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JOHN F. FARRINGTON, OF FLUSHING, NEW YORK, ASSIGNOR. To WESTERN ELECTRIC 
COREPANY, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK 

SIGNALING SYSTEM 

original application filed July 31, 1923, serial No. 654,823. Patent No. 1,724,917, dated August 20, 1929. 
Divided and this application filed June 13, 1927. Serial No. 193443. - 

The present invention relates to signaling 
systems and particularly iQ two-way signal 
ing systems employing successive detection 
of carrier Waves, as for example, duplex radio 

5 telephone systems using double detection re 
ceiving circuits. . . . . 
The principal object of the in Yention is to 

prevent the transmitter at one end of such 
systems from causing disturbances in the re 

10 ceiver at that end. . . . . . . 
"f his application is a divisign of applicas 

tion Serial No. 654,823, filed July 31, 1923, 
Patent No. 1,724,917, granted August 20, 
929. w , , a 

A portion of the subject matter desgribed 
and claimed herein is disclosed in my eopend 
ing application Serial No. 326,986, filed Sep 
tember 27, 1919, Patent No. 1,738,235, granted 
December 3, 1929. 

in the illustrative embodiments of the in 
yention shown and described in detail here 

5 

inafter, an oscillator connected to a transplit 
ting and receiving antenna generates an out 
going carrier wave and serves also in re 

25 ceiving, as a heterodyne oscillator and high 
frequency detector. Means are provided for 
connecting to it, in conjugate relation to each 
other, a receiying path and a sending path, 
the receiving path including an intel'nadiate 

30 frequency deteeter and a telephone 'eceiver, 
and the transmitting path including a nicro 
phone and means for causing signal unoctula 
tion of the outgoing carrier Syave. This con 
jugate relation prevents the modulating cur 

85 rent from causing disturbances in the receiver, 
although proper side tone effect is provided 
by detection of the modulated intermediate 
frequency carrier wave resulting from the 
beating action between the unmodulated car'- 

40 pier wave collected by the antenna and the 
outgoing modulated carrier Wave. 

Figs. 1 and 2 are circuit diagrams of two 
forms of the invention. 

Description of Fig. 1.- The transmitting 
4 system in Fig. 1 comprises an antenna 7 to 

which is connected a vacuum tube O--D-15 
in a well-known manner as illustrated, where 
by oscillations are produced in the antenna at 
a frequency approximately equal to the natu 
ral frequency determined by the series ar 

rangement comprising the capacity of the ra 
diating member 7, the inductance of the coil 
16 and the capacity of the condenser 17. The 
frequency of these oscillations may be desig 
nated f. The value of f, may be 500,000 
cycles/sec. for example. Space current for 
the tube O-D-15 is provided by the source 
18, through the speech frequency choke coil 
19, the circuit 20, and the high frequency 
choke coil 21. The choke coil 21 offers high 
impedance to both the incoming and outgo 
ing high frequency waves. Shunted around 
the source 18 and the coil 19 is the anode 
cathode path of a vacuum tube M-22. The 
input circuit 23 of the tube M--22 is coupled 
to a microphone circuit 24 which represents 
any suitable source of speech or other signal 
ing frequency electrical Waves or variations. 
The frequency of these variations may be 
designated St. The production of speech 
Waves in the circuit 24 will cause a corre 
sponding yariation in the impedance of the 
tly be M-22, which will in turn cause a cor 
responding variation in the current Supplied 
to the tube O--D-15 owing to the choking 
action of the coil 19. This will cause the high 
frequency waves generated in the antenna by 
the oscillating tube O--D-15 to be varied or 
modulated in amplitude in accordance with 
the Waves produced in the circuit 24. The 
frequency of the resulting modulated current 
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is herein designated by the expression f, Es. 
This symbolic manner of designating a mod 
ulated wave will be used throughout this 
Specification. A modulated wave so desig 
nated may or may not contain an unmodul 
lated carrier component. In the operation of 
the systems of Figs. 1 and 2, the transmitted 
modulated wave does include such unmodu 
lated carrier component. . . . . . 
Incoming signal waves will be impressed 

upon the antenna. 7. Owing to the detecting 
action of the tube O--D-15 upon both in 
coming and outgoing high frequency waves, 
a variation of potential difference will be pro 
duced across the anode and the cathode of 
the tube O--D-15, having frequencies equal 
to the differences between the incoming and 
outgoing frequencies. The tuned circuit 20 
will be adjusted to be resonant to these differ 
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ence frequencies. Thus, if the incoming Wave 
is a carrier wave of frequency f, modulated 
at times by speech waves Se, and if frequency 
f, equals 500,000 cycles and f equals 580,000 
cycles, then circuit 20 will be adjusted to be 
resonant at 30,000 cycles; and owing to the 
detecting or demodulating action of the Oscil 
lating tube O-D-15 which has its anode 
cathode circuit connected to circuit 20 there 
will occur, in circuit 20, Oscillations having a component with a frequency of 80,000 cycles 
and a wave of this auxiliary carrier frequency 
modulated in accordance with the Speech sig 
nals, or the signal 8 or by both of them in 
case both are being simultaneously trans. 
mitted. This is represented by the legend 

fi-fi: 
adj acent a circuit 20, which is coupled to the 
circuit 20 and which is tuned to and Selects 
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the auxiliary or intermediate carrier fre 
quency. The currents of the intermediate 
carrier frequency in the circuit 20 are am 
plified by means of a suitable annplifying de 
vice A-31 and then passed trough any suit 
able filter 32 to the detector D-12, the out 
put circuit of which includes a suitable in 
dicating device such as a telephone 'eceiver 
13, shunted by a condenser 14. The filter 82 is designed to pass only modulated auxiliary 
carrier frequencies. 

A circuit 25 comprising a variable. Con 
denser and a variable inductance may, if de 
sired, be connected in parallel to the circuit 
containing the source 18 and the coil 19. The 
circuit 25 may be most advantageously tuned 
to be resonant at the auxiliary carrier fre 
quency. This prevents a loss of energy of 
the aixiliary carrier frequency due to the 
voltage drop across the tube M--22. 
The branch circuit 8 which is connected 

to the antenna, is intended to give the anten 
na one natural period equal to the mean pe 
riod of the incoming waves from the distant 
station which are represented by the legend. 
f, Es. An anti-resonant circuit B is serially 
included in the branch 8 and turned to the 
transmitting carrier frequency f, in order to 
prevent current of that frequency, or of the 
frequencies of the outgoing waves which 
are impressed on antenna. , from passing 
through the branch 8. Any suitable tuning 
circuit or tuning means 10 is also provided 
in the branch 8 whereby the said branch may 
be given any desired reactance which is neces 
sary to tune the antenna for the incoming 
WWeS. m : 

An important feature of this arrangement 
is that the frequency of the Waves being 
transmitted is determined by and can be val 
ried by the adjustment of the coil 16 and the 
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condenser 17. After establishing the out 
going carrier at the desired frequency and 
adjusting circuit B to this frequency, the tun 
ing reactance means 10 may be varied within 
considerable limits without producing a ma 
terial variation of the waves being generated 
by the tube O-D-15 in the antenna. 

if desired, the circuit 8 may be omitted; but 
with the antenna tuned for the outgoing car 
rier wave frequency incoming signals will 
then be received less efficiently. 

If the space current path of tube M-22, 
instead of being connected to circuit 20 and 
oscillator O--D-15 as shown in the draw ing, for Supplying speech frequency voltage 
to the Oscillating tube O-D-15, be con 
nected in the place of balancing network 29, 
and the balancing network be then omitted, 
the voltage of speech frequency which is sup 
plied to the oscillating tube from the tube st 
M-22 is impressed serially across the circuit 
20. In some cases, this results in objection 
able transients being set up in circuit 20 
which cause interference with the operation 
of the system. In order to avoid this, the 
circuit 20 is balanced for speech frequencies. 
The lead from the plate of the tube M-22 is 
connected to an intermediate point 27 of the 
coil 28 and a balancing impedance network 
29 is provided. This impedance network is 9 
so adjusted that the time constant . 

L 
R 

of the circuit from the point 27 through the 
oscillator O--D-15 to ground is equal to the 
time constant m 

L 
R 

of the circuit from point 27 through the net 
work 29 to ground. The network 29, there 
fore, constitutes an impedance which simu 
lates the impedance of the plate-filament 
path of the oscillating tube O-D-15 during 
its oscillating condition. 
The elements 30 constitute a grid leak path 

for the oscillating tube O-D-I-15 and com 
prise an inductance in series with a parallel 
combination of a resistance and a condenser. 

Operation of Fig. 1.- When signals are be 
ing transmitted from the local station there 
is radiated from the antenna, 7, a modulated 
carrier wave fits, which is available for 
combination with the incoming signaling 
wavefits to cause the transmission through 
circuits 20 and 20 of the Wave 

f-fill 
This produces in the receiver 13 at any in 
stant either or both of the signals.8, and 89, as 
indicated by the legend 
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adjacent the receiver, depending upon 
whether one or both are being transmit 
ted at that instant. When no transmis 
sion of the signaling frequency is going 
On, of course, only the unmodulated compo 
nent of the outgoing carrier combines with 
the incoming wave, to produce the auxili 
alry carrier wave. The auxiliary carrier 
frequency may be equal either to the sum or 
the difference of the principal carrier fre 
quencies, but since many practical advan 
tages are attached to using the difference fre 
quency rather than the sum frequency, this is 
the one which it has been assumed above is 
utilized. The amplitude of the intermediate 
or auxiliary carrier frequency wave im 
pressed on the detector D-12 is proportional 
to the product of the amplitudes of the prin 
cipal carrier waves generated at the local and 
the distant stations, respectively. Thus, as 
suming the same percentage of modulation at 
each station, the signal heard in the local 
receiver is of approximately the same inten 
sity whether the local or distant station is 
signaling. In order to obtain a maximum 
indication from the distant station, it is con 
sequently desirable to allow sufficient energy 
of the local carrier wave frequency to enter 
the receiving circuit to load the detector or 
the rectifying device such as D-12 with ap 
proximately the maximum energy input 
which it is capable of handling with 
out material signal distortion. The local 
energy is thus utilized as a desirable agent 
during the non-transmitting periods. The 
effects of interfering waves on the radio sys 
tem are thereby, to a considerable extent, 
Overcome. . . . - 

The transmitting operator will at once be 
come cognizant of an inoperative condition 
of his transmitting or receiving system or 
that of the distant transmitter, since the ab 
sence of side tone effect Will warn the oper 
ator that the apparatus is not working prop 
erv. 
ilancing the circuit. 20 for speech fre 

quencies reduces the number and amplitude 
of disturbing transients introduced in the 
receiving circuit and reduces the amplitude 

{} of speech frequency side tone directly in 
troduced into the receiving circuit. 

Description of Fig. 2.--Fig. 2 is similar to 
Fig. 1 but includes additional means to in 
crease the selectivity and to reduce the side 

Corresponding elements in the two 
figures are identified by similar reference 
characters, and the letters f and S with ap 
propriate subscripts are applied in Fig. 2 
with meanings similar to those in connec 
tion with Fig. 1. The selecting function of 
the tuned circuits 20 and 20', of Fig. 1 is 
here performed by a band pass filter 33 of 
a well-known type. The filter 33 selects 
a band of frequencies equal in width to the 
modulated wave resulting from the combina 

tion of the incoming and outgoing waves and 
substantially suppresses waves of other fre 
quencies. The band pass filter 33 is connect 
ed to the input circuit of an amplifier A-34. . . 
To the output circuit of the amplifier is con 
nected a band pass filter 32 similar to filter 
33 or otherwise constructed as may be de 
sired. . . . . . . . . . . . . . . 
The filter 32 supplies the input circuit 

of an amplifier A-35 which in turn feeds 
the detector D-12. It will thus be seen that 
the intermediate frequency which may be 
equal either to the sum or the difference of 
the outgoing and incoming carrier waves 
is first selected by the band filter 33, ampli 
fied by the amplifier A-34, again selected 
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80 . 
by the filter 32 and again amplified by the 
amplifier A-35. Such an arrangement is 
highly efficient in selection and amplification. 
Additional stages of amplification or addi 
tional selective means may be inserted in 
the circuit at any point. . . . . . 
By a tap 27 upon the coil 28 a balance of 

speech frequencies is obtained whereby the 
amount of speech frequency voltage intro 
duced into the filter 33 is reduced. The op 
eration of the circuit of Fig. 2 will be ap 
parent from the description above of the 
operation of Fig. 1, without further expla 
nation. . . . . . . . . , 
What is claimed is: 
1. A station for two-way communication 

systems comprising in combination, a trans 
mitting circuit including, a source of sig 
naling waves, a high frequency earrier wave 
source, and means for modulating said car 
rier waves in accordance with the signaling 
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waves, means including a portion of said 
transmitting circuit for combining the ener 
gies of Said carrier waves, modulated at times, 
With an incoming carrier wave, modulated at 
times, to produce a similarly modulated in 
termediate frequency carrier wave, a receiv. 
ing circuit for said intermediate frequency 
carrier Wave, and means conjugately relating 
portions of said transmitting and said re 
ceiving circuits. . 

nected in said circuit for translating the 
transmitted Wave and for combining the 
transmitted Wave with an incoming modul 
lated carrier wave to produce a modulated 
intermediate frequency carrier wave, a cir 
cuit for transmitting modulating waves to 
and said modulated intermediate frequency 
carrier wave from said means, a source of 
modulating current in energy transfer rela 
tion to said last mentioned circuit, a modul 
lated intermediate frequency carrier wave 
transfer circuit also in energy transfer re 
lation with Said last mentioned circuit, and 
balancing means for preventing the modu 
lating waves from affecting said transfer cir 
cuit. 
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2. A carrier wave transmission system 
comprising a transmitting circuit, ineans con 
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3. A carrier wave transmission system 
comprising a transmitting circuit, means 
connected in said circuit for translating the 
transmitted wave and for combining the 
transmitted wave with an incoming modu 
lated carrier wave to produce a nodulated 
intermediate frequency carrier Wave, a cir 
cuit for transmitting modulating waves to 
and said modulated intermediate frequency 
carrier wave from said means, a source of 
modulating current in energy transfer rela 
tion to said last mentioned circuit, a modul 
lated intermediate frequency carrier wave 
transfer circuit also in energy transfer rela 
tion with said last mentioned circuit, and 
balancing means for preventing the modu 
lating waves from affecting said transfer 
circuit, said balancing means comprising an 
impedance which simulates the impedance, 
during its transmitting condition, of the 
path, including the transmitting circuit, 
from one terminal of the impedance to the 
other. - 

4. A transmitting and successive detection 
signaling system comprising a two-way coin 
munication channel, a signal current chan 

...) 

s 
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nel and a receiving channel connected in 
substantially conjugate relationship to each 
other, and means comprising an oscillator 
detector circuit to connect said conjugate 
channels in energy transfer relation to said 
two-way channel. 

5. A signaling system comprising a two 
way communication channel, a detector in 
cluded in said channel, a receiving channel, 
means included in said receiving channel for 
producing a second detection of the detected 
wave from said first mentioned detector, a 
sending channel, and means connecting Said 
sending channel and said receiving channel to 
said two-way channel in substantially conjul 
gate relation to each other. 

6. A signaling system comprising two sta 
tions each of which includes a source of sig 
nal waves, a high frequency carrier. Wave 
source, means for modulating the carrier Wave 
generated by said source in accordance with 
the corresponding signal wave, means at least 
partially common to said high frequency car 
rier wave source for combining the energy of 
said carrier waves, each modulated at times, 
to produce a similarly modulated internedi 
ate frequency carrier wave, means for deriv 
ing the signal waves from said intermediate 
frequency carrier wave, and means substan tially conjugately relating Said modulating 
means and said means for deriving the signal 
waves from said intermediate frequency car 
rier Wave. 

7. A station for two-way communication 
systems comprising in combination a trans 
mitting circuit and a receiving circuit, includ 
ing a transmitting and receiving conductor, 
common means associated in energy trans 
fer relation with said conductor for generat 
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ing the outgoing high frequency carrier wave 
and for producing from the incoming modu 
lated high frequency carrier wave a similarly 
modulated intermediate frequency carrier 
wave, a modulating circuit associated with : 
said means for modulating said outgoing high 
frequency wave, a device for detecting said 
intermediate frequency wave, and means Sub 
stantially conjugately relating portions of 
said transmitting and receiving circuits. 

8. A carrier wave transmission system 
comprising a transmission circuit, means 
connected to said circuit in energy transfer 
relation for generating a high frequency cal'. 
rier wave and for producing from an incoln 
ing modulated high-frequency carrier wave a 
similarly modulated intermediate frequency 
carrier wave, a circuit for transmitting nod 
ulating currents to and intermediate fire 
ouency modulated current from said means, a 
modulating source in energy transfer relation 
to said last mentioned circuit, a detecting de 
vice, a tuned circuit connecting said detecting 
device in energy transfer relation to said last 
mentioned circuit, and balancing means for 
preventing the modulating current from af 
fecting said detecting device, 

9. A carrier wave transmission system 
comprising in combination, a transmitting 
and receiving conductor, common means as 
sociated with said conductor for generating 
a high frequency carrier wave and for pro 
ducing from the modulated carrier wave re 
ceived over said conductor a similarly mod 
ulated carrier wave of different frequency, 
a band pass filter associated with said means 
for selecting the modulated carrier Wave of 
said different frequency, an amplifier for 
amplifying said selected wave, a band pass 
filter-connected to said amplifier for selectively 
transmitting said amplified wave, an ampli 
fier for amplifying the latter wave, a detec 
tor connected to said latter amplifier, modul 
lating means associated with said conductor 
and said first mentioned filter, and means 
substantially conjugately relating said mod 
ulating means and said first mentioned filter. 

10. A combination for two-way signaling 
comprising a transmission means, an oscilla 
tor-modulator circuit, a source of signal cur 
rents and a receiver circuit both of which are 
associated with said transmission means 
through said oscillator-modulator circuit: 
and balancing means for preventing said 
signal currents from affecting said receiver 
circuit. - - - v. 

In witness whereof hereunto subscribe 
my name this 8th day of June, A. D., 1927. 

JOHN F. FARRINGTON. 
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