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This invention relates to intercommunication 
Systems which may be employed in houses or fac 
tories. 

It further relates specifically to circuits used 
in portable radio systems for two-way telephone 
Communication, using as their transmitting lines 
the power cables installed for lighting purposes, 
and the primary object of my invention is to gen 
erally improve Such Systems. 
The primary requirement of a good intercom 

munication set is speed in calling the person 
Wanted, together, with portability and absence 
of wire lines. 
The system embodied herein employs a radio 

frequency sending set, consisting primarily of a 
microphone, modulator unit and oscillator unit, 
Connected by Suitable coupling means to the wire 
lines. The receiving System is fundamentally a 
simple detector or demodulator unit, together with 
a Speech amplifier and loud Speaking unit or 
headphone. No invention on these units is 
claimed, apart from the System as claimed here 
in, since the individual units have been used for 
Some time in various Systems and even on wire 
lines. But the embodiment of this invention is 
comprised in the adaptability of these units, both 
Sending and receiving, to a single compact unit 
which may be easily portable, and can be moved 
from one room to the other or from one station 
to the other, by simply pulling a plug from any 
lighting Socket and plugging the station into any 
other lighting socket. 

In addition to the portability and the compact 
arrangement of tubes and circuits, the calling 
means is also Specified as part of this invention. 
A loud speaker unit is used to call the person 
wanted, and on answering, the system including 
Some tubes and a number of circuits associated 
With the tubes, is transformed to a new and dif 
ferent circuit so that the loud speaker becomes a 
long, distance microphone and the received sound 
is picked up. On a Small earphone. 
One object of my invention is to provide a call 

Signal which is by means of verbal speech, thus 
making it possible to call a Specific person or to 
issue a specific command. For Call purposes, the 
System is a loud speaking System, but in accord 
ance with a further object of my invention, the 
conversation itself after the call is answered may 
be kept private through the use of an ear phone. 

Still another object of my invention is to em 
ploy Several parts of the apparatus for dual pur 
poses, the loud Speaker being used either as a loud 
Speaker for calling purposes or as a microphone 
for transmitting purposes, and the audio ampli 
fier being used either to amplify the incoming 
call before feeding the same to the loud speaker, 
or to amplify the microphone output of the loud 
speaker before using the locally transmitted 
Speech for modulation of the carrier Wave. 

(CI, 179-2.5) 
Still another object of my invention is to make 

the Conversion of the Station from the call receiv 
ing condition to the two-Way communication con 
dition an automatic conversion, this being done 
by means of a hook Switch for the ear phone, the 
Said switch being so arranged that mere removal 
of the ear phone from the hook makes all of the 
necessary changes in the apparatus, 

Further objects center about the coupling of 
the station to the power line, and this is prefer 
ably done by means of series resonant circuits 
in order to present a low impedance to the line 
So as to at least approximately match the same, 
particularly when, as is frequently the case, the 
line is heavily loaded With low impedance appa 
ratus. Still another object of the invention is to 
make possible the intercommunication of a mas 
ter station and a substantial number of sub-sta 
tions, the connections therebetween being inde 
pendent and mutually non-interfering. To this 
end, a plurality of carrier Waves of differently 
Spaced frequency is employed, and the receiving 
circuits must discriminate between the adjacent 
carrier Waves. For good selectivity, the appara 
tus Would have to be complicated by cascaded 
tured circuits coupled by vacuum tube relays, but 
in accordance With a further object and feature 
of my invention, the apparatus is simplified and 
kept inexpensive by using a simple receiving cir 
cuit which might not be sufficiently selective if 
the detector were used for most efficient rectifica 
tion, but instead, the detector is so biassed as to 
decrease the rectification efficiency, and this elim 
inates the broad base of the adjacent resonance 
curves which might otherwise overlap. This im 
provement also helps eliminate noises of low 
level. 
Further objects center about the switching ar 

rangement for the combination loud speaker and 
microphone, and are, first, to provide good im 
pedance matching at the input and output of 
the audio frequency amplifier, and second, to 
eliminate audio frequency feed-back. These ob 
jects are fulfilled by connecting the low poten 
tial voice coil of the Speaker to the Switch contacts 
and using separate impedance matching trans 
formers for the input and output of the amplifier, 
these transformers differing from one another and 
being selected to properly match the appropriate 
end of the amplifier on one side, while matching 
the low impedance voice coil. On the other. 
To the accomplishment of the foregoing and 

Such other objects as will hereinafter appear, my 
invention consists in the communication system 
elements and their relation one to the other, as 
hereinafter are more particularly described in . 
the specification and sought to be defined in the 
claims. The specification is accompanied by 
dra Wings, in which: 

Fig. 1 represents a simplified unit system in 
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2 
which only the fundamental units are shown in 
their generalized connection; 

Fig. 2 is a wiring diagram of a master station 
for communication with three sub-stations, said 
diagram showing all switches and all circuit units; 

Fig. 3 is a simplified diagram of the apparatus 
of Fig. 2, showing only those units which are in 
use when the station is in a call receiving position; 

Fig. 4 is similarly simplified, with the station 
arranged for two-Way communication. In this 
figure also all unnecessary parts have been omit 
ted and only those in actual use are shown; 

Fig. 5 is a detailed view of the switch, indicat 
ing how the contacts are changed and showing 
the method in which the earphone is set into its 
container or hook on the side of the box; 

Fig. 6 is a wiring diagram for a modified and in 
some respects preferred method of Switching the 
speaker in its relation to the audio amplifier; and 

Fig. 7 is a schematic diagram explanatory of 
the manner in which the master station and sub 
Stations are all Connected to an ordinary light 
and power line. 
No specific limitation is intended to cover the 

actual operation in practice in regard to the num 
ber of Stations which may operate, nor the man 
ner in which a master or control unit may be 
used to talk to sub-stations. It will be quite evi 
dent to those experienced in the art that many 
combinations of these circuits are available and 
may be used for various types of intercommunica 
tion systems. For the sake of clearness, however, 
one specific system will be described. 
This employs a single master oscillator and 

three sub-stations, as is Schematically indicated 
in Fig. 7. The circuit of the master station is 
shown in Fig. 2. Each Sub-station has a circuit 
generally as shown in Fig. 2, but with the oscillat 
ing unit tuned to a single definite frequency. The 
illaster oscillator shown in Fig. 2 differs by the 
addition of a selector (numbered 98 in Fig. 7, and 
moving Switches 9 f and 48 in Fig. 2) which se 
lector changes the tuning in the transmitting cir 
cuit, so that it may call or talk directly to either 

is one of the sub-stations Without calling or inter 
fering with any other Sub-station. In this sys 
tem, the master Set may communicate With any 
one of the three sub-stations, but the sub-sta 
tions may communicate only with the master. 
Other variations, with additional selector Switches, 
are available to enlarge such a system to any 
number of Sub-Stations, masters, or Sub-nasters. 

Referring now to Fig. 1, this shows a Schematic 
representation of the five fundamental divisions 
of such a communication system. The micro 
phone 0 delivers its signal to the speech ampli 
fier ff, which is connected to the modulator f2. 
An oscillator 3 of predetermined high frequency 
Serves to generate a carrier Wave and the modul 
lator 2 allows the speech amplifier to vary 
the power of said oscillator so that the power vari 
ations are in conformity with the speech input. 
This modulated power is connected to the power 
lines 4, which run to the receiving System, con 
sisting of a demodulator or detector 5 and an 
amplifier 6, to which may be connected either a 
loud speaker 7 or an earphone 8. The demodul 
lator 5 is connected to the power lines and recti 
fies or otherwise makes available the speech sig 
nal which has been carried over the lines by the 
carrier current from the Oscillator. This demod 
ulated Wave is passed on to the amplifier and is 
heard by the loud speaker or earphone. 

FigS. 2, 3 and 4 indicate the type of circuit used 
in this device. The power lines 4 are connected 
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to a receiving circuit 20 which consists of an in 
ductance coil 21, a fixed condenser 22 and a vari 
able condenser 23. The inductance 2 and the two 
condensers 22 and 23 are set So that they give 
Series resonance to the incoming signal. The 
received signal is taken from this circuit by tap 
ping the inductance 2 in the center and through 
a series condenser 24 connection is made to a 
rectifier tube 25. This rectifier tube is of the form 
generally known to the trade as 6B8, although 
it is understood that any similar tube may be 
used. The tube 6B8 as shown is in reality a 
double tube, since it contains a diode unit for 
rectification and a pentode unit for amplifica 
tion. Two separate tubes embodying similar char 
acteristics may be used instead of this single tube. 
The signal received on the diode through the 
condenser 24 passes through the coupling circuit 
26 and the audio frequency component is then 
amplified by the pentode part of tube 25, and the 
amplified signal is connected to an earphone 27. 

In Order to have D. C. plate voltage available 
for the operation of the various tubes in the 
set, a rectifier tube 28, together with associated 
circuits, is bridged directly across the line 4 
and the output of said rectifier is connected to 
both receiving and transmitting plate circuits. 
The rectifier circuit as used is of the conven 
tional type having two audio frequency choke 
coils 30 and three electrolytic condensers 32. 
In order to keep the high frequency OScillator 
voltage from being short circuited by the low im 
pedance rectifier circuit, a radio frequency choke 
coil 3 is connected in series with the rectifier 
supply wire and a shunting condenser 32 is 
connected across the rectifier supply lines. This 
effectively keeps the oscillator frequency on the 
power lines and does not allow it to be trans 
ferred to and affected by the power supply part 
of the System. 
For the filament supply of all tubes, a ballast 

tube 33 is connected in Series with all filaments 
34 and this series unit is connected across the 
power lines 4. For the sake of simplicity, the 
filament circuit is not indicated in the tubes 
themselves, but is shown at the bottom of Fig. 2 
in Schematic arrangement, as is shown in Such 
wire diagrams. It has been found expedient to 
use heater tubes for such circuits and the two 
diagrams indicating cathodes in all tubes are 
assumed to have such heater cathodes. 
The oscillator is a conventional type circuit 

known as an inductive feed-back circuit. The 
main Oscillating circuit consists of an inductance 
35 and a tuning condenser 36. The plate induct 
ance 37 is coupled to this circuit in order to pro 
vide the proper oscillation characteristics. To 
this oscillating circuit 35, 36, another inductance 
coil 38 is coupled in order to transfer the os 
cillator power to the power lines 4. This trans 
fer of power is made more effective by including 
a capacity 39 in series with the coil 38. This 
makes the coupling circuit a series resonant cir 
cuit of low impedance at the frequency used. Be 
cause the master oscillator operates on three 
frequencies, the series capacity 39 may be 
changed or switched to other values 39' or 39.' 
by switch 48, and the oscillator tuning condenser 
36 may be switched to 36' or 36' by switch 9. 

This condenser 39 is a fixed-adjustable con 
denser and is Connected to the Selector Switch 48 
Which may substitute for condenser 39 another 
similar but differently tuned fixed-adjustable 
condenser 39' or 39'. The oscillator tube 4 is 
a conventional tube known to the trade as type 
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2,142,874 
25L6. The modulator tube 42 is also a type 
25L6 and is connected to the oscillator by the 
well known plate modulation circuit, which con 
sists of connecting the tWO plates together 
through an inductance coil 3, and Supplying 
plate current through an audio frequency choke 
coil 43. In each of these tubes as described, a 
Screen grid is connected to the high voltage plate 
Supply wire and Sometimes such connection is 
made through a resistor or a resistor shunted 
by or by-passed with a condenser. This is com 
mon practice and is Well known to those skilled 
in the art and need not be elaborated on here. 
Also, the System. Whereby a resistor is put in Se 
ries between the cathode and the ground Wire 
shunted by a condenser in order to obtain proper 
biasing Voltage for the grid circuit, is common 
practice and need not be detailed. 
A modulator tube 42 receives its input from 

the plate circuit of the microphone amplifier tube 
44 and for the purpose of the specific circuit of 
this description the tube 44 is a type 6J7. This 
tube is a Small pentode tube and receives its in 
put from a coupling condenser 93 during the 
calling operation, which condenser is connected 
directly to the grid of the amplifier tube 44. 
The Screen grid of this tube has a conventional 
connection to the plate Supply and the plate 
element of this tube is connected by a conven 
tional condenser-impedance circuit to the modul 
lator. The loud speaker 47 is employed in the 
dual role of a loud speaker in the call receiving 
position and a microphone in the talking posi 
tion. The Switchover from call receiving to talk 
ing positions is made possible by three SWitches, 
56, 5 and 52, said Switches being operated by 
the earphone clip on the side of the box. 
With the plug (92 in Fig. 7) inserted into the 

wall outlet, the tubes are energized. When the 
master unit is calling a sub-station, the Switches 
at the called station are in a position as ShoWn 
by the arrows in Fig. 2. In this position the 
switches cause certain parts of the circuit to be 
inoperative, as shown by a simplified drawing, 
Fig. 3. Here only the receiving circuit is shown, 
the Oscillator circuit being not in Operation and 
the pentode part of tube 25 cannot be employed 
because the earphone 27 is not used. Switch 52 
is connected in such a manner that the loud 
speaker 47 is used as a loud Speaker and receives 
power directly from the plate of tube 42. The 
control grid of this tube 42 is connected through a 
suitable coupling circuit so that it receives the 
speech wave from the plate of tube A4. The con 
trol grid circuit of tube 44 is connected through 
SWitch 5 so that it receives speech energy from 
the diode portion of tube 25. 
As the master unit sends out a signal, it is re 

ceived on the receiving circuit 2), Fig. 3, and is 
demodulated by the diode part of tube 25 and 
amplified by the two tubes 44 and 42, and then 
transformed into audible power by the loud 
speaker 47, resulting in a considerable signal 
which will be sufficient to call anyone from quite 
a distance. When the person called answers, 
he lifts the earphone 27 from the hook, thus 
throwing all three switches 50, 5 and 52, and 
transforming the scheme of connections into that 
shown in Fig. 4. In both Figs. 3 and 4, filianent 
circuits and the plate Supply rectifier circuits 
have been omitted for the sake of simplicity. 
The received signal (Fig. 4) now arrives through 
the receiving circuit .20 and is transferred as 
usual through the coupling condenser 24 to the 
diode part of tube 25, and the rectified signal is 

3 
amplified in to the pentode part of tube 25 and 
the plate circuit of Said tube is connected di 
rectly to the ear phone 27, which is now the only 
means of receiving the audible signal. 

It may be seen from Fig. 2 that throwing of 
SWitch 52 converts loud Speaker 4 into a micro 
phone, and the throwing of Switch 50 connects 
the modulator tube 42 directly with the Oscil 
lator tube 4, and allows sufficient plate current 
to flow through the coil 37 to the plate of the 
oscillator tube 4f in order that it may function 
as an OscillaOr and Send out power through the 
Oscillator coupling coil 38. The loud speaker 47, 
because of the amplification provided and be 
cause of the area, included in its diaphragm, may 
pick up conversation at quite a distance and the 
user at the sub-station may stand several feet 
from this microphone while talking to the master 
control unit. The output of this microphone is 
connected to the tube 44, which now becomes a 
simple amplifier tube and thence to the tube 42 
Which acts not only as an amplifier, but as a 
modulator for the Oscillating circuit controlled 
by tube Ai. When switch member 50 is in a re 
ceiving position, the plate Supply is connected 
to the plate of the oscillator tube 4 through the 
radio frequency inductance 37 and a series re 
sistance 5. This series resistance is made of 
Such a Value that it Will keep the oscillator tube 
from Oscillating even though a small amount of 
plate current may flow through the tube and the 
filament is still lighted. As soon as the Switch 
50 is thrown to the transmitting position, by 
lifting the receiver 27 from its hook, the full 
plate Voltage is Supplied to the tube 4 through 
the low resistance inductance 3 and the oscil 
Sator immediately sends out a carrier wave over 
the power lines 4. 
Power lines in residences have been found to 

be very good for the transmission of high fre 
quency carrier Waves, particularly those of fre 
quencies between 30,000 cycles per second and 
200,000 cycles per second. Furthermore, experi 
ment has shown that such frequencies will not 
go through the various coils in the meter, which 
is generally installed at the power line entrance 
to the house, so that any communication on the 
user's side of the meter Will be confined to that 
particular circuit and Will not leak out and travel 
to the next house to cause interference there. 
Transmission is exceptionally good when there 

is no overload on the line. Experiment has shown 
that ordinary lights and even small motors when 
put on the line cause little or no interference 
and an imperceptible drop in the efficiency for 
such transmission as has been outlined. How 
ever, the operation of heating devices, such as 
electric stoves, large flat irons and very large 
notors, when connected to the power lines very 
close to the plug in which the intercommunica 
tion set is attached, will seriously drop the effi 
ciency of the communication when ordinary 
tuned circuits are used. In order to Offset some 
of this low impedance interference, the receiving 
circuit 2 has been arranged to operate on a 
very low impedance basis and for this purpose 
the inductance 2i and the condensei's 22 and 23 
are connected in series so that at resonance their 
impedance is of the order of a few ohms. This 
permits the receiving of signals even though 
other low resistances may be on the line in close 
proximity. The coil 2 is tapped in the middle 
for the connection to the diode rectifier 25 
through the condenser 24. This is done in order 
to greatly increase selectivity With only a slight 

10 

5 

20 

25 

40. 

45. 

55: 

65 

70. 

s 



. 

it, 

4. 
loSS of power, due to the fact that the diode is 
a low resistance unit and would spoil selectivity 
because it would shunt half of tuned circuit 20 
if the connection Wee made at the end of the 
coil 2 between the coil 2 and the condensers 
22 and 23. 
The operation of tWO or more receiving units 

On the same power lines presents no difficulty, 
Since the Ordinary rules of receiving circuits ap 
ply here in the same manner as they do to radio 
Circuit.S and tuning to one frequency from the 
Inaster OScillator eliminates other frequencies, as 
is done in exactly the same Way in a radio set. 
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bias Voltage. 

Suitable condensers such as 24, 57 and 93 are 
placed in the circuit in order to cut out as much 
60 cycle hum as possible. 
Additional hum elimination is obtained by the 

use of a loud speaker unit which is tuned to a 
free period of about 300 cycles per Second. This 
characteristic permits the transfer of audible 
Voice signals without detracting from their qual 
ity but cuts down to a very low ratio the 60 cycle 
hum if any should leak through the system. 
Another noise eliminator is built into the de 

tector circuit in the method of biasing. The 
biasing resistance 59 is made higher than is nec 
essary So that Small Woltages. Which are due to 
interference picked up from motor Commutators 
Or sparking contacts will not get past the diode 
detector circuit. Only the voice signal which 
has considerable power will override the detector 
bias and paSS into the amplifier. The diode por 
tion of tube 25 is biased at such a potential as 
to eliminate all signals of Voltages below the 

Such signals Would include low 
volume noise, and adjacent carrier signals. Be 
cause of the selectivity of the Series resonant 
tuned receiving circuit, the adjacent carrier is 
of necessity. brought to a much lower volume 
than the desired signals. It is found in actual 
practice that the bias can be substantial, With 
Out appreciably affecting the quality of the de 
sired signal. If, for example, the bias is twenty 
per cent of the peak Voltage of the carrier, an 
undesired signal of less than twenty per cent 
of the desired signal is automatically eliminated 
thereby increasing the apparent selectivity. This 
bias may be either positive or negative. 

Fig. 5 gives a detailed View of a Switch which 
is operated when the earphone is set into clips. 
The SWitch assembly is fastened to the side of 
the box 62 and the upper earphone clip 63 is 
finly attached to the box structure. The lower 
clip G is noveable by virtue of its attachment to 

, the switch cam 65, and when the earphone is not 
in place the lower clip 64 is pullied upward by the 
spring 75. When the earphone is attached, both 
upper and lower clips 63 and 64 engage the cir 
cular cap on the earphone unit, holding it se 

| curely and at the same tine keeping the nove 
able arm in an extended position. 
On the switch carin 65 is attached a fibre roller 

66 which engages the Spring contact arms 6 and 
68 and these in turn nake contact With the Spring 
members 3 and . . When the earphOne is in the 
clips and and 2 When the earphone is re 
noved. This structure is equivalent to two Single 
pole double throw SWitches. Actually the unit 
contains four of these, the other two being di 
rectly behind the two shown in the drawings and 
all four acted upon by the roller 66. Three of 
these switches are connected in the circuit as 
Switches 53, 5, and 52. The fourth may be used 
to disconnect the Wire 4 from the grid of the tube 
44 when the higher frequencies are used. 

2,142,874 
Fig. 6 shows an alternate Switching means for 

the loud speaker. The circuit is similar to the 
One incorporated in Fig. 2, but differs from it in 
that the voice coil of the Speaker is connected to 
the Switch instead of a high impedance trans 
former. This switching of low impedance cir 
cuits is used. When high frequencies are employed 
and this results in the Set being more stable and 
less noisy. The primary Winding 80 is left in the 
plate circuit of tube 42 and the secondary 8 is 
Connected to one contact of Switch 52. In the 
grid of tube 44, another transformer 82 is used in 
which the high voltage winding 83 is always con 
nected to the grid circuit. The low Voltage Wind 
ing 84 is connected to switch 52. The operating 
circuit is the same except that transformer 80, 8 
replaces the choke and the associated blocking 
Condenser. 
To explain the advantages of the alternative 

circuit shown in Fig. 6, I may mention that two 
difficulties tend to arise with the circuit of Fig. 2. 
The first difficulty is that the transformer 94 is 
selected as a compromise between conflicting 'e- 
quirements, for it should be a high impedance 
transformer when the speaker acts as a micro 
phone and the transformer feeds into the ampli 
fier input, and should be a low impedance trans 
former when the speaker acts as a reproducer and 
transfers energy from the amplifier output to the 
speaker. The second difficulty is that the physi 
cal necessities of the multiple contact SWitch con 
struction cause the contacts connected to both 
the input and output ends of the amplifier to be in 
close proximity, and if the Voltages on the con 
tacts are high, as When using a transformer of 
Substantial impedance, there is a tendency for 
self-oscillation or Squealing. In Fig. 6, both of 
these difficulties are overcome. The first diffi 
culty is overcome because two separate trans 
formers are employed, one, the transformer 82, 
acting as an input transformer for the amplifier; 
and the other, the transformer 80, 8, acting as 
the output transformer for the amplifier, and 
these are selected to have impedance best Suited 
for their respective functions. The secondary 83 
of transformer 82 is of high impedance, and pri 
rary 8) of the Output transformer is of OW in 
pedance. The second difficulty is overcome by 
connecting the SWitch contacts directly to the 
Voice coil and the OW impedance sides of the 
transformers, for the Voice coil is of low imped 
ance, and the low impedance sides of the trans 
formers (specifically, primary 84 and secondary 
8) are similarly of low impedance, in an effort 
to match the impedance of the voice coil. In this 
Way the potentials at the SWitch contacts are 
very low, and there is no appreciable tendency 
toward audio frequency feed-back or squealing. 

It is believed that the construction and opera 
tion, as Well as the many advantages of my in 
proved intercommunication System, Will be ap 
parent from the foregoing detailed description 
thereof. The operation may be summarized as 
follows:-Assuming that A at the master station 
Wishes to call B at Sub-station , he picks up the 
ear phone from the hook, thus making the trans 
litting Osciliator effective. He turns the Selector 

SWitch to sub-station. , thereby tuning the par 
allel resonant circuit of the oscillator, and the 
Series resonant circuit coupling the same to the 
power line, to a carrier or transmission frequency 
Corresponding to the reception frequency of sub 
Station , that is, corresponding to the tuned fre 
quency of the Series resonant circuit which cou 
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2,142,874 
Substation . A thereupon calls B by name, or 
transmits any suitable Verbal instructions Which 
Will lead to calling B at sub-station . This 
Verbal call is reproduced by the loud speaker at 
Sub-station , for at this time the ear phone is not 
in use and consequently the hook. SWitch is down, 
thus connecting the detector to the audio ampli 
fier and connecting the latter to the loud Speaker. 
When B answers at sub-station , he merely picks 
up the ear phone from the hook and answers A. 
In picking up the ear phone, the hook Switch con 
Werts the loudspeaker from its function as a loud 
Speaker to instead operate as a microphone, and 
it is connected to the audio amplifier which in 
turn is connected to modulate the local Oscillator 
at sub-station . This local oscillator is fixedly 
tuned to the reception frequency of the master 
station, and any answer spoken by B is heard by 
A in the ear phone at the master station. The 
conversation thus proceeds privately until Con 
cluded, at which time the parties may hang up 
the ear phones on the respective hooks, 

Similar description applies to a call put in by 
A from the master station to sub-station 2, or to 
sub-station 3, etc. 

If B at sub-station wishes to call A at the 
master station, he merely picks up the ear phone 
and calls. A verbally. His call is transmitted 
through the local loud Speaker, acting as a micro 
phone, and after amplification in the local audio 
amplifier, the call modulates the radio frequency 
being generated by the local oscillator at Sub 
station . This energy is fed to the power line, 
and is reproduced through the detector, the audio 
amplifier and the loud Speaker at the master sta 
tion. When A hears the call and picks up the 
ear phone, the loud speaker is instantly quieted 
and thereafter acts as a microphone for A's an 
SWer to B. 

Similar description applies to a call put in at 
station 2 or station 3, etc. Any of these calls 
from any sub-station is heard at the master sta 
tion regardless of the position of the Selector 
switch. This is so because the Sub-stations all 
transmit on a common frequency and the Selector 
switch at the master station affects only the 
transmission frequency and not the reception 
frequency at the master station. 

It Will be understood that with only two sta 
tions it is unnecessary to use a selector SWitch, 
and in such case, only two carrier frequencies 
will be employed, one for transmission from One 
of the stations, and the other for transmission 
from the other station. 
The advantages of my improved system may be 

briefly reviewed as follows. One outstanding ad 
vantage is that the call signal is by means of 
verbal speech instead of merely a bell, Signal 
lamp, or the like, thus making it p0SSible to issue 
a peremptory command or to call a Specific per 
son from among many. Yet, the conversation 
itself may be kept private, through the use of 
an ear phone. Another advantage is the dual 
Lise of important parts of the apparatus. The 
loud speaker is used either as a loud Speaker for 
calling purposes, or as a microphone for trans 
mitting purposes. The audio annplifier is used 
to amplify the incoming call before feeding the 
same to the loud speaker, and is also used to 
amplify the microphone output Gf the loud 
speaker before using the locally transfinitted 
speech for modulation of the carrier energy gen 
erated by the local oscillator. From another 
viewpoint, it may be said that the nicrophone 
and audio frequency amplifier which Would any 

S 
way be needed for transmission, are additionally 
employed for paging or loud Speaking reception 
When the Station is being called. 
The conversion of the Station from call-receiv 

ing condition to duplex cominunication condi 
tion is preferably obtained automatically by 
near S of a hook SWitch for the ear phone, SO 
that mere lifting of the ear phone from the hook 
Will make the necessary changes in the apparatus. 
The coupling of the transmitting and receiving 
parts of the station to the power line is made by 
reans of Series resonant circuits, this having the 
advantage of presenting a low in pedance to the 
line. So as to at least approximately match the 
Sarne. In respect to the transmitter, there is 
the advantage that there Will be no loss of ef 
ficiency even When the line is heavily loaded with 
OW impedance power ConSunning apparatus. In 
general, for efficient coupling of the transmitter, 
One ShOuid feed into a matched impedance or if 
that cannot be done, into a higher in pedance, 
The line inpedance is variable and varies over 
Wide limits from tine to time, as when apparatus 
having loVf impedance to the signal energy is con 
nected to the line. In the present invention, the 
in pedance of the transmission System is kept low 
by the use of a series resonant coupling circuit. 

Selective calling of a number of Stations is 
inade possible by using a number of different car 
rier frequencies. These may be spaced reson 
ably Widely apart, but cannot be spaced too far 
apart without going outside the range of best 
frequency for the present purposes. Reasonably 
good selectivity is therefore desirable, but that 
in turn. Would require the use of cascaded tuned 
circuit.S. Coupled by Vacuum tubeS. In the pres 
ent apparatus this additional complexity of 
equipment is eliminated by using a simple recep 
tive circuit which might not be Sufficiently selec 
tive Were the detector used in unbiassed condi 
tion for most efficient rectification, Instead, the 
detector is biassed to decrease the detection or 
rectification efficiency by a small amount, and 
this eliminates the base or broadest part of the 
resonance curve, thus insuring against Over 
lapping of the resonance curves of adjacent 
Carrier Waves employed in the system. 

It Will be apparent that while I have shown 
and described my invention in preferred forms, 
many changes and modifications may be made 
in the structures disclosed, without departing 
from the Spirit of the invention defined in the 
following clains. 
What I claim is: 
1. A duplex station for a telephone communi 

cation System for Wired radio communication on 
lines, Said System providing duplex telephony 
Without necessitating a talk-listen switch, said 
Station comprising a radio frequency oscillator 
tuned to a transmission carrier frequency, a de 
tector circuit tuned to a reception carrier fre 
quency different from the transmission carrier 

: frequency of the oscillatOr, an earphone to be 
operatively coupled to said detector circuit, a 
combination loud Speaker and microphone, 
means connecting said station to a line including 
means for coupling both the oscillator and the 
detector circuit simultaneously to the line, a 
switch movable between paging and duplex-te 
lephony positions, means for energizing the loud 
speaker from the detector for paging or call 
receiving purposes when the Switch is in the 
paging position, and means to connect the loud 
speaker to modulate the oscillator for transmis 
sion purposes when the switch is in the duplex 
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telephony position, and means for connecting 
said earphone to the detector for simultaneous 
reception during transmission thirough the loud 
Speaker. 

2. A duplex station for a telephone communi 
cation system for wired radio communication. On 
lines, said system providing duplex telephony 
without necessitating a talk-listen switch, Said 
station comprising a radio frequency OScillator 
tuned to a transmission carrier frequency, a de 
tector circuit tuned to a reception carrier fre 
quency different from the transmission carrier 
frequency of the oscillator, an earphone to be 
operatively coupled to said detector circuit, a 
combination loud speaker and microphone, a 
hook switch for supporting the earphone and 
being thereby held in paging position when the 
earphone is not in use, said Switch being biased 
to move to duplex-telephony position. When the 
earphone is removed from the hook, and means 
connecting said station to a line and including 
radio frequency couplings for coupling the oscil 
lator and the detector circuit to the line, means 
for energizing the loud speaker from the detector 
for paging or call-receiving purposes When the 
switch is in paging position, and means to COn 
nect the loud speaker to modulate the OscillatOt 
for transmission purposes when the SWitch is in 
the duplex-telephony position, and means for 
connecting said earphone to the detector for 
simultaneous reception during transmission 
through the loudspeaker. 

3. A duplex station for a telephone communi 
cation system for wired radio communication on 
lines, said System providing duplex telephony 
without necessitating a talk-listen SWitch, Said 
station comprising a radio frequency oscillator 
tuned to a transmission carrier frequency, a 
audio frequency amplifier, a detector circuit 
tuned to a reception carrier frequency different 
from the transmission callier frequency of the 
Oscillator, an earphone to be operatively coupled 
to said detector circuit, a combination loud 
Speaker and microphone, means connecting Said 
station to a line and including radio frequency 
couplings for coupling both the oscillator and the 
detector circuit simultaneously to the line, a 
Switch movable between paging and duplex-te 
lephony positions, means to connect the detectOr 
to the input of the amplifier and means to con 
nect the loudspeaker to the output of the ampli 
fier for paging or call-receiving purposes when 
the SWitch is in the paging position, and means 
to connect the speaker to the input of the ampli 
fier and means to connect the output of the 
amplifier to modulate the oscillator for trans 
mission purposes when the switch is in the 
duplex-telephony position, and means for con 
necting said earphone to the detector for simul 
taneous reception during transmission through 
the loudspeaker. 

4. A duplex station for a telephone Communi 
cation System for wired radio communication. On 
power lines, said system providing duplex teleph 
ony without necessitating a talk-listen switch, 
said station comprising a radio frequency Oscil 
lator tuned to a transmission carrier frequency, 
a detector circuit tuned to a reception carrier 
fraquency different from the transmission carrier 
frequency of the oscillator, an earphone to be 
operatively coupled to said detector cicuit, a 
combination loud speaker and microphone, 
means connecting said station to a power line by 
means of an ordinary plug and Socket connec 
tion, said means at the station including means 
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for coupling both the oscillator and the detector 
circuit simultaneously to the line, and connec 
tions to power supply apparatus for energizing 
the tubes of the aforesaid oscillator and detector 
circuits, a switch movable between paging and 
duplex-telephony positions, means for energiz 
ing the loudspeaker from the detector for paging 
Or call-receiving purposes when the SWitch is in 
the paging position, and means to connect the 
loud speaker to modulate the oscillator for trans 
mission purposes when the SWitch is in the 
duplex-telephony position, and means for con 
necting said earphone to the detector for simul 
taneous reception during transmission through 
the loudspeaker. 

5. A duplex station for a telephone communi 
cation system for Wired radio communication. On 
lines, said system providing duplex telephony 
Without necessitating a talk-listen Switch, said 
Station Comprising a radio frequency OScillatO 
tuned to a transmission carrier frequency, a 
receiving circuit tuned to a reception carrier fre 
quency different from the transmission carrier 
frequency of the Oscillator and including a de 
tector, means biassing Said detector to decrease 
its rectification efficiency and thereby eliminate 
OW level signals-and-noises, an earphone to be 
Operatively coupled to and responsive to the Out 
put of said detector, a combination loud Speaker 
and microphone, means connecting Said station 
to a line including means for coupling both the 
Oscillator and the receiving circuit simultane 
ously to the line, a Switch movable between pag 
ing and duplex-telephony positions, means for 
energizing the loudspeaker from the detector for 
paging or call-receiving purposes When the 
SWitch is in the paging position, and means to 
connect the loud Speaker to modulate the Oscil 
lator for transmission purposes when the Switch 
is in the duplex-telephony position, and means 
for connecting said earphone to the detector for 
simultaneous reception during transmission 
through the loudspeaker. 

6. A duplex Station for a telephone communi 
Cation System for Wired radio communication on 
lines, Said System piroViding duplex telephony 
Without necessitating a talk-listen switch, said 
station comprising a radio frequency oscillator 
tuned to a transmission carrier frequency, a 
detector circuit tuned to a reception carrier fre 
quency different from the transmission carrier 
frequency of the OScillator, an earphone to be 
operatively coupled to said detector circuit, a 
Combination loud Speaker and microphone, 
means connecting said station to a power line 
including a series resonant radio frequency cou 
pling circuit for the oscillator and a series res 
Onant radio frequency coupling circuit for the 
detector, affording low impedance coupling to the 
line, a Switch movable between paging and 
duplex-telephony positions, means for energiz 
ing the loud speaker from the detector for pag 
ing or call-receiving purposes when the switch is 
in the paging position, and means to connect the 
loud Speaker to modulate the oscillator for trans 
mission purposes when the switch is in the 
duplex-telephony position, and means for con 
necting Said earphone to the detector for simul 
taneous reception during transmission through 
the loudspeaker. 

7. A duplex Station for a telephone communi 
cation system for Wired radio communication on 
lines, Said System providing duplex telephony 
without necessitating a talk-listen switch, said 
station comprising a radio frequency oscillator 
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tuned to a transmission carrier frequency, a 
detector circuit tuned to a reception carrier fre 
quency different fom the transmission carrier 
frequency of the Oscillator, an earphone to be 
operatively coupled to said detector circuit, an 
audio frequency amplifier, a combination loud 
speaker and microphone, said speaker having a 
voice coil, a plurality of impedance matching 
transformers, means connecting Said station to 
a line including means for coupling both the 
Oscillator and the detector circuit simultaneously 
to the line, a Switch movable between paging and 
duplex-telephony positions, means to connect the 
detector to the input of the amplifier, and means 
to connect the voice coil of the loud speaker to 
the output of the amplifier through one of said 
impedance matching transformers, when the 
switch is in the paging position, and means to 
connect the voice coil of the speaker to the in 
put of the amplifier through a different imped 
ance natching transformer, and means to con 
nect the output of the amplifier through the first 
transformer to modulate the OScillator for trans 
mission purposes, When the switch is in the 
duplex-telephony position, and means for con 
necting said earphone to the detector for simulta 
neous reception during transmission through the 
loudspeaker. 

8. A duplex station for a telephone communi 
cation System for wired radio communication on 
power lines, said System providing duplex teleph 
ony without necessitating a talk-listen switch, 
Said station comprising a radio frequency Oscil 
lator tuned to a transmission carrier frequency, 
an audio frequency amplifier, a detector circuit. 
tuned to a reception carrier frequency different 
from the transmission carrier frequency of the 
oscillator, an earphone to be operatively coupled 
to said detector circuit, a combination loud 
Speaker and microphone, a hook switch for Sup 
porting the earphone and being thereby held in 
paging position when the earphone is not in use, 
said Switch being biased to move to dupleX 
telephony position when the earphone is removed 
from the hook, means connecting said station to 
a power line and including radio frequency cou 
plings for coupling the oscillator and the detector 
circuit to the line and power connections to 
power Supply apparatus for energizing the tubes 
of the aforesaid oscillator, amplifier and de 
tector circuits, means to connect the detector to 
the input of the amplifier, and means to connect 
the loud speaker to the output of the amplifier, 
and means to deenergize the Oscillator, when the 
Switch is in paging position, and means to con 
nect the speaker to the input of the amplifier, 
and means to connect the output of the amplifier 
to modulate the OScillator, and means to ener 
gize the oscillator, when the Switch is in the 
duplex-telephony position, and means for con 
necting said earphone to the detector for simul 
taneous reception during transmission through 
the loudspeaker. 

9. A master station for a telephone communi 
cation system for wired radio communication on 
lines, said System providing duplex telephony 
without necessitating a talk-listen switch, said 
station comprising a radio frequency oscillator, 
a detector circuit tuned to a reception carrier 
frequency different from the transmission carrier 
frequency of the oscillator, an earphone to be 
operatively coupled to said detector circuit, a 
combination loud speaker and microphone, 
means connecting said station to a line, a sta 
tion selector for calling any one of a plurality 
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of stations each responsive to a different carrier 
frequency, and tuning means for Said OScillator 
shifted by Said Selector to a transmitting fre 
quency appropriate to the Selected Sub-Station, 
a Switch movable between paging and duplex 
telephony positions, means for energizing the 
loud speaker from the detector for paging or 
call-receiving purposes when the switch is in the 
paging position, and means to connect the loud 
speaker to modulate the oscillator for transmis 
sion purposes. When the SWitch is in the dupleX 
telephony position, and means for connecting 
said earphone to the detector for simultaneous 
reception during transmission through the loud 
speaker. 

10. A master station for a telephone communi 
cation System for Wired radio communication on 
lines, said System providing duplex telephony 
without necessitating a talk-listen switch, said 
station comprising a radio frequency oscillator, 
an audio frequency amplifier, a detector circuit 
tuned to a reception carrier frequency different 
from the transmission carrier frequency of the 
oscillator, an earphone to be operatively coupled 
to said detector circuit, a combination loud 
Speaker and microphone, a hook Switch for Sup 
porting the earphone and being thereby held in 
paging position when the earphone is not in use, 
said switch being biased to move to duplex 
telephony position when the earphone is removed 
from the hook, means connecting said station to 
a line including a series resonant coupling cir 
cuit for coupling the transmitting oscillator to 
the line, a station selector for calling any one 
of a plurality of stations each responsive to a 
different carrier frequency, and tuning means 
in said oscillator and oscillator coupling circuit 
shifted by said Selector to a transmitting fre 
quency appropriate to the selected sub-station, 
means to connect the detector to the input of 
the amplifier and means to connect the loud 
speaker to the output of the amplifier when the 
SWitch is in paging position, and means to con 
nect the speaker to the input of the amplifier 
and means to connect the output of the amplifier 
to modulate the oscillator, when the switch is in 
the duplex-telephony position, and means for 
connecting said earphone to the detector for 
simultaneous reception during transmission 
through the loudspeaker. 

11. A communication System for wired radio 
communication on a line, said system providing 
duplex telephony without necessitating a talk 
listen switch, said System comprising one master 
station and a plurality of sub-stations, said star 
tions each comprising a radio frequency Oscil 
lator, a detector circuit tuned to a reception 
carrier frequency different from the transmis 
sion carrier frequency of the oscillator, an ear 
phone to be operatively coupled to said detector 
circuit, a combination loud speaker and micro 
phone, means connecting said station to the line, 
a switch movable between paging and duplex 
telephony positions, means for energizing the loud 
speaker from the detector for paging or call 
receiving purposes when the switch is in the 
paging position, and means for connecting said 
earphone to the detector for simultaneous recep 
tion during transmission through the loud 
Speaker, and means to connect the loud Speaker 
to modulate the oscillator for transmission pur 
poses when the Switch is in the duplex-telephony 
position, said master station being additionally 
provided with a selector for Selecting any one 
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ing meanS in the master Oscillator shifted by 
Said Selector to a transmitting frequency appro 
priate to the selected sub-station. 

12. A communication System for Wired radio 
communication on a line, said System providing 
duplex telephony without necessitating a talk 
listen switch, Said system comprising a master 
Station and a plurality of Sub-stations, Said sta 
tions each comprising a radio frequency oscil 
lator, a detector circuit tuned to a receptive car 
rier frequency different from the transmission 
carrier frequency of the oscillator, an earphone 
to be operatively coupled to the detector circuit, 
a combination loud speaker and microphone, 
means connecting said station to the line, a 
Switch movable between first and Second posi 
tions, means to connect the detector to energize 
the loud speaker for paging or call-receiving 
purposes, and means to make the Oscillator in 
operative, when the Switch is in the paging posi 
tion, and means to connect the speaker to modul 
late the oscillator, and means to make the OScil 
lator operative, when the switch is in the duplex 
telephony position, and means for connecting 
said earphone to the detector for simultaneous 
reception during transmission through the loud 
speaker, said master station being additionally 
provided with a selector for selecting any One 
of the sub-stations for communication, and tun 
ing means in the master oscillator shifted by 
said selector to a transmitting frequency appro 
priate to the Selected sub-station. 

13. A communication system for Wired radio 
communication on a power line, said System pro 
viding duplex telephony Without necessitating a 
talk-listen switch, said system comprising One 
master station and a plurality of Sub-stations, 
said stations each comprising a radio frequency 
oscillator, an audio frequency amplifier, a de 
tector circuit tuned to a reception carrier fre 
quency different from the transmission carrier 
frequency of the oscillator, an earphone to be 
operatively coupled to said detector circuit, a 
combination loud speaker and microphone, a 
hook switch for supporting the earphone and 
being thereby held in paging position. When the 
earphone is not in use, said switch being biased 
to move to duplex-telephony position. When the 
earphone is removed from the hook, means con 
necting said station to the power line including 
a series resonant coupling circuit for coupling 
the transmitting Oscillator to the line, and con 
nections to power supply apparatus for energiz 
ing the station apparatus, means to connect the 
detector to the input of the amplifier and means 
to connect the loud speaker to the output of the 
amplifier, for paging or call-receiving purposes, 
when the Switch is in paging position, and means 
to connect the speaker to the input of the ampli 
fier, and means to connect the output of the 
amplifier to modulate the oscillator, when the 
switch is in the duplex-telephony position, and 
means for connecting said earphone to the de 
tector for simultaneous reception during trans 
mission through the loudspeaker, said master 
station being additionally provided with a selec 
tor for selecting any one of the Sub-stations for 
communication, and tuning means in said oscil 
lator and Series resonant coupling circuit shifted 
by said selector to a transmitting frequency 
appropriate to the selected sub-station, the oscil 
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lators of said sub-stations all being tuned to a 
single transmission frequency corresponding to 
the reception frequency of the master station. 

14. A duplex station for a telephone communi 
cation System for Wired radio communication. On 
power lines, said System providing duplex teleph 
ony without necessitating a talk-listen switch, 
Said station comprising a radio frequency Oscil 
lator tuned to a transmission carrier frequency, 
a detector circuit tuned to a reception carrier 
frequency different from the transmission car 
rier frequency of the Oscillator, an earphone to be 
Operatively coupled to Said detector circuit, a 
Switch for supporting the earphone and being 
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thereby held in paging position when the ear- 5 
phone is not in use, Said Switch being biased to 
move to duplex-telephony position when the 
earphone is removed from the hook, means con 
necting said station to a power line and includ 
ing radio frequency couplings for coupling both 
the OScillator and the detector circuit simulta 
neously to the line and power connections to 
power Supply apparatus for energizing the tubes 
of the aforesaid oscillator and detector circuits, 
means to connect the detector to a device func 
tioning as a loud speaker for paging or call 
receiving purposes When the Switch is in paging 
position, and means to connect a device func 
tioning as a microphone to the oscillator to mod 
ulate the Oscillator for transmission purposes . 
When the Switch is in the duplex-telephony posi 
tion, and means for connecting said earphone to 
the detector for simultaneous reception during 
transmission through the device functioning as a 
microphone. 

15. A duplex station for a communication sys 
tem for wired radio communication on power 
lines, said System providing duplex telephony 
Without necessitating a talk-listen switch, said 
station comprising a radio frequency oscillator 
tuned to a transmission carrier frequency, an 
audio frequency amplifier, a detector circuit 
tuned to a reception carrier frequency different 
from the transmission carrier frequency of the 
Oscillator, an earphone to be operatively coupled 
to Said detector circuit, a hook switch for Sup 
porting the earphone and being thereby held in 
paging position when the earphone is not in use, 
said switch being biased to move to duplex 
telephony position when the earphone is removed 
from the hook, means connecting said station to 
a power line and including radio frequency cou 
plings for coupling both the oscillator and the 
detector circuit simultaneously to the line and 
power connections to power supply apparatus 
for energizing the tubes of the aforesaid oscil 
lator, amplifier and detector circuits, means to 
connect the detector to the input of the ampli 
fier and means to connect the output of the 
amplifier to a device functioning as a loud 
Speaker, for paging or call-receiving purposes, 
When the Switch is in paging position, and means 
to connect a device functioning as a microphone 
to the input of the amplifier, and means to con 
nect the output of the amplifier to modulate the 
oscillator for transmission, when the Switch is 
in the duplex-telephony position, and means 
connecting said earphone to the detector for 
simultaneous reception during transmission 
through the device functioning as a microphone. 
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