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Dlvided and thm applieation ﬂteri June 13 1927, ‘

The plesent 1nventmn velat Lo t0 1gnahno
systems and p‘utlwl 11}/ tQ iwo ~way signal-
ing systems émploying successive detec‘elon
of carrier waves, as forex caraple, duplex radio
telephone systems. ubmn‘ “dovible debectlon res
ceiving circuits.

The principal object of the myeﬂtmn is to
px event the transmitter at one end of such
qystemq from causing dlsturbances m the re-
ceiver at that end

This application is a cumsﬂqn of applica:
tion Serial No. 654,823, filed July 81, 1923,
Patent \?o 1 794 917 or'mued Augmt 20

1929.

A portion of the sublect matter ds scribed
:md claimed herein is disclosed in my Lopend—
ing application Serial No. 326,986, filed Sep-
tember 27,1919, Patent No. 1, 738 Qoo, granted
December 3, 1999, ‘

In the illustrative embodiments of the in-
vention shown and described in detail here-

inafter, an oscillator connected tg 2 a transmit-

ting and 1ece1v1ng antgnna oenerafe% an out-
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going carrier wave and serves also In re-
ceiving, as a hetemdyne oscillator and high
uequency detector. Means are pmwd qd "01
connecting te it, in conjugate relat: on to'each
other, a reeeiving path and a sending path,
the receiving path 1ncluding an intermediate

ﬁequehcy deteetor and a t'ﬂephone receiver,
an the transmitting path including » niiero-
phone and means for causing swnal modunlia-
tion of the outgoing carrier wa Ve This con-
jugate 1e1at10’1 p}events the modulating cur-
rent from cansing disturbances in the receiver,
although proper side tane effect is pLOVld(‘J
by detection of the modulated intermediate
frequency carrier wave resulting from the
Leatmg action between the unmodulated car-
rier wave collected by the antenna and the
outgoing modulated ‘carrier wave.

I‘lcrs 9 and 2 are cirenit diagrams of two
forms of the invention.

Description of Fig, 1.—The transmitting
system in Fig. 1 comprises an antenna (¢ to
which is connected a vacium tube O—D-—15
in a well-known manner asillustrated, where-
by oscillations are preduced in the antenna at

a frequency approximately equal to the natu--

ral frequency determined by the series ar-

3&31‘1&1 No 198,44..,

rangement eompmsmo the capacity of the ra-

chatmg member 7, the inductance of the coil
16 and the capa(uty of the condenser 17, The

“frequency of these oscillations may be desig-

nated fi, The value of £, may be 500,000
cycles/sec., for example "Space-current for

the tube O—D——lo is provided by the source

18, through the speech frequency. cholke coil
19 the cncult 20, and ‘the high frequency
choke coil 21. The choke coil 21 offers high
nnpedance to both the i 1ncommor and outfro—
ing high frequency waves. Shunted around
the source 18 and. the coil 19 is the anode-
cathode pw,th of’ a vacuum tube M—22. The
input circuit 28 of the tube M——92'is coupled
to a microphone circuit 24 which represents
any suitable source of speech or other signal-
ing frequency électrical waves or variations.
The frequency of ‘these variations may be
designated s;. The production of speech
waves in the circuit 24 will cause a corre-
sponding variation in the impedance of the
tibe M—22, which will in turn cause’a cor-
respondm(r Varlatlon in the current supplied

to the tube 0—D=-15 owing to the choking '

action of the coil 19. "Phis will catise the' high
frequency waves generated in the antenna by
the oscillating tube O—B—15 to be varied or

'modulated in amnhtude n woeordance with

the waves prqduced in the circuit 24. The

frequency 6f the resylting modulated current

is herein designated by the éxpression fli“S]
This Symbohc manner of designating a mod-
ulated wave will be used throuorhout this
spec1ﬁcat10n A modulated wave so desig-
nated may or may not contain an unmodu-
lated carrier component. In the operation of
the systems of Figs: 1 and 2, the transmitted
modulated wave does 1nclude such unmodu-
lated carrier component.

Incoman' signal ‘waves will be 1mmessed
upon the antenna 7. Owing to the detectlng
action of the tube O—D—15 upon both in-
coming and outoomo ‘high frequency waves,
a variation of potentlal chﬁerence will be pro-
duced across the anode and the cathode of
the tube O—D—15, having frequencies equal
to the differences between the 1 1ncom1ng and
outgomcr frequencies.” The tuned circiit 20
will be ad]usted to be reson‘mt 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 s., and if frequency
71 equals 500,000 cycles and. f» equals 530,000
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 oceur, 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-
nal s, or the signal s, or by both of them in
case both are being simultaneously trans-
mitted. This is represented by the legend

' fz—fli{‘z—;

adj' acerita 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 207 are am-

% plified by means of a suitable amplifying de-

vice A—31 and then passed trough any suit-
able filter 32 to the detector D—12, the out-

“piit circuit of which. includes a suitable in-

dicating device such as a telephone receiver
13, shunted by a condenser 14. The filter 32
is designed to pass only modulated auxiliary
carrier frequencies. . L

L fs

fz, fli{sz B

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 auxiliary carrier frequency due to the
voltage drop across the tube M—22. o
~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=s,. An anti-resonant circuit B is serially
included in the branch 8 and turned to the
transmitting carrier frequency £, in order to
prevent current of that frequency, or of-the

_ frequencies of the outgoing waves which

are impressed on antenna 7, 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
waves.. : : :

An important feature of this arrangement
is that the frequency of the waves being
transmitted is determined by and can be va-
ried by the adjustment of the coil 16 and the

1,784,867

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. '
_ Ifdesired, 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 frequéncy which-is sup-

plied to the oscillating tube from the tube g

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 ig
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 - f

- L

R

of the circuit from the point 27 through the
oscillator O—D—15 to ground is equal to the
time constant - i ‘
L
L R 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 ozeillating condition. -

The elements 30 constitute a grid-leak path
for the oscillating tube O—D—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 f,=*s;, which is available for

combination with the incoming signaling ;5

wave f,* s, to cause the transmission through
circuitsr 20 and 20" of the wave

: [
po= {5
This produces in the receiver 13 at any in-

stant either or both of the signals.s; and s,, 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 comhines with
the incoming wave, to produce the auxili-
ary 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 pereentage 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
whieh it ‘is capable of handling  with-
out.material -signal . distortion, - The lacal
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-
erly.

]%alancing 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 Iig. 2—Fig. 2 is similar to
Fig. 1 but includes additional means to in-
crease the selectivity and te reduce the side
Corresponding elements in the two
figures are identified by similar reference
characters, and the letters f and & 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-

3

tion of the incoming and outgoing waves and
substantially suppresses waves of other fre-
quencies.  The band pass filter 88 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 82 similae to filker
33 or otherwise constructed as may bhe de-
sived. o Coe
The filter 82 supplies the input circuit
of an amplifier A—35 which in turn feeds
the detector D—192. 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 83, ampli-
fied by the amplifier A—34, again selected
by the filter 32 and again amplified by the
amplifier A-—85. 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  akove of the

operation of Fig. 1, without further expla-

nation. » L
What is claimed is: :

1. A station for two-way communication

gystems 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
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 velating
portions of said transmitting and said re-
ceiving circuits, -

2. A carrier wave tramsmission system

comprising a transmitting circuit, ineans con-
nected .in said circuit for translating the
transmitted - wave and for combining the
transmitted wave with an incoming modu-
lated carrier wave to preduce 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 ecircuit, a modu-
lated intermediate frequency carrier wave
transfer circuit also in energy transfer re-
lation' with said last mentioned circnit, and
balancing means for preventing the modu-
latgitng waves from affecting said transfer cir-
cuit.
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3. A carrier wave transmission- system
comprlsmg a transmitting -circuit, means
connected in said circuit for tramlaumo the
transmitted wave and for comblmnd the
transmitted wave with an incoming modu-
lated carrier wave to produce a 1“1odulmcd
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 energ gy transfer rela-
tion to said last mentioned circuit, a modu-
lated  intermediate frequency carrier wave
transfer circuit also in energy transfer rela-
tion with said last mentioned ecirenit,: and
balancing means for preventmg the modu-
lating waves from affecting said transfer
circuit said balancing means comprising an
1mpedance which simulates the impedance,
during  its transmitting condition, of the
path, lncludmo the transmitting -cireuit,
from one termmal of the 1mpedzmce to the
other.

4. A transmitting and successive detectlon
signaling system comprising a two-way con-

' munication channel, a signal- current chan-
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nel and a’ receiving channel connected - in
substantially conjugate 1elat10nshlp to each
othér, and means comprising an oscillator-
detector circuit to connect said con]us,a
channels in energy transfer relation to said
two-way channel.

5.- A signaling system compusmo a two-
way communication channel, a’ detector ‘in-
cluded in said channel, a receiving channel,
means included in said veceiving channel for
producing a second detection of the detected
wave from said first mentioned -detector, a
sending channel, and means. connectmo said
sending channel and said receiving channel to
said two- -way channel in subst‘mtlfﬂly Cf)Yl:} u-
gaterelation 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, Ieans for modulating the carrier wave
generated by said source in accordfmce Wlfh
the corresponding signal wave, means at leas
partially common to said high freqvencv car-
rier wave source for combining the energy of
said carrier waves, each mod ulated at times,
to produce a svnwlarly modulated intermedi-
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 deuvmo the .31011‘11
waves from said intermediate frequency car-
rier wave.

7. A station for two-way communication
svstems compusmfr in comblnatlon a trans-
mitting cireuit and a receiving cireuit, includ-
ing a tra*}smlttlno and receiving conductor,
common means associated in energy trans-
fer relation with said conductor for generat-

1,784,867

ing the outgoing hloh {requency carrier wave

and for producmo from the incoming modu-
lated high frequency carrier wave a similar ly
modulated intermediate frequency carrier

wave, a modulating circuit associated with -

said means for modul ating Sa.ld outgoing high
frequency wave, a device for detecuncr said
intermediate frequency wave, and means sub-
stantially” conjugately relatmo portions of
said transmitting and receiving circuits.

8. A carrier wave: transmission system
comprising’ a transmission cn‘cuu. means
connected to said circuit in energy transfer
relation for generating a high frequency car-
rier wave and for producing from an incom-
ing modulated high frequcncy carrier wavea
snn*l‘uly modulated intermediate frequency
carrielr wave,a cireuit for transmi ttwo *vod—
ulating ‘currents: to. and -inter medvue {ie-
quency v modulated current from said means, a
medulating source in energy transfer relation

to said last mentioned c1rcu1t, a detectlno de- .

vice, a tuned circuit connecting seid dﬂtectmo
device 111 energy transfer relation tosaid Iast
mentioned cireuit, and balancing means for
prey enting the modulating curlent from qt—
fecting said detecting devme ,

9.°A carrier wave transmission system
comprising In combir wtion, a’ transmitting
and receiving conductor, common means as-
sociated” Wluh sald conductor for generating
a high frequency earrier wave and for pro-
ducing from the modulated carrier wave re-
ceived over said conduector a similarly mod-
ulated carrier wave of different frequency,
a band pass filter associated ‘with said means
for ‘selecting the modulated carrier wave of
snid different frequency, an amplifier for
amplifying said selected wave, a bfx dpass
filter-connected tosaid amiplifier Forse lectively
transmitting said amplified wave, an rmm)h—
fier for ‘unphf} ing the latter wave, a detec-
tor connected to said latter amplifier, modu-
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 cn‘cult a source of signal cur-

rents and a recéiver CIT'0111+ both of Whlch are
associated with - said transmission means
through ‘aid oscﬂlator modulator circuit
and balancmo means for preventing ssud
signal currents from aﬁectmo said receiver
clrcmt

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