2 will not be described
in detail. Thus, whenever g message is initiated
at any one of the ground stations, that message
will be reproduced at each of the other ground
stations and will be transmitted from all the
transmitters in the system so as to reach any
aircraft operating over the system even though
the aircraft is completely otuside of the range of
the initiating station.

It will now be assumed that with the equip-
ment in the normal position llustrated in the
drawing, an aircraft-initiated message is received
at the receiver 35 of Station No, 1. As soon as
this message reaches the receiver 35, the carrier
control equipment of the receiver will supply
energy from the terminal 21 through' conductors
104 and 105, the ‘normally closed centacts {06
of the relay:53, and by way of conductors 107
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and 108 to the energizing winding of the relay
55, and the consequent operation of the relay 95
is effective, through closure of its contacts 189, to
supply energy from the control energy source 34
to the time control switch 38 through conductors
110, {14, 182, and 113, the contacts 189, and a
conductor (§4 to one terminal 145 of the time
control switch. The source of control energy 34,
as well as all of the other heretofore referred-to
control energy sources, is preferably a standard
60-cycle source of alternai’ng current, but it will
be understood that other frequencies may be used,
or if a different type of time control switch or
timing device is provided, direct current may be
employed.

In the arrangement shown, it will be assumed
that the source of energy is 60-cycle alternating
current, and upon connection of the terminal 15
to the source 34, the time control switch 36 will
begin its stepping operation due fo the fact that
pulses of energy will be supplied to the operating
winding 18 of the switch through a circuit which
extends from the terminal {15 through -con-
ductors {17 and (18, the four contacts at the left
of the contact bank 42, the contact arm 45, and
the rectifier 48. 'The operating mechanism of the
time control switch is such that each pulse of
energy will cause the switch to move one step,
that is, from one contact to the next at each
pulse, and consequently the switch 36 will operate
through four steps until the contact arm 45 en-
gages the contact §19 of the bank 42, thus inter-
rupting the previously traced energizing circuit.
Simultaneously with the engagement of the con-
tact arm 45 and the contact 119, the contact arm
46 on the bank 43 will engage contact 120 of this
bank to complete an energizing circuit for the
relay 54, which energizing circuit may be traced
from the previously energized conductor {11
through a conductor {2i, the contact §20, the
contact arm 48, the conductor {22, terminal 123,
conductor {24, the normally closed contacts 125
on the relay 53 and by way of a conductor 12§
to the operating winding of the relay 54.

Operation of the relay 84 is effective through
closure of its contacts 127 and {28 to connect
the source of control energy 34 to the control
channel 22 and to connect the audic-output. of
the receiver 35 to the local voice channel 21, The

control circuit thus completed extends from the,

source of energy 28 through the conductors 110
and (28, the contacts 127, a conductor 129, the
upper portion of the hybrid coil §8, and conduc-
tor 8! to the control channel 23. It will be ob-
served that the conductor i28 in this cireuit is
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connected to the center terminal of the hybrid -

coil 58, and accordingly confrol energy, while
passing through the upper portion of the hybrid
coil to the conductor 8§, will not pass through

the hybrid coil to the conductor 32, whereby the,
relay 52 remains de-energized and consequently”

the transmitter 37 at Station No. 1 will not be
turned on. Energization of the control channel
23, however, is effective, through the conductor

80, immediately to energize the relay 5% so as to..
disconnect the frequency generator 39 and the

frequency contrel equipment 33 from the voice
channel 2f. The circuit for the audio-output of
the receiver may be traced from the ferminal 40
of the receiver 25 through & conductor 131, the
contacts 123 on the relay 54, and by way of a con-
guctor £32 to the local voice channel 21,

‘Since the local voice channel 28, 21 is con-
nected, as herein described, to the long-distance

_yoice channel 10, the_audiouputput of the receiver.
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35 will thus be supplied to the long-distance voice
channel as well as the local voice channel at
Station No. 1. Energizing of the local control
energy channel 23, 22 is effective to cause opera-
tion of the relay 308 at the operating site 18 of
Station No. 1, this circuit being traceable from the
control channel 22 through a conductor 183, a
pair of normally closed contacts {84 on the relay
29, and a conductor 135 to the operating winding
of the relay 30. Operation of the relay 30:is
effective, through closure of its contacts 14, to
connect the headset 27 at Station No. 1 to the
voice channels whereby the message received at
the site 19 is reproduced at the operating site 18
of Station No. 1, this latter circuit extending from
the terminal 79 of the voice channel 20 through
the conductors 18 and 71, the contact 74 on the
relay 30, and the conductors 16 and 15 to the
hybrid coil 32 to which the input of the amplifier
28 is connected.

Likewise operation of the relay 30 is effective,
through closure of its contacts 89, to supply con-
trol energy to the long-distance control channel
{i from the control energy source 24 through
the conductors 81 and 82, the contacts 80, and
the conductor 83 which is connected to the control
channel (1. Energization of the control channel
it from the source 24 is effective, as previously de-
scribed in connection with the message originat-
ing at the microphone 25, to effect operation of
the relay 29¢ at Station No. 2, and through
closure. of the contacts 84 and 87a on the relay
2084 to connect the headset 27 to the voice chan-
nel and to connect the source of control energy
244 to the local control channel 22a. Thus the
message received at Station No. 1 will be repro-

duced at the headset 27a at Station No. 2, and

energization of the local control channel 22g is
effective, as previously described, to connect the
transmitter 37a to the voice channels and fo turn
on the transmitter so that the message received
at Station No. 1 will be rebroadcast by the trans-
mitter 37a at Station No. 2 which, in accordance
with the assumption that the aircraft-initiated
message is being received at only Station No. 1,
places Station No. 2 out of range of the transmit-
ting aircraft. Consequently any message received

‘at Station No. 1 will be reproduced at all of the

ground stations and will be rebroadcast at sta-
tions other than Station No. 1 so as to be avail-
able to other aircraft operating over the system
outside of the transmitting range of the initiating
aircraft.

Tt will be recalled that initial energization of
the relay 55 from the carrier control circuit of the
receiver 35 was accomplished through a circuit
including the normally closed contacts {06 on the
relay 53, and immediately upon operation of the
relay 55 a self-holding circuit is completed which
extends from the carrier control terminal 41,
through the conductors 184 and (3§, the contacts
137 on the relay 55 and by way of conductors 138
and 108 to the energizing winding of the relay.
Thus the relay 55 will remain energized to main-
tain the previously described circuits so long as
the message is being received by the receiver 35.
Tmmediately upon termination of the message,
however, the relay 5% will be de-energized, where-
upon the contacts {99 open to interrupt the ener-
gizing circuit for the winding of the relay 54 and
cause opening of the contacts 127 and {28 to dis-
connect the audio-output circuit of the receiver
and the source of energy 34 from the local voice
and control channels 21 and 23.

. De-energization of the control channel 23 ei-
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fects de-energization of the relay 57 to reconnect
the frequency generator 39 and the frequency
controlling equipment 38 to the voice channel 2 i,
as previously described. In addition, de-ener-
gization of the control channel 23 effects de-
energization of the relay 38 whereupon the pre-
viously traced circuits are interrupted at the con-
tacts 74 and 80 to disconnect the headses 27 from
the voice channels and to disconnect the source
of control energy 24 from the long-distance con-
trol channel il. As previously described, de-
energization of the control channel {f de-ener-
gizes the relay 29¢ at Station No. 2, thereby dis-
connecting the headset 27a from the voice chan-
nels and disconnecting the control enersy source
24q from the local control channel 22¢ at Station
No. 2, whereupon the relay 53¢ Station No. 2 is
de-energized to turn off the transmitter 81a, and
the relay 57a¢ is de-energized to re-connect the
frequency control equipment 38¢ to the voice
channels for energization by the standard tone
broduced by the frequency generator 88 at Sta-
tion No. 1.

Returning now to Station No. 1, de-energiza-
tion of the relay 55 not only interrupts the ener-
gizing circuit for the relay 54 as previously ex-
plained, but through closure of the contacts {38
on the relay 55 establishes an energizing circuit
for returning the time control switch 25 to its
starting position. This energizing circuit ex-
tends from the control energy source 34 through
the conductors 119, 111, and 149, the contacts
139, and a conductor {41 to the terminal 142 of
the time control switch. From this terminal the

circuit extends through a conductor 143 to the BE

normally de-energized contact 119 on the contact
bank 42 of the time control switch, thus com-
pleting a circuit from the contact {19 through
the arm 45 and the rectifier 48 to the operating
winding of the time control switch. As soon as
this circuit is completed, the arms 45, 46, and
47 of the time control switch will move forward
one step, thus immediately interrupting the just
traced energizing circuit, but upon contact of

the arm 45 with the adjacent contact 144 on the .o

bank 42, another energizing circuit will be com-
pleted which extends from the source 34 through
the conductors {16, 1if, 112, and 145 to the ter-
minal 14§ of the time control switch, and from
this terminal through conductors 147 and | 48, the
contact 144, the movable arm 45, and the rectifier
48 to the operating winding {1§. Thus the time
control switch will continue its stepping opera-
tion until the contact arms 45, 48, and 47 return
to the position shown in the drawing, the last
energizing circuit for the time control switch
being interrupted as soon as the arm engages the
dead contact 149 on the bank 42. Thus it will
be seen that immediately upon termination of
the aircraft-initiated message, all of the equip-
ment at each of the ground stations will auto-
matically return to its normal position, and the
standard frequency tone produced by the gen-
erator 38 will again be applied to the voice chan-
nels to energize the frequency control equipment
~at each of the stations. '
In the above-described operation it was as- .
sumed that the aireraft-initiated message was
received only at Station No. 1. Under such con-
ditions the message will be reproduced at all of
the ground stations but will be rebroadeast only
at stations other than the one where it is being
received. It will be understood, however, that
conditions will arise in the operation of systems
embodying this invention wherein an. aircraft-
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initiated message may be received at more than
one ground sfation. In Fig. 2 a system is shown
which includes four ground stations, 12, 13, 14,
and 15, the transmitting range of the stations
being respectively indicated by the curves 127,
13’, 14’, and 15’. Although the patterns may be
somewhat different, these curves may also be
taken as approximations of the receiving ranse
of the stations, or in other words, transmitting
range of aircraft operating over the system.
Thus an aircraft operating at the point desig-
nated X in Fig. 2 would, when transmitting, be
able to communicate directly only with station
13, and the message would be forwarded from
station 13 to the other stations 12, 14, and 135 in
the manner just described, station {2 correspond-
ing to Station No. 1 in this previous description,
and each of stations 12, 4, and 5 corresponding
to Station No. 2.

On the other hand, if the transmitting aircraft
is operating at the point Y in Fig. 2, the tratis-
mitted message would be received not only at
station 3, but also at stations 12 and 14. Conse-~
quently, unless special means were provided,
each of these stations would, upon receipt of the
message, attempt to supply audioc and control
energy to the voice and control energy channels,
which might result in objectionable interference.
In accordance with the embodiment of the in-
vention shown, the possibility of such interfer-
ence is prevented, and only one of the stations
receiving the message supplies the control energy
and the audio to the voice and control energy
channels for transmission throughout the rest
of the system. 'This is accomplished by assigning
different time settings to the time control
switches at all of the stations that lie within the
range of the transmitting aircraft. Thus in Figs.
la and 1b it will be observed that the time con-

» trol switch 36 operates through four steps before

the contact arm 45 engages the mormally dead
contact 119 in bank 42, while in the time contro}
switch 36a the arm 45a¢ need only move through
three steps before engaging the corresponding
contact 119a. Thus when 60-cycle control energy
is employed, the time control switch 88a will have
a setting of 34y of a second, while the time control
switch 36 has a setting of 4.

In the system of Fig. 2, for example, station
12 might be assigned a time setting of 3/s of 4
second; station (3 a setting of 4/s0; station 14 3
setting of 2/60; and station 15 would then have g
setting of 3/60, the same as station 2, since these
two stations are sufficiently spaced so that they
would not, at the frequencies emnloyed, ever re-
ceive the same signal from an aircraft. Refer-
ring again to Figs. 1a and 15, it will be assumed
that an aircraft-transmitted message is received
at both Station No. 1 and Station No. 2. As pre-
viously explained, the receivers 35 and 85¢ there-
upon supply control energy from the carrier con-
trol circuits to energize the relays 55 and 55,
whereupon the time switches 36 and 3%¢ begin
operating. As soon as the time switch 36¢ com-
pletes its three-step cycle, the relay 54a will be
energized through the contact bank 43¢ and the
contact arm 46a, as previously described in con-
nection with the time switch 36, whereupon con-
trol energy and the audio-output of the receiver
35a will be supplied to the voice channels and the
control channels throughout the system. This
will result in connection of all of the headsets 27
and 27¢ to the voice channels, in disconnection
of the freguency control! equipment 88 and 38«

76 and the standard tone generator 39 from the voice
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channels, and in operation of the relay 53 at Sta-
tion No. 1 to connect the audio-input of the trans-
mitter 37 to the voice channels and to turn on
the transmitter, all as previously explained in
connection with a condition wherein the message
was received only at Station No. 1, the opera-
tion now being reversed because Station No. 2 has
the lower time setting.

Inasmuch as Station No. 1 is within the trans-
mitting range of the aircraft, it is undesirable to
have this station re-broadcast the message, and
consequently means are provided for disabling
the transmitter at each of the stations wherein
the message is being received even though only

one of these stations is supplying the control ;
This is accomplished by .

energy in the audio.
means of the time switch 38 which completes its
cycle /60 of a second after the completion of the
cycle of the switch 38a¢. When the contact arm

46 in the bank 43 of time switch 38 engages the o

contact (28, energization of the relay 54 at Sta-
tion No. 1 cannot occur because the relay 53 has
now operated to open the contacts £25 in the en-
ergizing circuit of the relay 54. At the same
time, however, the contact arm 47 engages con-
tact 158 on contact bank 44 and completes an
energizing circuit for relay §8. This energizing
circuit extends from the control energy source
34 through conductors 110, i1f, 1(2, and 145, ter-

minal 148, conductors 47 and 154, contact 153, .

contact arm 47, conductor 152, terminal 153,
conductors (54 and (55, contacts (56 on relay
53, which contacts are now closed due to the
fact that relay §3 has been operated by the con-

trol energy supplied from Station No. 2, and by 4

way of conductors 15T and (58 to the operating
winding of the relay 58. Operation of the relay
55 is effective to turn off the transmitter 37 by
opening contacts §8, which contacts form a part
of the previously closed on-and-off circuit of the
transmitter. Thus even though the relay 53 has
operated so as to prevent audio from the recsiver
35 being supplied to the voice channels through
the relay 54, the transmitter 37 is rendered inop-
erative by operation of the relay 58, which means
that the massage received at Station No. 2 will be
rebroadecast only at stations outside the receiving
range and not by any station wherein the receiver
is directly receiving the message. Closure of the
relay 58 is effective to establish a self-holding cir-
cuit which extends from the junction of the con-
ductors 154 and 153 in the previously traced en-
ergizing circuit, through a conductor 8§, the
contacts {83 on the relay 56, and conductors {6i
and {58 to the operating winding of relay 56.
Thus the relay 58 will remain energized so long
as the associated receiver is receiving the mes-
sage, and will be deenergized only when the relay
55 operates as previously described to cause the
time switch to return to its normal position, the
contact arm 47 then moving off the contact 150
to intzrrupt the energizing circuit of the relay 58.

As will be apparent to those skilled in the art,
whenever one of the transmitters, for example
the transmitter 37 at Station No. 1, is turned
on either by initiation of a message at one of
the ground stations or by reception of an aireraft-
initiated message at some station outside of the
receiving range of Station No. 1, the receiver 35§

at Station No. 1 will receive the transmission from 7

its associated transmitter and would, in the ab-
sence of proper preventative circuits, immediate-
ly function to energize the time switch 38 and
disable the transmitter through the relay &8,
whereupon reception by the receiver 35 would
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cease and relay 58 would be de-energized to turn
on the transmitter again, thus causing a pumping
action between the associated receiver and trans-
mitter. - '

Such an objectionable condition is prevented
in systems embodying the present invention by
the provision of the normally closed contacts 106
on the relay $3, which contacts form a part of the
energizing circuit for the relay 55 which con-
trols the time switch. Thus whenever the trans-
mitter 37 is turned on by operation of the relay
53 prior to the reception of a message at the re-
ceiver 35, the energizing circuit for the relay 55
is opened and the receiver 35 is rendered inca-
pable of energizing the relay 55 whereby the time
switch 35 and the relay 56 remain de-energized.
If, however, the relay 53 does not operate to turn
on the transmitter until after the relay 55 has
been operated by the reception of a message, the
contacts {06 are ineffective to de-energize the re-
lay 55 due to the previously traced self-holding
circuit which includes the contaects 137. Accord-
ingly, the receiver control circuits, which are nor-
mally operable to disable the transmitter when-
ever a message is being received, are not effective
when the received message is being transmitted
at the same station. L

As previously explained, adjacent ground sta-
tions in systems embodying this invention al-
though located out of range of each other at
ground level, are close enough to provide, as
shown in Fig. 2, overlapping zones wherein an
aireraft may receive messages from two or more
ground stations, which would of course result in
an interfering audible heterodyne unless all of
the ground station transmitters are held exactly
on frequency. Such exact frequency control
could be accomplished by energizing the local
frequency control equipment at each station con-
tinuously from a common standard frequency
tone supplied over a separate voice channel cap-
able of transmitting such a tone. However, the
stand-~by toll charges on such an additional voice
channel result in undesirably high fixed operat-

5 ing charges, and in accordance with the present

invention the necessity for an additional voice
channel is obviated by employing the same voice
channel for transmission of the standard fre-
quency tone as is employed for transmitting the
audio-frequency voice currents, the standard
tone being ftransmitted only during intervals
when no message is being transmitted. With
this arrangement the local frequency control
equipment at the various stations is relied upon
to hold the frequency during the short intervals
of message transmission. Absolute frequency
control cannot thus be obtained, however, and
in accordance with the present invention the as-
signed frequency channel is divided into a plu~
rality of subchannels all of which lie within the
band-pass channel of the aireraft receivers but
which have a sufficient frequency separation so
that the heterodyne obtained upon simultaneous
reception of two such subchannel frequencies is
sufficiently high in frequency to permit ready fil-
tering at the receiver., For example, if the air-
craft receivers are designed, in accordance with
standard design practice, to provide a normal
band pass of 50 kilocyeles, and proper allowances
are made for the normal tolerance of the re-
ceiver crystals and the standard frequency tone,
as well as for certain other known variable fac-
tors, a usable channel approximately 25 kilocy-
cles in width will remain, which may be sub-
divided into four subchannels having a fre-
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quency separation of approximately 8 kilocycles,
and these subchannel frequencies are assigned to
adjacent ground stations.

If the stations in a system embodymg the pres-
ent invention are located geographically in ap-
proximately a straight line with sufficient dis-
tance separation between stations so that alter-
nate stations would provide no overlapping sig-
nals zones, only two subchannel frequencies
would be required. However, if as shown in Fig.
2, the distance between such stations is such as
to permit overlapping between signals frans-
mitted from stations 12 and {4, for example,
three subchannel frequencies would be required,
as indicated in Fig. 2. If the system should in-
clude stations arranged so as to provide a cross-
over, four subchannel frequencies would be re-
quired, and although more than four subchan-
nels could be achieved by accepting a lower het-
erodyne beat note at the receivers, it has been
determined that four subchannel frequencies
should take care of substantially all required net-
work arrangements. With the spaced subchan-
nels assighed to the various stations as indicated
above, exact frequency control is not required,
and variations of plus or minus 500 cycles or
even more may be tolerated. This is achieved in
systems embodying the present invention either
by the use of close tolerance quartz crystals at
each station for holding the respective trans-
mitters on the assigned subchannel frequencies
within the permissible variation, or by provid-
ing the frequency controlling equipment 38 and
38a at the various stations and employing the
standard frequency tone to maintain this fre-
quency controlling equipment exactly on fre-
quency except during the short intervals of mes-
sage transmission. In the event that close fol-
erance quartz crystals of sufficient accuracy are
available and are employed in the system, the
standard frequency generator 39, the frequency
control equipment 38, and the control relays and
circuits therefor, now to be described, may be
omitted from the system.

Referring to Fig. 3 of the drawing, the fre-
quency controlling equipment 38 for supplying
control frequency to the transmitter 37 is shown
diagrammatically as including a local oscillator
162 for producing the frequency necessary to in-
sure operation of the transmitter at the assigned
subchannel frequency. The oscillator 162, which
is of standard construction, is shown as includ-
ing a crystal 163 and a variable padding con-
denser 164, the output of the oscillator being
connected to the control frequency terminal 51
(Fig. 1a) of the transmitter 37 by a conductor
165. The standard frequency tone produced by
the frequency generator 39 is supplied, as pre-
viously explained, to the frequency control equip-
ment 38 through the conductor 64, where it is
multiplied in a suitable frequency multiplier 166
to a frequency which differs, by a selected audio-
frequency difference, from the frequency which
the oscillator 162 is intended to hold. The mul-
tiplied frequency is then fed, as indicated in Fig.
3, to a suitable detector or mixer 167, where it is
heterodyned with the output of the oscillator 162
to provide sum and difference beat-note frequen-
cies, the oscillator being connected to the detec-
tor 167, as indicated, by the conductor 168. The
difference frequency beat note appearing at the
output of the detector 167 is selected by a suitable
audio-frequency band-pass filter 169 and is am-
plified in & suitable amplifier 170 before being fed
to the input terminal 17f of a discriminator 172.
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The discriminator {72 is constructed to operate
with a crossover frequency equal to the selected
difference between the multiplied standard fre-
quency tone and the frequency on which the
oscillator is to be held, and comprises a pair of
tuned circuits 173 and (74, respectively funed
to frequencies above and below the crossover
frequency, the tuned circuits being connected
through oppositely disposed rectifiers {75 and
176 to the opposite ends of a potentiometer 177
which is connected across a pair of condenszrs
{78 having a mid-point ground connection {79.
The arrangement of the various components of
the discriminator 172 is such that the potential
at the point 180 on the potentiometer {77 will
vary between positive and negative values, de-
pending upon the variation of the difference fre-
quency supplied to the discriminator input from
the crossover frequency of the disecriminator.

Thus if the difference frequency applied to the
input of the discriminator is exactly equal to the
crossover frequency, zero potential will appear
at the output terminal 181, while a variation of
the difference frequency above or below the
crossover frequency will cause positive or nega-
tive potentials, as the case may be, to appear at
the output. As shown, the output of the dis-
criminator serves to energize an electric motor
{82 having a pair of field windings 183 and 184
connected between the output terminal i8{ and
a ground connection 185. The rotor of the motor
{82 comprises a permanent bar magnet {86 which
is mounted on a rotatable shaft {87 that is con-
nected, as indicated by the broken line {88, to the
padding condenser 164 of the oscillator (82.

The direction of rotation of the rotor 186 and
the shaft {87 is dependent upon the direction of
current flow in the field windings 183 and 134,
and suitable stops 189 are provided for limiting
angular movement or rotation of the shaft. It
will thus be seen that the discriminator 172 acts
through the motor 182 to adjust the crystal
oscillator 162 so that the difference frequency
obtained by heterodyning the oscillator output
with the multiplied standard frequency tone is
maintained equal to the crossover frequency of
the discriminator. Thus the frequency supplied
to the transmitter 37 by the oscillator {62 is held
at the desired value, and when the transmitter
is turned on, the carrier frequency will be ex-
actly on the assigned subchannel.

The aceuracy with which the frequency control
will be held depends almost entirely upon the
accuracy with which the crossover frequency of
the diseriminator may be set and held, and the
accuracy of the discriminator calibration may
be checked by comparison with the standard
frequency tone. For this purpose a suitable
frequency meter 190 is provided, connected, as
shown, through a suitable push-button switch
191, the frequency meter 190 being of the type
to indicate the deviation of the difference fre-
quency selected by the band-pass filter from the
standard frequency tone. As previously indi-
cated, the standard frequency tone is continu-
ously supplied to the frequency control equipment
33, except during intervals of message trans-
mission, and it has been found that by closely
controlling the crystal oscillator 162 through the
discriminator, as described above, the transmit-
ting frequency during the short intervals of
message transmission will be held within proper
limits.

In Fig. 4 there is shown diagrammatically a
condition of operation which may, under certain
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tireutitstances, occur in the operation of a com-
munication system embodying the present inven-
tion as thus -far described.  The system here
shown comprises five ground stations 182, 193,
i94, 195 and 196 interconnected by suitable
long-distance telephone lines 197, which will be
understood as constituting the voice and control
channels 10 and 11 of Figs. 1g¢ and 1b. Each of
the ground stations comprises a receiver {98 and
a transmitter 199, the suffixes a, b, ¢, and d being
employed to distinguish the receivers and frans-
mitters at the various stations. Each of the
ground stations includes the various components
and control means heretofore described in con-
nection with Station No. 1 and Station No. 2 of
Figs. la and 1b for selectively rendering the
receiver and the transmitter effective or ineffec-
tive in accordance with the operating condition
of the system. In Fig. 4, however, the condition
of the receivers and transmitters is represented
diagrammatically, for purposes of simplicity, by
the position of a multiple position switch 209,
which is shown as being adapted selectively to
connect the receiver or the transmitter to a
suitable antenna, it being understood that the
switch 200 is shown merely for diagrammatic
purposes, the receivers and transmitters being
at all times connected to the antennas, as shown
in Figs. le and 1b, and being rendered effective
or ineffective by proper control of the receiver
output and transmitter input circuits.

It will now be assumed that an aircraft 201,
operating over the system as shown in Fig. 4,
is transmitting a message and that, as indicated
by the arrows 202, the aircraft-initiated message
is being received at stations 192, 193, and {94.
If station 194 has the lowest time setting on its
time control switch 36, the receiver 198b will,
as previously explained, deliver the audio and
control energy to the voice and control channels
of the system. As previously described, and as
indicated in Fig. 4 by the neutral position of the
switches 200 and 200¢, both the receivers and
the transmitters will be rendered ineffective at
stations 192 and 193, which stations are within
the transmitting range of the aireraft and have
higher time settings. Likewise, as indicated by
the positions of switches 200c and 200d, the trans-
mitters 199¢ and 188d will be fturned on at
stations 195 and (96 to rebroadcast, as indicated
by the arrows 203 and 204, the message received
at station 194, stations 195 and 196 being outside
of the transmitting range of the aircraft.

Although as previously explained, the ground
stations in systems embodying the invention are
spaced apart distances in excess of the normal
transmitting and receiving range at ground level,
unusual terrain or unusual atmospheric condi-
tions may so increase this normal range, as in-
dicated by the extension arrows 2056 in Fig. 4,
as to cause the rebroadcast message from station
195 to reach the receiver 198b at station 194.
Since this is the receiver which is supplying the
audio and control energy to the system, a closed
loop, as indicated by the loop 206 in Fig. 4, would
be formed between the stations 194 and 195
which might cause an objectionable audio sing,
and which under certain conditions might lock
up the control circuits at station 194 after the
aircraft 201 has completed its transmission.

" Although this abnormal and objectionable
condition may only occur under unusual condi-
tions or at particular points in the system, the
invention contemplates as a further aspect there-
of the provision of means at the ground stations
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‘for eliminating or reducing to a minifaum the
possibility of such improper operation. In Fig.
5 a system embodying the invention and includ-
ing such additional means is shown as ¢ompris-
ing ground stations 207, 208, 209, and 210 con-
mnected by suitable telephone lines 21{. Station
261, as shown diagrammatically, includes a pair
of unidirectional antennas 212 and 243 arranged
to face in opposite directions, a pair of receivers
214 and 215, and a transmitter 216. It will be
understood that station 207 includes the various
‘components and control means illustrated and
described as composing Station No. 1 and Station
No. 2 of Figs. 1 and 1b, and as in Fig. 4, multiple
position switches 200 are employed to indicate

‘diagrammatically the effective or ineffective con-

dition of the transmitters and receivers as deter-
mined by the control apparatus. In actuality,
the receivers are permanently connected to their
respective unidirectional antennas, and the trans-
mitter is permanently connected either to a noa-
directional antenna or to all of the unidirectional
antennas.

The arrangement of the antennas, receivers,
and transmitters at each of the ground stations
is identical, and the suffixes a, b, and ¢ are em-
ployed to distinguish between identical parts of
different stations. While only two directional
antennas and receivers are shown at each station,
it will be understood that three or four such
antennas and receivers may be employed, de-
pending upon the geographical arrangement of
the various ground stations with respect to each
other.

In accordance with this aspect of the inven-
tion, each of the ground stations includes con-
trol circuits the details of which are shown in
Fig. 6, and which will be fully described herein-
after, which control circuits are arranged so that
upon the receipt of a message at the ground
station, the receiver or receivers with the weaker
signal will be disconnected or rendered ineffective
by the receiver obtaining the stronger signal.
Thus, as shown in Fig. 5, receiver 214 at station
207 will be disconnected and receiver 25 will
be receiving the signal transmitted from the air-
eraft 201, as indicated by the arrows 202. Like-
wise at station 209, the receiver 215b will be
disconnected by the receiver 214b, which is re-
ceiving the stronger signal; and at station 208

‘either one of the receivers 2{4a or 215¢ may take

over to disconnect the other, the signals being
received at the antennas 212a¢ and 2{3a being
approximately equal, since the aircraft is operat-
ing directly over station 208. The above-de-
scribed operation of the receivers takes place
before either control energy or audio is applied
to the voice and control channels, and if it is
assumed that station 209 has the lowest time
setting as compared with stations 207 and 208,
the receiver 2(4b will operate to supply audio
and control energy to the system, and the re-
ceivers and transmitters at stations 207 and 208
will be rendered ineffective, as previously de-
deribed, due to the higher setting of their time
switches. Likewise, as previously described, sta-
tion 216, being outside the transmission range
of the aircraft, will have its transmitter 216c
turned on to rebroadcast the message received
at station 269 from the aircraft. If under these
conditions abnormal terrain or atmospheric con-
ditions should cause an extension of the trans-
mission range of station 210, there will be no
closed loop formed because the receiver 215b at

5 station 209 will be ineffective to supply audio or
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control energy o the system, and because of the
directional characteristics of antenna 212b re-
ceiver 2{4b will not receive the signal from sta-
tion 210.

In Fig. 6 a portion of a ground station is shown
as having three unidirectional antennas 2117, 218,
and 219 respectively associated with three re-
ceivers 228, 221, and 222, It will be understood

hat the ground station of Fig. 6, which repre=~

sents any one of the stations 207, 208, 209, or
218 of Fig. 5, is identical with Station No. 1 of
Fig. 1a, except that the three antennas and re-
ceivers have been substituted for the receiver 35
and its antenna in Fig. 1¢. In Fig. 6 only so
much of the control equipment of Fig. la is
shown as is necessary for proper correlation of the
three receivers to the remainder of the system.
Thus the source of control energy 34, the time
control switch 36, and the relays 53 and 54 of
Fig. 1q are shown in Fig. 6 either in whole or
in part.

Respectively associated with the receivers 228,
221, and 222 are selector units 223, 224, and 225,
which function, as heretofore indicated, selec-
tively to lock out two of the three receivers, de-
pending upon which of them receives the
strongest signal. Selector unit 223, as shown,
comprises an electric discharge tube 226 having
a triode section consisting of a plate 221, a
cathode 228, and a control element 228. In ad-
dition, the tube 226 includes a diode section con-
sisting of the cathode 228 and an anode 233. As
shown, the cathode 228 is connected through a
suitable resistor 28! to the negative terminal of
a battery 232 the positive terminal of which is
connected to ground, as indicated at 233. The
plate 227 of the triode section is connected
through a resistor 234 to the positive terminal of
a battery 285 the negative terminal of which is
likewise connected to ground. The diode section
of the tube is connected in a circuit including
the resistor 231 and the battery 232, the anode
230 being connected, as shown, to the operating
winding of a relay 236, the opposite terminal of
the winding being connected to a resistor 237
which is connected to ground, as indicated at
238.

The battery 235 has a greater voltage than the
battery 232, and the resistors 231 and 234 are so
adjusted that with zero potential on the control
element 228, the cathode 228 assumes a positive
potential with respect to ground. Accordingly no
current flows in the diode section of the tube 226.
This condition of zero grid potential corresponds
to the no-signal condition of the receiver 220, the
grid being connected through a suitable con-
ductor 288 fo the automatic volume control cir-
cuit of the receiver. As will be understood by
those skilled in the art, the automatic volume
control circuit of a conventional receiver supplies
a negative bias potential proportional to the
strength of the signal being received. When this
bias potential is applied to the control element
228, the current flowing in the triode section of
the tube decreases in proportion to the biasing
potential, causing the cathode to assume s nega-
tive potential, whereupon current. flows through
the diode section in a eircuit which includes the
winding of the relay 236, the resistors 231 and
287, and the battery 232, The ohmic resistance
of the winding of the relay 236 is small compared
to the resistor 237, and consequently the poten-
tial existing at the junction 240 between the
winding and the resistor is nearly the same as the
plate voltage of the diode section of the tube,
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The relay 236, as shown, includes two sets of
normally open contacts 241 and 242 and a set of
normally closed contacts 243 for selectively con-
trolling the operation of a pair of relays 244 and
245 which are effective to control the connections
of the source of confrol energy 34 and the audio-
output of the receiver 220 to the control energy
and voice channels 21 and 23 (Fig. 1g), as will
more fully appear hereinafter. The relay 244 is
provided with two sets of normally closed con-
tacts 246 and 247 and with two sets of normally
oben contacts 248 and 249, and the relay 245 in-
cludes a single set of normally open contacts
250,

As shown, the selector units 224 and 225 each
includes an identically arranged electric dis-
charge tube 226 and corresponding relays 236 and
245. In place of the relay 244 of the selector
unit 228, however, the unit 224 includes a relay
251 that, in addition to the contacts 246, 247,
248, and 249 of relay 284, includes another set of
normally closed contacts 252 and another set of
normally open contacts 253. Selector unit 225
includes, in place of the relay 244 of unit 223, a
relay 254 that is identical with the relay 251
except that the normally closed contacts 246 are
omitted. Aside from the variation in the number
of contacts on the relays 244, 251, and 254, all
of the selector units are identical. The connec-
tions between the three selector units 223, 224,
and 225, as will be explained in detail, are such
that the relay 236 at the selector unit for the
receiver that is receiving the strongest signal,
operates to energize the other relays at that se-
lector unit to connect the audio-output of the
associated receiver to the conductor 13! which
extends through all of the selector units and
terminates at the contacts 128 of the relay 54,
as previously explained in connection with Fig.
la, and to connect the contro] energy source to
the conductor 1 10 which likewise extends through
all of the selector units and which leads, by way
of the conductor (1, to the time switch 36, and
by way. of the conductor (30 to the contacts 127
of the relay 54.

Selective operation of the units. 223, 224, and
225 in accordance with the strength of the signai
received at the ‘associated receiver is accom-
plished by interconnecting the. junction points
240 of. the three units, which interconnection
may be traced. from the junction 240 at se-
lector. unit, 223 through a, conductor 255 and
the contacts 241 on relay 244 to a common
conductor or bus bar. 256 which extends to the
ofher.two units. At unit 224 the conductor 256 is
connected. through the contacts 247 of the relay
25{. and the conductor 255 at that unit to the
Junction point 240, and at selector unit 225 the
conductor 256 is connected through the contacts
247 of the relay 254 and a conductor 257 to the
Junction 240. at this selector unit.

By means of this common connection between
the’ junction points 24§, the particular receiver
which is receiving the strongest signal will effec-
tively prevent operation of the relays 236 asso-
clated with the other receivers; for example, if the
strongest signal is being received at receiver 220,
the potential developed by the diode section of the
tube 228 of selector unit. 228 will be greater than

- that. developed in the diode sections of the other

()

tubes, and. since the potential developed at se-
lector 223 is applied- through the common con-
nection. to. the junctions 240 at the other units,
the. diode. sections. at. the selector. units. 224 and




2,490,081

2
225 will be biased-off and the rélays 236 at tuese
umts will remain inoperative.

- When the strongest signal is thus received at
receiver 220, and the relay 236 of selector unit
223 operates, the contacts 241 and 242 of the
relay close to establish energizing circuits for
the relays 244 and 245 at the unit 223, and the
contacts 243 of relay 236 open to disable the
energizing circuits for the relays 251 and 254 at
selector units 224 and 225. 'The energizing cir-
cuit for the relay 244 at unit 223 extends from
the positive side of a suitable source of energy,
indicated by a conventional plus sign, through
the contacts 242, a conductor 258, the energizing
winding of the relay 244, a conductor 259, the
normally closed contacts 252 on the relay 251 at
unit 224, a conductor 260, the normally closed con-
tacts 252 on the relay 254 at unit 225, and by way
of a conductor 231 to the negative side of the
source-of energy which is indicated by a conven-
tional minus sign. The energizing circuit for the
relay 245 at selector unit 223 extends from the
positive side of the source of energy through a
conductor- 262, the contacts 241, a conductor 263,
and the energizing winding of the relay 245 to
the negative side of the source of energy. Al-
thoucrh conventional plus and minus signs have
been used to indicate the source of energy for
the relays in the selector units, this is merely for
purposes of simplification, and it will be under-
stood that any suitable source, such as the con-
trol energy source 34, may be employed.

Immediately upon energization of the relay 244,
the contacts 249 close to connect the audio-out-
put circuit of the receiver 220 to the voice chan-

nel of the system, the circuit extending from the
receiver 220 by way of a conductor 264, the con-.

tacts 249 of the relay 244, the conductor 131, and

the contacts 128 of the relay 54, which, as ex-.
plained in connection with Figs. 1a¢ and 1b, will -

be energized through the time control switch 36,
if this particular station has the lowest time set-

ting of any of the ground stations which are re-.

~ceiving the transmitted signal. Likewise closure
of the contacts 248 on relay 244 at selector unit
223 and closure of the contacts 250 on the relay
245 connect the source of control energy 34 to
the conductor 18 which extends, as previously
explained, to the time control switch 36 and the
contacts 127 of the relay 54. This circuit extends
from the control energy source 34 through con-
ductors 268 and 266, the contacts 248, a condue-
tor 267, and the contacts 250 to the conductor 110.

" Simultaneously with closure of these various’

contacts, the contacts 247 on the relay 244 at
selector unit 223 open to interrupt the common
connection between the junction points 240 at
the various selector units. This is important in
order to insure that once a selector unit has taken
control, due to reception of the strongest signal,
the other selector units and receivers are locked
out for the duration of that particular message.
Unless this lock-out were provided, it might hap-
pen that after rebroadeast of the aircraft trans-
mitted message is initiated at other ground sta-

tions, a signal arriving from an adjacent ground .

station might be stronger than the aircraft sig-
nal and cause one of the other receivers through .
the discharge tube 226 to produce a potential at
the junctions 248 that would bias-off the diode
section of the tube that had initially taken con-
trol. .
It will be observed that whichever of the selector
units takes control, operation of the associated
contacts 247 in the ¢ommon connection isolates
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the energizing ecircuit for the relay 236 at that
unit to insure that this relay will remain ener-
gized through the entire duration of the message.
Interruption of the common connection will not
prevent operation of the other 236 relays in the
event that a stronger signal is later received at
other receivers, but such operation of the relays
236 at other selector units will not interfere with
the original selector unit because of the manner
in which various relays are interconnected.

Assume, for example, that selector unit 223 has
taken control and that the relay 236 at selector
unit 224 thereafter operates. Closure of the con-
tacts 242 of the relay 235 at unit 224 is ineffective
to energize the relay 251, because the energizing
circuit which would otherwise be completed is, as
will be more fully explained, interrupted at the
contacts 243 of the relay 236 at unit 223 and at
the contacts 245 of relay 244. Such later opera-
tion of the relay 236 at unit 224 will, however,
complete an energizing circuit for the relay 245
at unit 224, which circuit extends from the posi-
tive side of the source of control energy through
the conductors 262 and 268, the contacts 241 at

. unit 224, and by way of the conductor 263 at that

unit to the energizing winding of the relay 245.
Closure of the contacts 250 on relay 245 at unit
224 is ineffective to complete any circuit because
the contacts 248 on relay 251, which are in series
with contacts 250, remain open.

If it is assumed now that the strongest signal
is received at receiver 222, then relay 236 at the
selector unit 225 will operate to energize the re-
lays 264 and 245 at that unit, and the relays 236

5..at units 228 and 224 will be biased-off, as hereto-

fore explained, the energizing circuit for the relay
264 at unit 225 extending from the positive side
of the source of energy through the contacts 243
of the relay 236 at station 223, a conductor 269,

- the contacts 246 on the relay 244, a conductor

270, the contacts 243 on the relay 236 at unit
224, a conductor 271, contacts 246 on relay 251,

a conductor 272, the contacts 242 on the relay
236 at unit 225, the conductor 258, the operating
winding of the relay 254, and the conductor 261

to the negative side of the source of energy. The
energizing circuit for the relay 245 at selector
unit 225 extends from the positive side of the-
source of energy through the conductors 262 and
268 to selector unit 225, then through the con-

tacts 241 at unit 225, the conductor 263 and the
winding at the relay 245 to the negative side of
the source. Closure of the contacts 248, 249 and
250 at selector unit 225 is effective to connect the
receiver 222 to the contacts 128 of the relay 54
and to connect the source of control energy 34
to the contacts 127 of the relay 54 and to the
time control switch 36, the receiver circuit ex-

tending from the receiver 222 through the con-
ductor 264, the contacts 249, and the conductors
215 and 131, and the control energy circuit ex-
tending from the source of control energy 34

through the conductor 265 which, as shown, &x-.
tends through all three selector units and by

65 way of the contacts 248, the conductor 261, and

70

75

the contacts 250 at unit 225 to 1 conductor 218
which is connected to the previously mentioned
conductor {19 which leads through the conduc- -
tors 1{{ and i30 to the time control switeh and

‘the contacts {27 on the relay 54,

If now, a stronger signal should be received
at receiver 220 so as to effect operation of the
relay 236 at selector unit 223, the previously de-.
scribed energizing circuit for the relay 254 at
‘station 225 will be interrupted at the contacts
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243 at unit 223. This will be ineffeétive to de-
energize the relay 258 at selector unit 225, hows
ever, gs the relay will remain eneigized through
a holding circuit which éxtéends from the positive
side of the source of energy through the con-
ductors 282 and 268, which latter conductor ex-
tends through all three selector units and through
the contacts 24! on the relay 236 at unit 225,
conductors 263 and 213, the contacts 253 on re-
lay 254, a conductor 217, and by way of the en=
ergizing winding of the relay 254 and the con-
ductor 261 to the negative side of the source of
energy. Likewise, operation of the reldy 236 at
unit 224 to open the contacts 243 at that unit will
be ineffective to de-energize the relay 254 at unit
225 by reason of the just described holding cir-
cuit, and consequently once the relay 236 at unit
225 has taken control, it will retain control and
loek out the other units throughout the dura-
tion of the message.

Each of the relays 244, 251, and 254 is of the
slow-to-release type as indicated diagrammati-
cally by the slugs 278, in order to insure that no
matter which of the receivers 220, 22{, or 222
has taken control, the other receivers will re-
main locked out at the end of the aireraft-
initiated transmission until rebroadeasting from
adjacent stations has ceased.. Assume, for ex-
ample, that selector unit 222 has taken' control
so that the receiver 220-is supplying the audio
and control-energy to:the system, if now the re-

broadcast of the message from an adjacent
ground. station should. reach antenna 2{8 and

receiver 221 with sufficient strength to-cause op=
eration-of the relays 236 and 245 ab selector unit

224; no objectionable results would oceur because

relay 251 at-station 224.will- not operate, its en-
ergizing circuit being interrupted at the contacts
248 of relay 244 and-at contacts 243 of the relay
236 at selector unit 223.

Immediately. upon. termination of the aircraft-
transmitted message received: at receiver 220; the’
contacts 248 of the relay 226 gt seléctor unit 223

will close and if the relay 244 should likewise op-

erate. immediately- to- close its contacts 246 an:
energizing circuit would immediately: be- estab-
lished for the-relay- 251 extending: from the posi--
tive side of the source of energy through the:-cons
tacts 243 at unit 223, the conductor 268, the con--
tacts. 246 of relay 244; the conductor 270; the-
contacts 242 of the relay 236" at unit 224 (this’
relay being closed by virtue of the rebroadecast:
signal received- at- receiver 221),.conductor: 258,
the winding of relay. 251, conductor 260, contacts*

252 on relay 254, and by way of the: conductor
261 to the negative side of the source of energy:
If. this energizing circuit were completed im-=

mediately upoen cessation of the aircraft initiated:
message received ab receiver 220, the selector unit:

224-would -immediately becomie effective to sup-

ply control energy to the system and a closed:
loop, such as.the:loop 205 of Fig. 4, would be es<'
tablished to lock up the system, even though no*
message was being transmitted. The- slow-to~

rélease-character of ‘relays 244, 251 and 254 pre-
vents such

and the contacts 246 on the relays 244, 251 or
258, as the case may be, remain opén for a suf-

ficient perifod of time théreafter to permit the
disabling "of all reproadcasting stdations and the
release of all of the relays 236 ‘béfore -the con-

& lock-up, however, since the supply’
of control energy to the system is interrupted’
by the contacts 250 on relays 285 immediately’
uponr cessation of the aircrdft inifiated message,-
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tacts 246 reclose to rélédsé the leck-out of the
other receivers. )

It will be undeistood that operation of the
gelector units 223, 224, and 225 to select the
propér one of the réceivers associated therewith
takes place prior to operation of the timme control
switch, since energy is not applied to the time
control switeh from the control energy sourcé
34 until after the selecting operation has taken
place. If the time control switch at the par-
ticular station happeéns to have the lowest time
setting of any station at which the message is
being received, the relay 54 will then operate to
supply the control enérgy and the dudio from

; the selected receiver to the control channel and

the voice channel. In all other respects the
operation is as destribed in connection with
Figs. la and 1b.

While we have shown pafticular émbodiments
of ou¥ invention, it will be understood, of course,
that we d6 not wish to be limited thereto since
many modifications may be madé, and we there-
fore contemplate by the appended claims to
cover any such modifications as fall within the
true spirit a’nd‘ 3co'pe' of Our inventlon
claimn and desire to secure by Letters Patent is:

1. A system for two-way radm communication
between: aircraft and ground over distances in
excess of the normatl range of transmlssmn and
recéption at the frequency of said' commumca-
tion, comprising 4 plulahty of ground stations
spaced apart distances greater than said range
at- ground  level but close enough to provide’
oveilapping: zones of grouhd-transmitted signals
at’ the usual aircraft’ altitudes and to permit
simultaneous reception at a plurahty of ground
stations of aircraft-initiated signals transmitted
at said: altitudes, conductor means extending be-
tween said stations providing a voice channel
capable of two-way transmlssion of audio-fre-
quericies- and a control erlergy channel;, a nor-
mally inoperative radio’ receiver, sound repro-
ducer” and: radio transmlttel at each of said
stations; eaech of said radio' transmitters being
oberablé: at- a frequency within the aircraft re-
cetver band- pass acceptance channel at an as-
sighed-fréquency, means including said channels
and automatically responsive’ to the initiation of
a- message at-any-ene of said ground stations for
causing said sound’ reproducers and said radio
transmitters to become opérative’ to reproduce
and: broadcast said' message at each of said
stations, and medans 1ncludmg said channels
autoliatically’ responsive to” the receptmn of an
aircraft-initiated messdge at any one of said sta-
tions for causing theé radio ‘récéiver at said one
station' and the séund reproducers at all stations
0 becorme operative t6 reproduce said message at
all of said stations and for catising only the radio
transmitiers in stations outside the range of said
1mt1atmg aireraft to rebloadcast said message.

2. A system’ for two-way radio’ commumcatxon

. bétWween - aireraft ahd ground over distances in

exéess of the normal range of’ transmlssmn and
récéption’ at the freguency of said communica-
tion, comprismg a plurality” of ground stations
spaced - apart dlstances greater than said range
at ground level but close enough to prov1de over-
lapping - zones of ground- transmltted signals: at
theé usual aircraft altitudes and to permit simul-
taneous 1eceptlon at a plurality of ground sta-
tions of alrcraft s1gna1s transmitted: at -said alti-
tudes 2 conductor voice channel-capablé of-two=
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way transmission of’ audlo-frequencles extending
between said stations, a conductor control energy
channel extending between said stations, a nor-
mally inoperative radio receiver, sound repro-
ducer and radio transmitter at each of said
stations, each of said radio transmitters being
operable at a frequency within the aircraft re-
ceiver band pass acceptance channel at an as-
signed frequency, switching devices at each sta-
tion automatically responsive to the initiation of
a message at any one of said ground stations to
cause the transmission of audio and control
energy over said channels for effecting opera-
tiveness of the sound reproducers and the radio
transmitters to reproduce’ and . broadcast- said
message at each of said stations, and switching
devices automatically responsive to the reception
of an aircraft-initiated message at any one of
said stations to cause the transmission of audio
and control energy over said channels for effect-
ing operativeness of the radio réceiver at said
one station. only and of the sound reproducers
at all stations to reproduce said message at all
of said stations and for eﬁectlng operatlveness

of the radio transmitters only at stations out- 3

side the range of said initiating aircraft to re-
broadcast said message.

3. A system for two-way radio commumcatlon
between aircraft and ground over distances in
excess of the normal range of transmission and
reception at the frequency of said communica-
tion, comprising -a plurality of ground stations
spaced apart distances greater than said range
at ground level but close enough to provide over-
lapping zones of ground-transmitted signals ab
the usual aircraft altitudes and to permit simul-
taneous reception at a plurality of ground stations
of aircraft signals transmitted at said altitudes,
conductor means extending between said stations
providing a voice channel capable of two-way:
transmission of audio-frequencies.and a control
energy channel, a normally inoperative radio re-
ceiver, sound reproducer and radio transmitter at
each of said stations, each of said radio transmit=
ters being operable at a frequency within the air-
craft receiver band pass acceptance channel at an
assigned frequency, means including said chan-
nels and automatically responsive to the initia-
tioh of a message at any one of said ground sta-
tions for causing said sound reproducers and said
radio transmitters to become operative to repro-
duce and broadcast said message at each of said
stations, and means automatically responsive to
the reception of an aircraft-initiated message at
adjacent ones of said stations and including tim-
ing means having different settings at adjacent
stations for disabling the receiver at all but one

of said adjacent stations for effecting operative-.

ness of the sound reproducing means at all
stations to reproduce said message at all of said
stations and for effecting operativeness of the
transmitters only at stations outside the range

of seid initiating aircraft to .rebroadeast said.

message.

4, A system for two—way radio communica’cxon'

between aireraft and ground comprising a plu-.
rality of ground stations each of which includes
a transmitter and a receiver, said stations being
spaced apart distances greater than the normal
effective range of said transmitters at ground
level but close enough to provide overlapping
signal zones at the usual aircraft altitudes, means
providing a long-distance voice channel capable
of two-way transmission of audio-frequencies
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and extending between sald stations, conductor
mesans providing a control energy channel be-
tween said stations, sound pickup and sound re-
producing means at each of said stations, selec-
tively operable means at each station for con-
necting the pickup means at that station to said
voice channel and for simultaneously supplying
control energy-to said control channel, automatic
means at each of said stations responsive to ener-
gization of said control channel for connecting
said sound reproducing means and said trans-
mitters to said voice channel and for turning on
said transmitters whereby messages originating
at any one of said stations are reproduced and
rebroadcast at each of said stations, receiver
controliled means at each of said stations respon-
sive to reception of a radio signal by the receiver
at that station for connecting the receiver out-
put to said voice channel and for energizing said

 control channel to operate said automatic means,

and means at each of said stations for preventing
operation of the said transmitter contr olling

_automatic means at that station when said con-

trol' channel is energized through said receivex

' controlled means at the same station whereby

messages received at any one station are repro-
duced at all of said stations but are rebroadcast
only at stations other than said one station.

5. A system for two-way radio communication
between aircraft and ground comprising a plu-
rality of ground stations each of which includes
a transmitter and a receiver, said stations being
spaced apart distances greater than the normal
effective range of said fransmitters at ground

* level but close enough to provide overlapping

signal zones at the usual aircraft altitudes, a long-
distance voice channel capable of two-way trans-.
mission of audio-frequencies and extending be-.
tween said stations, coniductors extending be-,
tween said stations providing a control energ,r, .
channel, a sound pickup device and a sound re-
producing device at each station, selectively oper-
able switching devices at each station for se-
lectively connecting the associated pickup device
to said voice channel and for simultaneously.
energizing said control channel, aubtomatic;
switching devices at each station responsive .to,
energization of said control channel for con-
necting said sound reproducers and said trans-
mitters to said voice channels and for turmng
on said transmitters whereby messages orlgmat-‘.
ing at any one of said stations are reproduced
and rebroadcast at each of said stations, auto-.
matic control devices at each station responsive to.
reception of a radio signal by the receiver at
that station for connecting the receiver output
to said voice channel and for energizing said.
control channel to operate said automatic switch-,
ing devices, and a discriminating element in the
control channel at each station for preventing
operation of the transmitter controlling. auto«
matic switching -device at.-that station When‘
said .control channel is energized through said.
receiver responsive control device at the same sta-
tion, whereby messages received at any one sta-
tion are reproduced at all .of said.stations but,
are rebroadcast only at statlons other than said,
one station.

6. A system for two -way radio commumcatlon
between aircraft and ground comprising a plu-.
rality of ground stations each of which includes
a transmitting-and-receiving site having a trans-,
mitter and a receiver thereat and at least one
operating site having 'a sound pickup device and
a-sound reproducer-thereat, said stations heing
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spaced apart distances greater than the normal
range of said transmitters at ground level but
close enough to overlap at the usual aircraft al-
titudes, means providing long distance and local
voice channels capable of two-way transmission
of audio-frequencies extending between said sta-
tions and between said sites at said stations,
means providing control energy channels ex-
tending between said stations and between said
sites at said stations, means at each operating
site for selectively connecting the associated
sound pickup device to said voice channels and
simultaneously energizing said control channels,
automatic means at said sites responsive to en-
ergization of said control channels for connect-
ing said sound reproducers and said transmitters
to said voice channels and for turning on said
transmitters whereby messages originating at
any one of said operating sites are reproduced at
each operating site and are rebroadecast at each
transmitting-and-receiving site, means at each
transmitting-and-receiving site responsive to re-
ception of a radio signal by the receiver at that
site for connecting the receiver output to said
voice channels and for energizing said control
channels to operate said automatic means at oth-
er sites, and means at each transmitting-and-re-
ceiving site for preventing operation of said au-
tomatic means at that site when said control
channels are energized through said receiver re-
sponsive means at the same site, whereby mes-
Sages received at any one station are reproduced
at all operating sites but are rebroadcast only at
stations other than said one station.

7. A system for two-way radio communication
between aireraft and ground comprising a plural-
ity of ground stations each of which includes a
transmitting-and-receiving site having a trans-
mitter and a receiver thereat and at least one
operating site having a sound pickup device and
a sound reproducer thereat, said stations being
spaced apart distances greater than the normal
range of said transmitters at ground level but
close enough to overlap at the usual aircraft alti-
tudes, a long distance voice channel capable of
two-way transmission of audio-frequencies ex-
tending between said operating sites, local voice
channels connecting said long distance voice
channel and each operating site with its associ-
ated transmitting-and-receiving site, conductors
extending between said stations and between said
sites at said stations providing control energy
channels, switching devices at said operating sites
for selectively connecting the associated pickup
device to said voice channels and for simultane-
ously energizing said control channels, other
switching devices at each operating site respon-
sive to energization of said control channels for
connecting the associated sound reproducer to
said voice channels whereby messages originating

at any selected operating site are reproduced at

all of said operating sites, switching meéchanism
at each transmitting-and-receiving site respon-
sive to energization of said control channels from
any one of sald operating sites for connecting
said local voice ehannels to the audio input of
said transmitters and for turning on said trans-
mitters whereby messages originating at any of
said operating sites are rebroadeast at all of said
stations, receiver controlled devices at each
t_ransmitt_ing-and-receiving site responsive to re-
ception of a radio signal by said receiver for con-
necting the audio output circuit of the receiver to
said voice channels and for simultaneously ener-
glzing said control channels to operate said other
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switching devices at said operating sites whereby
messages received at one transmitting-and-re-
ceiving station are reproduced at all operating
sites, and circuit elements in said local control
channels at each transmitting-and-receiving site
for preventing energization of said switching
mechanism through said receiver controlled de-
vice at the same site, said switching devices at
other stations operating upon said energization
of said confrol channels through said receiver
controlled device at said one station whereby
messages received at said one station are rebroad-
cast at other stations only.

8. A system for two-way radio communication
between aircraft and ground comprising a plural-
ity of ground stations each of which includes a
transmitter and a receiver, said stations being
spaced apart distances greater than the normal
effective range of said transmitters at ground
level but close enough to provide overlapping sig-
nal zones at the usual aircraft altitudes and to
permit simultaneous reception at a plurality of
stations of a message transmitted from aircraft
at said altitudes, means providing a long distance
voice channel capable of two-way transmission
of audio-frequencies and extending between said
stations, conductor means providing a control en-
ergy channel between said stations, sound pick-
up and sound reproducing means at each of said
stations, selectively operable means at each sta-
tion for connecting the pick-up means at that sta-
tion to said voice channel and for simultaneously
supplying control energy to said control channel,
automatic means at each of said stations respon-
sive to energization of said control channels for
connecting said sound reproducing means and
sald transmitters to said voice echannel and for
turning on said transmitters whereby messages
originating at any one of said stations are repro-
duced and rebroadcast at each of said stations,
receiver controlled means at each of said stations
responsive to reception of a radio signal by the
receiver at that station. for connecting the re-
ceiver output to said voice channel and for ener-
gizing said control channel to operate said auto-
matic means, means at each of said stations for
preventing operation of the said transmitter con-
trolling automatic means at that station when
said control channel is energized through said re-
ceiver controlled means at the same station
whereby messages received at any one station are
reproduced at all of said stations but are rebroad-
cast only at stations other than said one station,
said receiver controlled means at each station in-
cluding timing means providing a predetermined
time delay between reception of a signal and en-
ergization of said channels by sald receiver con-
trolled means, the time delay differing at adjacent
stations capable of receiving the same signal to
provide sequential operation, and means at each
station effective upon operation of said transmit-
ter controlling means for rendering said receiver
¢ontrolled means at that station ineffective to en-
érgize said channels whereby only the receiving
station having the lowest time delay effects ener-
gization of said channels.

9. A system for two-way radio eommunication
between aircraft and ground comprising 2 piural-
ity of ground stations each of which includes a
transmitter and a receiver, said stations being
spaced apart distances greater than the normal
effective range of said transmitters at ground
level but close enough to provide overlapping sig-
nal zones at the usual aircraft altitudes, and to
permit simultaneous reception at a plurality of

76 stations of a message transmitted from aircraft
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at said altitudes, a. long .distance voice channel
capable of two-way transmission of audio-
frequencies and-extending between said stations,
conductors extending between said stations pro-
viding a control .energy channel, a sound pickup
device and a souind reproducing device at each
station, selectively operable switching devices at
each station for selectively connecting the associ-
ated pickup device to said voice channel and for
simultaneously energizing said control channel,
automatic switching devices at each station re-
sponsive to energization of said control channel
for connecting said sound reproducers and said

transmitters to said voice channel and for turning:

on said transmitters whereby messages origi-
nating at any one of said stations are reproduced
and rebroadeast at each of said stations, receiver
controlled devices at each station responsive to
reception of a radio signal by the receiver at that
station for connecting the receiver output to said
voice channel and for energizing said control
¢hannel to.operate said automatic switching de-
vices, a discriminating element in the control
thannel at each.station for preventing operation
of the transmitter controlling automatic switch-
ing device at that station when said control chan-
nel is energized through said receiver controlled
device at the same station, whereby messages re-
ceived at any one station are reproduced at all
of said stations but are rebroadcast only at sta-
tions other than said one station, said receiver
controlled deviee at each station including 2 time
delay switch, said time delay switches having dif-
ferent settings at adjacent stations to provide

sequential operation of said receiver controlled s

devices, and contacts operable by said transmitter
controlling automatic switching device at each
station to render said receiver controlled device
at that station ineffective to energize said chan-
nels, whereby. only the receiving station having
the lowest time setting effects energization of said
voice and control channels.

10, A system for two-way radio communication
between aircraft and ground comprising a plu-
rality of ground stations each of which includes a
transmitter and a receiver, said stations being
spaced apart distances greater than the normal
effective range of said transmitters at ground
ievel but close enough to provide overlapping sig-
nal zones at the usual aircraft altitudes and to
permit simultaneous reception at a plurality of
stations of 5.message transmitted from aircraft
at said altitudes, means providing a long distance
voice channel capable of two-way transmission
of audio-frequencies and extending between said
stations, conductor means providing a control
energy channel between said stations, sound pick-
up and sound;reproducing means at each of said
stations, selectively operable means at each sta-
fion for connecting the pickup means at that sta-
tion to said voice channel and for simultaneously
supplying control energy to said control channel,
automatic means at each of said stations respon-
sive to energization of said control channel for
connecting §aid sound reproducing means and
said transmitters to said voice channel and for
turning on said transmitters whereby messages
originating at any one of said stations are re-
produced and rebroadcast at each of said stations,
receiver controlled means at each of said stations
responsive to, reception of a radio signal by the
receiver at that station for connecting the re-
ceiver output to said voice channel and for ener-
gizing said control channel to operate said auto-
matic means, means at each of said stations for
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preventing operation of the said automatic means
controlling said transmitter at that station when
said control channel is energized through said re-
ceiver controlled means at the same station
whereby messages received at any one station are
reproduced at all of said stations but are rebroad-
cast only at stations other than said one station,
said receiver controlled means at each station in-
cluding time delay means providing a predeter-
mined time delay between reception of a signal
and energization of said channels by said receiver
controlled means, the time delay differing at ad-
jacent stations capable of receiving the same
signal, means at each station effective upon oper-
ation of the transmitter controlling means at that
station for rendering the receiver controlled
means at the same station ineffective to energize
said channels, whereby only the receiving station
having the shortest time delay effects energiza-
tion of said channels, and means energizable by
said time delay means at the conclusion of its
time cycle for disabling the transmitter at that
station whereby a message received at a plurality
of stations is rebroadcast only at stations outside
the receiving range. ,

11. In a system for radic communication be-
tween aircraft and ground, a plurality of ground
stations each of which includes g transmitter and
a receiver, said stations being spaced apart dis-
tances greater than the normal effective range
of said transmitters at ground level but close
enough to permit simultaneous reception at a
plurality of stations of messages transmitted from
an aireraft flying at the usual aircraft altitudes,
means extending between said stations providing
a long-distance voice channel capable of two-way
transmission of audio-frequencies and a control
energy channel, receiver controlled means ot eachi
of said stations responsive to the reception of sig-
nals by the receiver at that station for connect-
ing the audio output of said receiver to said voice
channel and for energizing said control channel,
transmitter control means at each of said stations
responsive to energization of said control channel

« for connecting said voice channel to said trans-

mitter and for turning on said transmitter, said
receiver controlled means at each station includ-
ing timing means providing a predetermined time
delay between reception of a signal and energiza-
tion of said channels by said receiver controlled
means, said time delay differing at adjacent sta-
tions capable of receiving the same signal, and
means at each station effective upon operation
of said transmitter control means at that station
for rendering the receiver controlled means atb
that station ineffective to energize said channels,
whereby only the receiving station having the
shortest time delay effects energization of said
channels. ) ol

12, In a system for radio communication be-
tween sircraft and ground, a plurality of ground
stations each of which includes a transmitter
and a receiver, said stations being spaced apart
distances greater than the normal effective range
of sald transmitters at ground level but close
enough to permit simultaneous reception at g
plurality of stations of messages transmitted from
an aircraft flying at the usual aireraft altitudes,
means providing a lohg-distance voice channel
extending between said stations and capable

- of two-way transmission of audio-frequencies,

means providing a control energy channel extend-
ing between said stations, receiver controlled
means at each of said stations responsive io the

75 reception of signals by the receiver at that sta-
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tion for connecting -the audio output of said re-
ceiver to said voice channel and for energizing
said control channel, transmitter control means
at each of sald stations responsive to energiza-
tion of said control channel for connecting said
voice channel to said transmitter and for turning
on said transmitter, said receiver controlled
means at each station including timing means
providing a predetermined time delay between
reception of a signal and energization of said
channels by said receiver controlled means, said
time delay differing at adjacent stations capable
of receiving the same signal, means at each sta-
tion effective upon operation of said transmitter
contrc! means at that station for rendering the
receiver controlled means at that station ineffec-
tive to energize said channels, whereby only the
receiving station having the shortest time delay
effects energization of said channels, and means
at each station for preventing energization of
sald transmitter control means when said contro]
channel is energized through the receiver con-
trolled means at the same station whereby mes-
sages received and applied to said voice channel
at any one station are rebroadcast only at other
stations.

13. In a system for radio communication be~
tween aircraft and ground, a plurality of ground
stations each of which includes a transmitter and
a receiver, said stations being spaced apart dis-
tances greater than the normal effective range
of said transmitters at ground level but close
enough to permit simultaneous reception at a
Plurality of stations of messages transmitted from
an aircraft flying at the usual aircraft altitudes,
means providing a long-distance voice channel
extending between said stations and capable
of two-way transmission of audio-frequencies,
means providing a control energy channel ex-
tending between said stations, receiver controlled
means at each of said stations responsive to the
reception of signals by the receiver at that sta-
tion for connecting the audio output of said re-
ceiver to said voice channel and for energizing
sald control channel, transmitter control means
at each of said stations responsive to energization
of said control channel for connecting said voice
channel to said transmitter and for turning on
said transmitter, said receiver controlled means
at each station including timing means providing
a predetermined time delay between reception of
a signal and energization of said channels by said
receiver controlled means, said time delay differ-
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ing at adjacent stations capable of receiving the .

same signal, means at each station effective upon
operation of said transmitter control means at
that station for rendering the receiver controlled
means at that station ineffective to energize said
channels, whereby only the receiving station hav-
ing the shortest time delay effects energization
of said channels, means at each station for pre-
venting energization of said transmitter control
means when said control channel is energized
through the receiver controlled means at the same
station, and means at each station energizable by
said time delay means at that station at the con-
clusion of its time cycle for disabling the trans-

mitter at that station whereby messages received .

at a plurality of stations are rebroadcast only at
stations outside of the receiving range.

14. A system for two-way radio communication
between aircraft and ground over distances in
excess of the normal range of transmission and
reception at those frequencies, comprising a plu-
rality of ground stations spaced apart distances
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greater than said range at ground level but close
enough to provide overlapping zones of ground-
transmitted signals at the usual aireraft altitudes
and to permit simultaneous reception at a plu-
rality of ground stations of aircraft signals trans-
mitted at said altitudes, means extending between
sald stations providing a voice channel capable of
two-way transmission of audio-frequencies and
a control energy channel, a source of standard
frequency at one of said stations, frequency con-
tzol means at each station operable when ener-
gized by said standard frequency to supply con-
trolled frequencies to the transmitters, means
normally connecting said source and said fre-
gquency control means to said voice channel and
automatically responsive to initiation of a mes-
Sage at any one of said stations and to reception
of an aircraft-initiated message at any one of said
stations for disconnecting said source and said
frequency control means from said voice channel,
means including said channels and automaftically
responsive to the initiation of a message at any
one of said ground stations for reproducing and
broadeasting said message at each of said sta-
tions, and means including said channels and
automatically responsive to the reception of an
aircraft-initiated message at any one of said sta-
tions for reproducing said message at all of said
stations and for rebroadcasting said message only
from stations outside the range of said initiating
aircraft.

15. A system for two-way radio communication
between aircraft and ground over distances in
excess of the normal range of transmission and
reception at those frequencies, comprising a plu-
rality of ground stations spaced apart distances
greater than said range at ground level but close
enough to provide overlapping zones of ground-
transmitted signals at the usual aireraft altitudes
and to permit simultaneous reception at a plu-
rality of ground stations of aircraft signals trans-
mitted at said altitudes, a voice channel capable
of two-way transmissiocn of audio-frequencies ex-
a control energy.
channel extending between said stations, a source
of standard frequency at one of said stations,
mechanism at each station operable when ener-
gized at said standard frequency to supply pre-
determined controlled frequencies to the station
transmitters, a switching device at said one sta-
tlon normally connecting said source to said voice
channel, switching devices at said station nor-.
mally connecting said mechanism at each sta-
tion to said voice channel for energization by said
standard frequency, said switching devices being
operable whenever said control channel is ener-
gized to disconnect said source and said mecha-
nism from.said voice channel, switching devices
at each station automatically responsive to the:
initiation of a message at any cne of said ground
stations to cause the transmission: of audio and
control energy over-said channels for reproducing
and broadcasting said message at each of said
stations, and switching devices automatically re-
sponsive to the reception of an aircraft-initiated
message at any one of said stations to cause the
transmission of audio and control energy over
said channels for reproducing said message at all
of said stations and for rebroadcasting said mes-
sage only from stations outside the range of said:
initiating aireraft. DR

16. A system for two-way radio communication
between aircraft and ground comprising .2 plu-
rality of ground staticns each of which includes g
transmitter and a receiver, said stations heing
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spaced -apart .distances greater than the -normal

effective range of said transmitters at ground
level but close enough to provide .overlapping
signal zones at the usual aircraft altitudes, means
providing a long-distance voice channel capable
of two-way transmission of audio-frequencies and
extending between said stations, conductor means
providing a control energy -channel between said

-stations, sound pickup. and sound.reproducing

means. at each of said stations, a source:-of stand-
ard frequency at one of said stations, frequency
control means at each station operable when en-
ergized by said:standard frequeney to:supply .con-
trolled frequencies to. the transmitters, means
normally connecting :said source -and said fre-
quency control means to-said voice channel and
automatically responsive to-initiation of a ‘mes-
sage-at any. one of said stations -and to reception
of an aircraft-initiated message .at any oneof
said stations ‘for disconnecting said: source. and
said frequency control means from-said wvoice
c¢hannel, selectively. operable means at each sta-
tion for connecting the pickup means at that sta-
tion to said voice channel and for simultaneously
supplying control energy:to said control channel,
automatic means at each of said stations respon-
sive to energization of said control channel for
connecting said sound reproducing means and
said transmitters to said voice channel and for
turning on said transmitters ‘whereby messages
originating at any one of said stations are repro-
duced .and rebroadcast at each of said stations,
receiver controlled means at each of said stations
responsive to reception of a radio signal by the
receiver at that station for connecting the re-
ceiver output to said voice.channel and for ener-
gizing said control channel to operate said auto-
matic means, and means at each of said stations
for preventing operation of the said transmitter
controlling automatic means at that station when
said control channel is energized through said
receiver controlled means at the. same station
whereby messages received-at any one station are
reproduced at all of said stations but are re-
broadeast only at stations ofher than said one
station.

17. A system for two-way radio communication
between aircraft and ground over distances in
excess of the normal range of transmission and
reception at those frequencies, comprising a plu-
rality of ground stations spaced apart distances
greater than said range at ground level but close
enough to provide overlapping zones of ground-
transmitted signals at the usual.aireraft altitudes
and to permit simultaneous reception at a plu-
rality of ground stations of aircraft sighals frans-
mitted at said altitudes, means.extending be-
tween .said stations providing a voice channel
capable of two-way transmission of audio-fre-
quencies and a confrol energy channel, a source
of standard frequency at one:of said stations,
frequency control means at each station operable
when energized by said standard frequency -to
supply predetermined controlled frequencies to
the transmitters -at-said -stations, -said controlled
frequencies at adjacent stations differing from
each other to cause said transmitters to.operate
on-subchannel frequencies all of which are within
the aircraft receiver band-pass acceptance chan-
nel at the assigned frequency but which have fre-
quency separations such as+to produce heterodyne
beat notes of a frequency high :enough fo be
readily filtered out at the aircraft weceivers,
means normally connecting said source and said
frequency control means to said voice channel
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and- automatically responsive to initiation-of a
message-at any one of said stations and to recep-
tion of an aircraft-initiated message-at any one of
said stations for disconnecting said source and
sgid frequency control means from said voice
channel, means including said channels-and auto-
matically responsive to the initiation of a mes-
sage at any one .of said ground stations for re-
producing and broadcasting said message at each.
of said stations, and means including said chan-~
nels and automatically responsive to thereception
of an aircraft-initiated message at any one:of said
stations:for reproducing said message at all of said
stations and for rebroadeasting said message only
from stations outside the range of said initiating
aircraft.

18. In a system of radio communication from
ground to aircraft wherein a pluralily of ground.
transmitters .are interconnected for simultane-
ous operation to efiect transmission of a mes-
sage over a .zone in excess of the range of any
one transmitter and wherein said transmitters
are spaced to provide zones of overlapping signals
from adjacent stations at the usual aircraft al-
titudes, the method of preventing interfering
audible heterodynes in the reception of aircraft
in said overlapping zones, which method com-
prises providing each aircraft with a receiver for
receiving a predetermined band-pass acceptance
channel at an assigned frequency.and providing
adjacent transmitters for transmitting different
subchannel frequencies within said .acceptance
channel, energizing said adjacent transmitters at
said respective dimerent .subchannel frequencies,
and filtering .out the resulting hetercdyne beat
note produced in said overlapping zone at the
aircraft receiver.

19. In a system of radio communication from
ground to aircraft wherein a plurality of ground
transmitter stations are interconnected by a
single wvoice channel -for simultaneous operation
to effect transmission of a message over a zone in
excess of the range of any one transmitfer and
wherein said transmitters are spaced to provide
zones of overlapping signals from adjacent sta-
tions .at the usual aircraft altitudes, the method
of controlling said fransmitters which comprises
supplying to said voice channel a standard fre-
quency tone, providing a local oscillator for the
transmitter at each station for generating a pre-
determined frequency, controlling the local-oscil-
lator-at each station in accordance with a func-
tion of the standard tone and of the frequency
of the local oscillator to maintain the oscillator
frequency within a predetermined minimum fre-
quency variation, removing said standard fre-
quency tone from .said voice channel upon the
initiation of a message at.any station to free said
voice channel for transmission of said message
to .each transmitter, whereby said loeal oscil-
lators are uncontrolled during transmission, and
reconnecting - said standard frequency tone to
said voice:channel upon cessation .of the message.

20. In a system of radio communication from
ground to aircraft wherein a plurality of ground
transmitter stations are interconnected by a
single voice channel for simultaneous operation
to -effect transmission of a message over & .zone
in excess of the range of any onetransmitter and
wherein said transmitters are spaced to proevide
Zones -of overlapping -signals from adjacent sta-
tions at the usual aircraft altitudes, the method
of -controlling said transmitters to prevent in-
terfering audible heterodynes in the reception

75 of aircraft in said overlapping =zones, which
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method comprises providing local oscillators at
adjacent stations for generating different sub-
channel frequencies within the band-pass accep-
tance channel at the assigned frequency of the
aircraft receiver, said subchannels having fre-
quency separations such as to produce hetero-
dyne beat notes of a frequency high enough to
be readily filtered out. at the aireraft receiver,
energizing the local oscillators at the respective
adjacent stations to cperate the associated trans-
mitters at the different subchannel frequencies,
supplying to said voice channel a standard fre-
quency tone, controlling the local oscillator at
each station in accordance with a function of
the standard tone and of the frequency of the
local oscillator to maintain the transmitters on
said subchannel frequencies, removing said stand-
ard frequency tone from said voice channel upon
the initiation of a message at any station to free
said voice channel for transmission of audio to
each transmitter, said local oscillators being un-
controlled during transmission, and reconnecting
said standard frequency tone to said voice chan-
nel to reestablish control of said oscillators im-
mediately upon cessation of the message.

21. A system according to claim 1, wherein
each ground station includes a plurality of uni-
directional antennas respectively directed to-
ward adjacent ground stations, a separate re-
ceiver for each of said antennas, and means at
each station responsive to the reception of sig-
nals at said station for selectively connecting to
said voice channel the receiver which is supply-
ing the strongest signal and for disabling the
remainder of the receivers at said station.

22, A system according to claim 1, wherein
each ground station includes a plurality of uni-
directional antennas respectively directed to-
ward adjacent ground stations, a plurality of re-
ceivers at each station respectively connected to
said antennas, a selector unit associated with each.
receiver and responsive to the reception of sig-
nals for connecting said receiver to said voice
channel and supplying control energy to said con-
trol channel, and means interconnecting said
selector units to permit operation only of the
selector unit associated with the receiver receiv-
ing the strongest signal whereby the remainder of
said receivers at said station are disabled. .

23. A system according to claim 1, wherein each
ground station includes a plurality of unidirec-
tional antennas respectively directed toward ad-
jacent ground stations, a separate receiver for
each of said antennas, and selector means at each
station responsive to the reception of signals at
said station for selectively connecting to said voice
channel the receiver supplying the strongest sig-
nal and for supplying control energy to said con-
trol energy channel, said selector means being
effective to disable the remainder of the receivers
at said station and including time delay means for
maintaining said receivers disabled for a sufficient
time interval after cessation of said signals at said
selected receiver to permit disabling of all re-
broadcasting stations.

24. A system according to claim 4, wherein
each ground station includes a plurality of receiv-
ers respectively connected to unidirectional an-
tennas directed toward different adjacent ground
stations, and selector means at each station re-
sponsive to the strength of signal reception for
connecting to said receiver controlled means the
receiver that is receiving the strongest signal and
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for disabling the remaining receivers at said
station.

25. A system according to claim 6, wherein each
transmitting-and-receiving site includes a plural-
ity of unidirectional receivers respectively directed
toward adjacent ground stations, selector means
associated with each of said receivers and respon-
sive to the relative strength of the signals received
by said respective receivers for disabling all of said
receivers except the one receiving the strongest
signal whereby said means for connecting the re-
ceiver output to said voice channels and for ener-
gizing said control channels is controlled by said
one receiver, means effective upon cessation of
said strongest signal for deenergizing said control
channels, and time delay means for maintaining
the disabled condition of said receivers until after
all of said other stations have ceased rebroad-
casting of said signal.

26. A system for two-way radio communication
between aircraft and ground over distances in
excess of the normal range of transmission and
reception at the frequency of said communication,
comprising g plurality of ground stations spaced
apart distances greater than said range at ground
level but close enough to provide overlapping
zones of ground-transmitted signals at the usual
aircraft altitudes and to permit simultaneous re-
ception at a plurality of ground stations of air-
craft-initiated signals transmitted at said alti-
tudes, conductor means extending between said
stations providing a voice channel capable of two-
way transmission of audio-frequencies and a con-
trol energy channel, a normally inoperative radio
receiver, a normally inoperative radio transmitter
and a sound reproducer at each of said stations,
each of said radio transmitters being operable at
a frequency within the aircraft receiver band pass
acceptance channel at an assigned frequency,
means including said channels and automatically
responsive to the initiation of a message at any
one of said ground stations for causing the sound
reproducers at at least some of said stations to
become operative to reproduce said message
thereat and for causing the radio transmitters at
all of said stations to become operative to broad-
cast said message at each of said stations, and
means including said channels and automatically
responsive to the reception of an aircraft-initiated
message at any one of said stations for causing
the radio receiver at said one station and for
causing only the radio transmitters in stations
outside the range of said initiating aircraft to
become operative to rebroadcast said message,
and for causing the sound reproducers at at least
some of said stations to become operative to re-
produce said message thereat.

EVAN A. JENSEN.
KENNETH J. RHEAD.
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