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10 Claims.

This invention relates in general to carrier
wave communications systems and more particu-
larly to a communications system in which car-
rier wave energy is distributed over relatively
large areas by means of public utility lines or
other conductors.

The system of the invention is especially use-
ful in distributing carrier-wave signals through-
out various Zones within a relatively large area
by means of carrier-wave signals impressed on
public utility power circuits or other conductors
extending throughout the area, the amplitude of
the carrier-wave signals being controlled in each
zone in such manner that excessive space radia-
tion of radio wave energy is not caused.

The system also provides means for distributing
carrier-wave signals from a central station or
studio on power lines extending throughout a
large area, and subsequent re-distribution of the
carrier signals throughout various zones within
the area, the secondary distribution within each
zone being adaptable to meet varying attenuat-
ing conditions in different portions of power line
circuits for the purpose of over-riding electrical
noise peculiar to various localized sections of
power networks.

In prior applications of carrier-wave signal
distribution methods, particularly in providing
local broadcasting services by means Q%;
rier signals impressed on power lines ihg
throughout a given area, many attempts have
been made to obtain coverage of the complete
area at broadcast frequencies, in order to permit
the use of existing broadcast receivers in home
and other buildings. Results obtained with such
systems have been considered unsatisfactory be-
cause of the varying attenuating characteristics
of different portions of the electric-power distri-
bution network, particularly in transformers, in
BX or conduit, and in underground circuits, while
serious interference has commonly been caused
by electric motors, gaseous-discharge lighting
appliances, and other sources of objectionable
electric noise at various localized points. The re-
sult has been that in outlying sections of areas of
substantial size, the ampltiude of carrier-wave
signals transmitted from a remote central point
is so low that the satisfactory reception of ampli-
tude-modulated signals, as transmitted at broad-
cast frequencies from a central station, is made
impossible at many receiving points because of
high electrical noise levels. In various attempts
to overcome such interference, transmitters of
increased power have been employed at the cen-
tral station in some instance, variable phasing
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arrangements have been used in other cases to
effect in-phase or out-of-phase relationship of
carrier-wave energy on different conductors of
power-line circuits, or as in some university
broadcasting systems, repeater stations supplied
with audio-frequency energy transmitted by tele-
phone line connection between the central station
and the repeater transmitters, have been utilized.
In the first instance, the use of high-power
transmitters at broadcast frequencies causes eX-
cessive space radiation of wave energy with subse-
quent possibility of serious interference with dis-
tant broadcast stations on the same or adjoin-
ing frequencies. In the second case, matching
and phasing networks with high-voltage coupling
units are required to minimize radiation, while
in the third case, extension telephone-line instal-
lations are required.

In the system of the invention, which is partic-

ularly adaptable for use in distributing musical

rograms or other information to all zones with-
iA I IarEe area, all signal distribution is effected
on existing power lines or other wire circuits ex-
tending throughout the area. Carrier wave en-
ergy of relatively low frequency, which is atten-
uated by a comparatively small amount in pass-
ing through power circuits, is employed by the
central station, or primary, transmitter in dis-

amplitude-modulated or. frequency-

ibutin;

&ogglgted primary signals throughdut the en-
ire area, while in each local zone of the area,
where signals need reinforcement, or where local
noise conditions are excessive, automatic, car-
rier-operated conversion, or secondary, transmit-
ters, the output of which may be regulated by
definite steps to enable each secondary transmit-
ter to effectively serve its zone without causing
objectionable space radiation of wave energy, re~
distribute the signals throughout each zone on
broadcast frequencies.

In this manner, all portions of large residen-
tial or industrial areas may be reached with ef-
fective carrier-wave signals having an amplitude
sufficient to over-ride local noise conditions. In
addition, by the use of frequency-modulation
circuits in the central station transmitter, and in
each of the receivers associated with the zone,
or secondary, transmitters, primary signal dis-
tribution may be effected with a minimum of in-
terference despite electric noise levels of extreme-
Iy high amplitude. In this instance, secondary

distribution may be effected either by amplitude-
modulated secondary transmitters in order that
conventional amplitude-modulated broadcast re-
ceivers may be employed within the various zones,

CRANMING
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r by secondary frequency-modulated transmit-
rs, the signals from which may be received by
vailable frequency-modulation receivers in
omes or at other points within each zone.

The system of the invention also incorporates
induction signaling ftechnique by which in each
primary and secondary zone a localized radio-
induction field, extending laterally for a distance
of several hundred feet from roadside electric
power lines throughout a given area, may be used
in reaching operators of motor vehicles, locomo-
tives, or other mobile units equipped with suit-
able receiving apparatus for radio traffic control
or mobile communications services. Further,
though the use of pocket-size receivers, hearing-
aid type earphones and associated carrying belt
with built-in horizontal-loop antenna, as dis-
closed in co-pending application Serial No. 514,094,
filed Dec. 13, 1943, key plant personnel, patrol-
men, or other persons moving on foot in various
parts of large industrial areas, where loudspeak-
ers cannot or should not be employed, can be
reached effectively despite high ambient noise
levels.

The system may also be utilized in operating
facsimile or teleprinter apparatus in various por-
tions of a given signal distribution network, such
graphic-record transmission service being han-
dled on power-line networks concurrently with
aural intelligence without mutual interference
between the different services. In this manner,
broadcasting stations may extend their scope of
operation and provide new mass-communicating
facilities without the injecton of the serious fre-
quency allocation problem which would be in-
volved in normal space-radio transmission of the
same signals.

It is a primary object of this invention to pro-
vide means for distributing signal intelligence
throughout large areas or within localized zones
within these areas, through the use of carrier-
wave signals of different frequency ranges im-
pressed on electric power line or other conduct-
ing circuits extending through out these areas,
said distribution being effected with a minimum
of space radiation of wave energy.

It is another object of the invention to provide
means for distributing carrier wave sighals
throughout all zones within a given area with
an effective carrier wave signal having an am-
plitude sufficient to provide useful broadcast serv-
ice and to over-ride ambient line noise peculiar
to each zone, distribution of signals in the var-
ious zones being effected by means of a converter
and/or repeater transmitter, individual to each
localized zone, with a central station, or primary
distribution, transmitter controlling the overail
operation of the entire system.

It is an additional object of this invention to
provide means whereby carrier-wave sighals from
a central station transmitter may be distributed
by electric power lines or other conductors
throughout a given area, and means whereby the
primary signals from the central station trans-
mitter are received and re-distributed on a sec-~
ondary carrier frequency in various zones
throughout said area, the zone transmitters being
placed in operative condition automatically dur-
ing periods in which carrier-wave energy from
the central station trandsmitter is received at the
zone transmitting points.

It is a further object of this invention to pro-
vide means whereby carrier-wave signals from a
central station transmitter may be impressed on
power line circuits in such manner that the am-
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plitude of said carrier-wave signals is regulated
in definite predetermined steps without affecting
the tuning or loading circuits of the transmitter,
and means whereby the carrier-wave energy from
the central station is received and re-transmitted
within each zone of said area on a secondary
frequency, the amplitude of said secondary sig-
nals also being regulated in definite predeter-
mined steps, without affecting the tuning or load-
ing adjustments of the zone transmitter, in ac-
cordance with the signal-level requirements with-
in each zone.

It is another object of this invention to pro-
vide an intelligence disseminating system in
which primary carrier-wave signals are distrib-
uted from a central station by means of carrier-
wave signals of relatively low frequency im-
pressed on power lines or other conductors ex-
tending throughout a given area, said primary
signals being received and re-transmitted on a
secondary power line or other wire circuits ex-
tending throughout each zone, and means where-
by each of the zone transmitters may be utilized
in effecting selective coverage of each zone from
a local control point without interference from
said primary signals or without interfering with
carrier-wave signals from zone transmitters in
adjoining zones,

It is another object of this invention to provide
means for establishing a plurality of localized
induction-radio signaling zones adjoining public
utility lines or other metallic conductors extend-
ing within each zone, the lateral extension of
each of said signaling zones being regulated in
definite predetermined steps by signal attenuat-
ing means associated with carrier-wave trans-
mitters individual to each zone, each of said
transmitters being controlled by carrier-wave en-
ergy transmitted from a central station trans-
mitter electrically connected with the public util-
ity network or other metallic circuits extending
throughout the area in which each of said zones
form a part.

In the drawings:

Fig. 1 is a block diagram of the system of the
invention showing the carrier wave distribution
network employing a central station, or primary
transmitter and a plurality of zone, or second-
ary, transmitters for re-transmission of intel-
ligence within localized signaling zones of a given
primary distribution area.

Fig. 2 is a block diagram of the system pic-
torially disclosing the frequency conversions and
transmission paths followed by carrier-wave sig-
nals during distribution on primary circuits from
& central transmitting point and in secondary
distribution throughout various zones within a
given area. )

Fig. 3 is a block diagram of the signaling sys-
tem wherein three localized signaling zones, each
adjoining the other, are established by re-dis-
tribution of primary signals by three secondary
transmitters, the operating frequencies of the
secondary transmitters being such that no mutual
interference is caused between the zone trans-
mitters,

Fig. 4 is a combination schematic and block
diagram showing one form of R. F. attenuator
employed in the invention to regulate the ampli-
tude carrier-wave signal energy, impressed on
wire conductors, in definite predetermined steps.

Fig. 5 is a schematic representation of one
form of R. P. attenuator and line coupling unit
employed in the system of the invention, a two-
wire R. F. transmission line employed in induc-
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ing carrier signal energy on high-voltage feeders,
and a termination unit for minimizing space radi-
ation of wave energy from the line.

Fig. 6 is a chart showing the attenuation of
signal energy, expressed in decibels, in relation
to the various steps of the attenuator.

Fig. 7 is a wiring diagram of one form of car-
rier-wave receiver showing the carrier-wave re-
lay connected to be operable by received carrier
signal energy.

Fig. 8 is a wiring diagram of the transmitter
showing the power relay connected to be con-
trolled by the carrier-operated relay of the re-
ceiver shown in Fig, 7.

Fig. 9 is a positional modification of the hook
switch H, shown in Fig. 7.

In the block diagram of Fig. 1, Fig. 1 showing
a representative arrangement of a power dis-
tribution system upon which is superimposed
R. P, energy from the central station and zone
transmitters of the system of the invention, the
elective power sub-station 98 is connected with
primary feeders, such as 97, to supply power or
secondary, distributing feeders 100 in both zZone
1 and zone 2 are connected with line trans-
formers, which are clearly identified by legend
on the drawings, Fig. 1. Buildings 101 in both
zones | and 2, served by secondary power cir-
cuits, as identified by legend on the drawings,
are representative of any building or construc-
tion, wherein 115 volt 60 cycle A. C. is provided.

R. F. transmission lines, or induction cable,
95 and 96 are designated as “R. F. induction
cable” by legend on the drawings, and are in-
stalled in proximity to high-voltage feeders of
the elective power system for the purpose of in-
ducing R. F. signal voltage on the various par-
allel conductors of the feeder systems without the
requirement of high voltage coupling condensers
or L,/C matching networks.

The induction cable is disposed in spaced re-
lation and parallel with the power feeders, and
may be placed at either side of the sub-station
98 in order to induce R. F. signal energy in each
branch of the feeder circuit.

At the central station transmitter 104, the
mircrophone 102 is connected to a transcription
unit 103 with suitable mixer-amplifiers. The out-
put of the transcription unit and mixer-ampli-
fler is connected to the input circuit of trans-
mitter 104. The output of the central station
transmitter 104 is connected to an R. F. attenua-
tor 105, the output circuit of which is connected
to the R. F. transmission line or induction cables
95 and 96. The extreme ends of the R. F. in-
duction cables are connected with variable ter-
mination units 132 so that the R. F. induction
line may be terminated in its characteristic im-
pedance, thereby inhibiting the formation of
standing waves on the R. F. induction cable, and
minimizing space radiation of radio wave en-
ergy. Under these conditions, the field surround-
ing the induction cables and within the distance

157,000
ke.

is principally of an inductive nature, with field
intensity decaying rapidly with distance, approxi-
mately, in some instances a rate of decay vary-
ing as the cube of the distance, laterally, form
the induction cables. Inasmuch as the R. F. in-

ft. (3 2x)

duction field of high intensity exists in the im-
mediate vicinity of the R. F. induction cables,
and as this concentrated field extends longitudi-
nally for the length of the induction cable with-
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out the existence of effective standing waves to
inject pronounced induction cables without the
existence of effective standing waves to inject
pronounced peak voltage and nodal points along
the cables, R. P. signal energy of the order of
several thousand milli-volts may be impressed
on the electric power circuits without excessive
space radiation of radio wave energy at distances
substantially in excess of A\/2=.

To pick up the signal in zones | and 2, a re-
ceiving induction cable (07 is shown in spaced
relation to the feeder 91, in the vicinity of line
transformers 106. Termination unit 108 is con-
nected to the extreme end of the receiving in-
duction cables 107, to provide optimum matching
for the end of the line while the opposite end of
cable 107 is connected to the input circuit of the
zone receiver. The received-signal is then re-
transmitted through the 2zone re-distribution
transmitter 110, as indicated schematically in the
diagram. An R. F. attenuator i1 is connected
across the output circuit of the zone transmitter
110, while induction cable 112, connected to the
output of R. F. attenuator {11 is disposed in prox-
imity to the elective power feeders 100. It will,
therefore, be seen that the carrier signals trans-
mitted over the power network to zones { and 2
are picked up by induction cable 107 and subse-
quently re-transmitted over induction cable (12,
thereby eliminating the excessive loss in signal
energy caused by transmission of R. F. carrier
signal energy through line transformers, such as
99, which also are responsible for much of the
electrical noise in carrier circuits.

In order to distribute primary signals on pub-
lic utility wire circuits without excessive attenu-
ation a relatively low frequency is employed by
the central station transmitter low. This fre-
quency is normally in the range of 50 to 150 kilo-
cycles. The signal is picked up in each zone re-
distribution point by the zone receivers and im-
pressed upon the associated zone re-distribution
transmitters, which operate on various zone fre-
quencies, such as those in the range of about 540
to 1600 kilocycles. Thus, by a primary distribu-
tion frequency in the 50-150 kilocycle band wire
signal attenuation on electric power or other wire

,networks is relatively low and subsequent redis-
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tribution in localized zones at frequencies in the
550-1600 kc. band existing broadcast receivers
may be used in the buildings in zones | and 2. The
result is that signals from the central station
may be picked up on conventional broadcast ra-
dios in zones | and 2 without the attendant loss
in signal strength that would be present if broad-
cast frequencies were employed by the central
station transmitter,

The signal distribution systems in zones | and
2 are fundamentally the same inasfar as compo-
nents are concerned. The carrier-operated relay
of each zone receiver automatically applies plate
voltage to the zone re-distribution transmitter as
long as carrier-wave energy is being received
from the central station transmitter.

The block diagram of Fig. 2 indicates the var-
ious distribution frequencies and paths of pri-
mary and secondary signals in the system. The
symbols on the diagram are explained by foot-
note on the drawings. Central station micro-
phone 102 is connected to the transcription unit
103 including mixers and amplifiers. The cen-
tral station transmitter 104 and R. F. attenuator
and line coupling unit {13, are connected so that
a signal may be impressed upon the main power
feeder 97 through capacity coupling between a

EXamine
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secondary feeder (15 carrying 115 volts A. C. and
R. F. attenuator and line coupling unit {13. The
secondary feeder selected for this function pref-
erably should be in proximity to the sub-station
from which main feeders 97 extend toward the
various zones of the power network. The zone
receiver 114 will pick up the carrier-wave signals
transmitted from the central station in the 50 to
150 kilocycle band and the signals will be re-
transmitted over the zone re-distribution trans-
mitter 110 in the 540 to 1600 ke, band. The car-
rier-operated relay (16 of receiver 114 applies
power to operate the zone transmitter when the
relay is closed during reception of carrier wave
energy from the central station transmitter. The
R. F. attenuator and line coupling unit (18 are
connected to the output of the transmitter 110.
Service receivers in each secondary circuit are
identified in the drawings, as are loudspeakers,
represented by conventional symbol and the
legend “LS.”

The audio-frequency modulating signals are
impressed on the central station transmitter 104,
and the primary distribution carrier-signal at a
frequency in the 50 to 150 kec. band, is impressed
upon the main feeders through secondary power
circuits coupled to R. F. attenuator and line
coupling unit i{3. The carrier wave energy on
the secondary power feeders in the local zone is
impressed upon the input circuit of the zone re-
ceiver through power line connection with the
secondary circuit. The output signal of the zone
receiver, representing the audio frequency com-
ponent of the primary distribution carrier, is im-
pressed upon the signal input circuit of the zone
transmitter 110, The secondary re-distribution
carrier at a frequency in the 540 to 1600 kc.
range, is impressed upon the same secondary
power circuits that serve to carry the primary
distribution signals to the input circuit of the
local zone receivers, interference between the two
signals being prevented through use of different
frequency bands and the choice of carrier fre-
quencies not in harmonic relationship.

In the block diagram of Fig. 3, wherein the
general arrangement of centra] station transmit-
ter and the zone receivers with re-distribution
transmitters are substantially the same as the dis-
closure in Fig. 2, a plurality of adjacent localized
zones is shown. In such a re-distribution system,
in which the zone signaling fields overlap each
other it is desirable to use at least two secondary
distribution frequencies in the system. By this
means signals in adjacent zones would not cause
mutual interference. However, it is pointed out
that the same frequency may be used by two or
more different zone transmitters, providing that
there is not sufficient overlapping of the effective
signaling fields to cause objectionable hetero-
dyne effects.. In Fig. 3, zones | and 3 are spaced
sufficiently to prevent interzone interference,
while in the intervening zone 2, a different
frequency is employed. Therefore, by using
power lines with the energy of the carrier
wave signals conducted thereon, and provid-
ing that there is no effective space radiation
of carrier wave energy, a series of receivers .in
the various signaling zones may be used to pick
up the primary distribution carrier and re-dis-
tribute the signal energy over localized zone trans-
mitting systems in a frequency band different
than that employed in primary distribution, while
the same secondary carrier frequency may be
utilized by zone transmitters in' different zones,

or different zone frequencies may be employed .
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dependent upon local power distribution net-
works. It is pointed out that the carrier ampli-
tude of secondary signals in each zone distribu-
tion system may be controlled in definite steps
by means of the R. F. attenuators, thus minimiz-
ing interference between secondary signals in dif-
ferent zones separated by line transformers which
further tend to reduce interzone interference as
long as no direct space radiation exists.

It will be seen in Fig. 3 that the central station
equipment operating on a frequency of 50 kilo-
cycles and the attenuator and line coupling unit
are similar to that already described in Fig. 2.
The line coupling unit is used, as will be described
hereinafter, where there is a direct capacitive con-
nection to secondary power line circuits, in con-
tradistinction to the induction method of cou-
pling, as set forth in relation to Fig. 1.

In zones I, 2 and 3 of Fig. 3, the legend “C O
relay” represents the carrier-operated relay. The
legend “Trans PS” represents the transmitter
power supply. The legend “R.F. A. and L. C, U.”
represents the R. F. attenuator and line coupling
unit. The legend “Trans 540 KC” represents the
transmitter operating on 540 Kkilocycles. The
legend “Rec 50 KC” represents the zone receiver
operating on a frequency of 50 kc., which is the
frequency of the central station transmiter, The
legend “BCR” represents a conventional broad-
cast receiver. Zones | and 8 have the transmitter
legend marked at 540 kilocycles, while zone 2 has
the transmitter marked at 560 kilocycles. The
transmitters in zones | and 3 operate on a fre-
quency F1, while the transmitter of zone 2 oper-
ates on a frequency F2.

The arrow symbols, showing the transmission
paths and frequencies of signal energy impressed
on the various portions of the circuit, are similar
to those symbols referred to in relation to Fig. 2.

The combination block diagram and schematic
diagram of Fig. 4 shows the R. P. attenuator 120
having a plurality of resistors, such as 12{, con-
nectable to the contacts, such as 122. The
switches 123, 124 and 125 connect the resistor
121 in T-pad connection, and are all on the same
shaft 126. The switch shaft 126 is operable so
that the resistors, such as 121, of predetermined
value may be selected to provide the proper at-
tenuation of signal energy while maintaining the
input and output circuits of the attenuator at a
substantially constant value, thereby presenting a
substantially constant load to the transmitter at
all times.

A condenser 127 is in series with switch 125 and
the terminal 128, which terminal is the un-
grounded side of the 115 volt 60 cycle A. C. sec~
ondary power circuit. A concentric or co-axial
cable with outer sheath 130 and an inner metallic
conductor 131, is connected to the carrier wave
receiver as indicated. The opposite end of the
cable is connected, as shown, to a band-rejection
filter 132 for the purpose of rejecting carrier
wave energy from the local zone transmitter,
represented as operating on 550 kilocycles. 'The
carrier-operated relay of the zone receiver and
the power relay of the zone transmitter are shown,
symbolically, connected so that carrier wave en-
ergy received by the zone receiver will cause the
carrier-operated relay to actuate, in turn apply-
ing plate power to the zone transmitter, as de-
scribed in more detail in the portions of the
specifications relating to Figs. 7 and 8.

The symbols showing the transmission paths
and frequencies of the signals are described by
legend in Fig. 4.
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The R. F. attenuator and line coupling unit
in Fig. 4 is utilized when direct coupling to the
power line is desired. The band-rejection filter
132, shown by legend “BRF,” may be of any type
that will adequately reject the carrier with its
side bands of the local zone transmitter and
prevent the signal of the local fransmitter from
returning to the input of the receiver.

Referring to the schematic diagram of Fig. 5,
the R. F. attenuator and line coupling unit 133
is substantially similar to the disclosure in Fig.
4. A power line coupling condenser i34 is con-
nected between switch (35 and the R. F. trans-
mission line. A termination unit, 136, is shown
as of variable type and is connected between
the end of the R. F. induction cable and the
ground wire, which may be the ground wire of a
parallel power line system, or a separate par-
allel ground wire individual o the signaling sys-
tem. A conductor 137 is shown connected be-
tween terminals 138 and 139. While a specific
metallic conductor is shown between terminals
138 and 139, it will be observed that both ter-
minals are connected to ground. The metallic
conductor 137 may or may not be used, as the
installation may require. Switches 140, 141 and
135 are connected on the same shaft 142 and are
operated simultaneously. The carrier wave
transmitter is connected by a shielded conductor
143 to the switch (40 of attenuator 133. The
sheath of the conductor (43 is grounded, as
shown by symbol. Each of the switches 140, 141
and 135 are connected with resistors, such as 144,
of predetermined value, and arranged in T-pad
connection so that the attenuator may be ad-
justed in definite steps from 1 to 11, while the
input and output impedances of the unit are
substantially constant for all attenuation set-
tings.

Fig. 6 is a chart showing the attenuator step
numbers and the attenuation in decibels. By
legend, the attenuation in decibels in Fig. 6 is
shown as “Att. in DB.” The various resistors in
the T-pad attenuator are of such value that the
attenuation in decibels varies two decibels per
step for each step of the attenuator in the range
from zero to 20 decibels.

While only the carrier wave transmitter is
shown in Fig. 5, it is to be understood that the
receiver, carrier-operated relay, and transmitter
power relay are used in the same manner as
shown in the other drawings of the case.

Fig, 7 is a wiring diagram of one form of Zone
receiver employed in the system of the inven-
tion. Terminal 61 is the antenna connecting ter-
minal which connects a condenser to switch 62.
Switches 62, 63, 64, 65, 66 and 6T are all con-
nected to a single shaft 68, The antenna coil
69 is connectable through switch 63 to the R. F.
tube 10. The R. F. coil 11 is connectable through
switch 65 to the oscillator-mixer tube 72. The
oscillator coil 713 is connectable to the oscillator
tube 12 by means of switches 66 and 61. The
plate of the oscillator-mixer tube 72 is connected
to the first I. F. transformer 14, and then to the
1. F. tube 15. The second I. F. transformer 14’
is connected with the I. F, tube 15 and the duo-
diode tube 16. The first half of the duo-diode
tube is a detector, while the second half pro-
vides voltage for the automatic volume control
which is also fed to the relay amplifier tube por-
tion 71, which in turn provides voltage to oper-
ate the relay 18. The first audio portion 79 is in
the same envelope with the amplifier relay tube
portion 11. The plate of the first audio portion
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19 is connected to the audio output tube 80, the
plate of said tube 80 being fed to primary wind-
ing of transformer 8f. The loudspeaker 82 is
connected across one of the secondary windings
83, while a second secondary winding 84 is con-
nected through contacts 85 of relay Rl to the
terminals L—IL’. A pilot light 86 is connected
through contact set 88 of relay RI so that the
pilot light 86 is illuminated when relay Rl is
energized. Plate voltage is provided at terminal
92, while all filaments are connected from a suit-
able source. The power supply is conventional
and therefore, is not shown. A gain control 93
and an audio frequency volume control 94 are
both provided in the circuit. It will, therefore, be
seen that a portion of the received signal will
energize the monitor loudspeaker 82, while a
portion of the energy component in winding 84
is impressed on terminals I—L’. When the re-
ceived-signal causes the relay tube 18 to oper-
ate, the relay R{ will become energized, thereby
closing contacts of said relay and impressing the
signal component from the winding 84 across
terminals L—L’ of the receiver, which terminals
in turn are connected to terminals L—IL’ of the
transmitter in Fig. 8. The pilot light 86 is en-
ergized when the relay is closed to serve as a
visual indication of proper operation.

Referring to Fig. 7, when the relay Rl is op-
erated so that contacts 85 are closed, it will be
seen that the audio component from the winding
84 of the receiver is being fed to terminals L—L..
Terminals L—IL’ of Fig. 7 connect to terminals
L—I., respectively, of Fig. 8. When the micro-
phone is on the hook H, the winding 20 of the
input transformer of the transmitter (Fig. 8) is
connected to the terminals IL—L’ of the trans-
mitter through the upper contact of the hook
switch H, thus permitting the audio component
of the receiver to be impressed upon the input
of thne transmitter to moaulate same.

The D. C. supply voltage used to energize the

power relay and microphone is fed from terminal
41, through the winding of the power relay R2,
then through the microphone portion of the
winding 20 of the input transformer back to ter-
minal I, and then through the contact set 83
(Fig. 7), through the winaing 84 (Fig. 7) back to
the opposite side of the lne to terminal L,
through the upper contacts of hook switch H,
through the resistor 21 to ground. The power
relay R2 will then be operated and the power sup-
ply 1or the transmitter will be completed through
the relay contacts by way of conductor Su (k1g.
8), to the ground, so that the transmitter is in
operation.
_ When it becomes desirable to operate the
transmitter independently by the local transmit-~
ter microphone instead of having the transmitter
modulated by the output of the receiver, the re-
moval of the microphone from the hook switch
H will cause the transmitter hook to be moved to
an upper position thereby opening the upper con-
tact and closing the lower contact of said hook
switch, as shown in Fig. 9. The power supply
from the terminal 47 in Fig. 8 will be connected
through the winding of the power relay R2, then
through the microphone portion of the winding
20 of the input transiormer, through the lower
contacts of the hook switch H, to the terminal 52,
which terminal is connected to terminal 55 (Fig.
7), through the microphone 57, then through the
Dbress-to-talk switch 60 to the ground terminai
86. The microphone and the relay winding of
power relay R2 are in series,
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The transmitter wiring diagram, shown in Fig.
8, has the input terminals L—L’ which are con-
nected to the output terminals I—L’ of the re-
ceiver, shown in Fig. 7. The input terminals
I—L' of Fig. 8 are connected to the input trans-
former 20 by audio-frequency attenuator includ.
ing resistors 2{, 22, 23 and 24 in addition to the
condenser 25. The output winding of the signal
input transformer 20 is connected to the audio
amplifier tube 26, which tube is in turn con-
nected to the driver transformer 27, and the
modulating tube 28. Plate voltage is fed through
the modulation transformer (30 to modulate the
plate and screen of the R. F. power amplifier tube
29, The rectifier tube 30 and the transformer 3t
have a conventional filter network 32. Plate
voltage is fed from terminal 33 to the master
oscillator tube 34, A voltage regulator tube 35',
shown by legend “VR,” regulates the screen volt-
age of the master oscillator tube 34 to insure
frequency stability under varying power line volt-
age, 'The master oscillator coil has a long wave,
or low frequency, section designated as LW, and
a broadcast frequency section designated as BC.
These coils are connected through switches 35
and 36 to the master oscillator tube 34. The
master oscillator is connected to the power am-
plifier tube 29 in a conventional manner. The
output of the power amplifier tube 29 is con-
nected to switch 37. Switches 35, 36, 37 and 38
are all controllable from a single shaft 39. The
broadcast frequency plate tank-coil 40, and the
low frequency, or long-wave, plate tank coil 41
cooperate in conjunction with the coupling coil
42, The loading coil 43 is connected between
terminals 44 and Al. Terminals Al, A2, A3 and
A# are provided for connecting to the line to ob-
tain the desired loading. A switch 45 is con-
nected to a plurality of condensers so that rota-
tion of the switch will connect the various con-
densers in the circuit as required. One side of
the line is always connected to a terminal A4,
which in turn is connected to ground. The other
side of the line will be connected to one of the
terminals Af, A2 or A3. The position of switch
45 in conjunction with the proper terminal wiil
provide definite loading. Switch 45 is an adjust-
ment for the R. F. impressed on the power line
and has steps of large increment, while a small
variable condenser 46 is connected between ter-
minals A2 and A4 so that fine tuning may be ob-
tained as required. The manipulations of switch
45 and condenser 46 permit suitable impedance
matching with the various transmission lines, or
power lines. The relay R2 is connected between
terminals 47’ and 48 with terminal 48 being con-
nected to a mid-tap on the primary side of the
input transformer 20. When relay R2 operates,
a pilot light 49 will be energized to show that the
relay is energized. The closure of relay R2 will
complete the plate supply circuit from conductor
80 to ground, thereby connecting plate voltage to
the transmitter. It will, therefore, be seen that,
when a received signal from the receiver is im-
pressed on the transmitter across terminals
L—1L’, relay R2 will be energized to apply trans-
mitter plate voltage and thereby put the trans-
mitter in full operation.

Terminals §1, 52 and 53 of Fig. 8 are connect-
able to terminals 54, 55 and 56, respectively, of
the receiver shown in Fig. 7. The microphone
button 57 is connected across terminals 54 and
55, while a receiver 58 is connected across ter-
minals 58 and 56 with a push-button 60 con-
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nected between the receiver and microphone, as
shown in Fig. 7.

In the diagrams, such as Figs. 1, 2 and 3, a sin-
gle conductor is shown upon which is impressed
or superimposed the radio frequency signals from
the central transmitter and zone transmitters.
It is to be understood that in all cases any suit-
able electrically conducting line may be used,
such as a power line which may have several con-
ductors, telegraph or telephone lines, if they are
found to be suitable for a particular installation,
or any other conductors may be used provided
they are adequate to carry out the purpose of
the invention. In the various views, a coupling
means is shown as either capacitative or induc-
tive. However, it is to be understood that either
or both coupling methods may be used on th:
system depending upon the circumstances.

While certain specific illustrations of the in-
vention are shown, it is to be understood that
they are merely illustrative of the invention and
that many other modifications may be employed
without departing from the spirit of the inven-
tion as defined by the subjoined claims.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1, In a restricted zone signaling system, means
for generating modulated radio frequency signals,
means for coupling said modulated radio fre~
quency signals to an electrically conducting line, a
receiver, means for coupling said electrically con-
ducting line to said receiver, a second transmit-
ter operating on a frequency different than said
first transmitter, coupling means for re-impress-
ing the received.intelligence of said radio fre-
quency signals on said second transmitter, means
for coupling said second transmitter signal to an
electrically conducting line for establishing a re-
stricted range signaling Zone, a second receiver
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tablished by the second transmitter and adjusted
to said second frequency, and means connected
to the output of said last receiver for translat-
ing the intelligence of said second frequency.

2. In a restricted zone signaling system, means
for generating modulated radio frequency signals,
means for coupling, superimposing, and adjusting
the modulated radio frequency signals to a pre-
determined level on an electric transmission line,
a receiver, means for coupling said transmission
line to said receiver located at a remote point, a
second transmitter operating on 8 frequency dif-
ferent than said first transmitter, coupling means
for re-impressing the received intelligence of said
radio frequency signals on a second transmitter,
means for coupling, superimposing and adjusting
to a predetermined level the second frequency on
an electric transmission line for establishing a
restricted range signaling zone, a second receiver
disposed within the restricted signaling zone es-
tablished by the second transmitter and adjusted
to said second frequency, and means connected
to the output of said last receiver for translating
the intelligence of said second frequency.

3. In a restricted zone signaling system, means
for generating modulated radio frequency signals,
means for coupling, superimposing, and adjust-
ing the modulated radio frequency signals to a
predetermined level on an electric transmission
line, a receiver, means for coupling said trans-
mission line to said receiver located at a remote
point, a second transmitter operating on a fre-
quency different than said first transmitter, cou-
pling means for re-impressing the received intel-
ligence of said radio frequency signals on a sec-
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ond transmitter, the frequency between said sec-
ond transmitter and said first transmitter being
such as to eliminate interaction therebetween,
means for coupling, superimposing and adjust-
ing to a predetermined level the second frequency
on an electric transmission line for establishing
a restricted range signaling zone, a second re-
ceiver disposed within the restricted signaling
zone established by the second transmitter and
adjusted to said second frequency, and means
connected to the output of said last receiver for
translating the intelligence of said second fre-
quency.

4, In a restricted zone signaling system, means
for generating modulated radio frequency signals,
means for coupling, superimposing, and adjust-
ing the modulated radio frequency signals to a
predetermined level on an electric transmission
line, said radio frequency being of such a value
as to pass through line transformers with sub-
stantially minimum attenuation, a receiver, means
for coupling said transmission line to a receiver
located at a remote point, a second transmitter
operating on a frequency different than said first
transmitter, coupling means for re~impressing the
received intelligence of said radio frequency sig-
nals on said second transmitter, the frequency
difference between said second transmitter and
said first transmitter being such as to restrict
interaction therebetween, means for coupling, su-
perimposing and adjusting to a predetermined
level the second frequency on an electric trans-
mission line for establishing a restricted range
signaling zone, a second receiver disposed within
therestrictedsignaling zone established by the sec-
ond transmitter and adjusted to said second fre-
quency, and means connected to the output of
said last receiver for translating the intelligence
of said second frequency.

5. In a restricted zone signaling system, means
for generating modulated radio frequency signals,
means for inductively coupling said modulated ra-
dio frequency signals to an electrically conduct-
ing line, a termination unit connected to said last
means to restrict the formation of standing waves
thereon, means for inductively coupling said elec-
trically conducting line to a receiver, coupling
means for re-impressing the received radio fre-
quency signals on a second transmitter, a second
transmitter operating on a frequency different
than said first transmitter, means for inductive-
ly coupling the second frequency signals to an
electrically conducting line, a termination means
connected to said last means to restrict the for-
mation of standing waves thereon, a receiver dis-
posed within the restricted signaling zone estab-
lished by the second transmitter and adjusted to
said second frequency, and means connected to
the output of the receiver for translating the in-
telligence of said second frequency.

6. In a restricted zone transmitting signaling
system having at least one electrically conduct-
ing line, a transmitter for transmitting modulated
radio frequency signals, means for coupling said
modulated radio frequency signals to an electri-
cally conducting line of said system, a plurality
of receivers, means for coupling said electrically
conducting line of said system to said plurality
of receivers, & plurality of transmitters, coupling
means for re-impressing the received radio fre-
quency signals on said plurality of transmitters,
one of said plurality of transmitters being com-
plemental to one of said plurality of receivers,
each of said plurality of transmitters operating
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mitter, and means for coupling each of said com-
plemental transmitters to an electrically con-
ducting line of said system.

7. In a centrally controlled communications
distribution system having at least one electri-
cally conducting line, g central station transmit-
ter, means for modulating said central station
transmitter, a radio frequency attenuator and
line coupling unit connected to the output of
said transmitter, the output of said radio fre-
quency attenuator and line coupling unit being
connected to said electrically conducting line, a
secondary communications distributing system
including a zone receiver and a zone transmitter
coupled to said electrically conducting line,
means for automatically initiating operation of
the zone transmitter when the carrier from the
zZonhe receiver is impressed upon said zone trans-
mitter, and a Zone radio frequency attenuator
and line coupling unit connected to the output of
said zone transmitter, the output of said zone
radio frequency attenuator and line coupling unit
being connected to said electrically conducting
line to establish a localized signaling Zone.

8. In a restricted zone transmitting signaling
system having at least one electrically conducting
line, a central station transmitter for transmit-
ting modulated radio frequency signals, means for
coupling said modulated radio frequency signals
to an electrically conducting line of said sys-
tem, a plurality of zZone receivers, means for cou-
pling said electrically conducting line of said sys-
tem to said plurality of receivers, a plurality of
zone transmitters, coupling means for re-im-
pressing the received radio frequency signals on
said plurality of zone transmitters, one of said
plurality of zone transmitters being complemen-
tal to one of said plurality of receivers, each of
said zone transmitters in adjacent zones operat-
ing on different frequencies, all of said zone trans-
mitters operating on a frequency different than
said central station transmitter, and means for
coupling each of said complemental transmitters
to an electrically conducting line of said system.

9. In a restricted zone transmitting signaling
system having at least one electrically conducting
line, a central station transmitter for transmit-
ting modulateq radio frequency signals, means
for inductively coupling said modulated radio fre-
quency signals to an electrically conducting line
of said system, termination means connected to
the coupling means to restrict the formation of
standing waves on said coupling means, a plural-
ity of zone receivers, means for coupling said
electrically conducting line of said system to said
plurality of receivers, a plurality of zone trans-
mitters, coupling means for re-impressing the
received radio frequency signals on said plurality
of zone transmitters, one of said plurality of zone
transmitters being complemental to one of said
plurality of receivers, each of said zone transmit-
ters in adjacent zones operating on different fre-
quencies, all of said zone transmitters operating
on a frequency different than said central station
transmitter, means for inductively coupling each
of said complementa] transmitters to an electri-
cally conducting line of said system, and termi-
nation means connected to each of last said cou-
pling means to restrict the formation of standing
waves on each of last said coupling means.

10. In a centrally controlled communications
distribution system having at least one electri-
cally conducting line, a central station transmit-
ter, means for modulating said central station

on a Irequency different than said first trans- 75 transmitter, a radio frequency attenuator and
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line coupling unit connected to the output of said
transmitter, the output of said radio frequency
attenuator and line coupling unit being connected
to said electrically conducting line, a secondary

said zone receiver, and a power supply relay re-
sponsive to operation of the carrier-operated re-
lay to supply plate voltage for said zone transmit-
ter, and g zone radio frequency attenuator and

communications distributing system including a 8 line coupling unit connected to the output of said
zone receiver and a zone transmitter, means for zone transmitter, the output of said zone radio
sutomatically initiating operation of the zone frequency attenuator and line coupling unit be-
transmitter when the carrier from the zone re- ing connected to said electrically conducting line
ceiver is impressed upon said zone fransmitter, to establish a localized signaling zone,
said automatic initiating means including & car- 10 :
rier-operated relay responsive to operation of WILLIAM S. HALSTEAD.
/ /
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