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L6 all whom it moy concern:

Be it known that I, Jomw Miwis, a citizen
of the United States, residing at Wyoming,
i the county of Hesex and State of New
Jersey, have invented certain new and usetul
Improvements in Wave-Transferving Cir-
cuits for Comnunication Systems, of which
the {ollowing is a full, clear, concise, and
exact description:

Thig invention relates to radio transmis-
siou axrd one object is to secure shinultaneons
sending and receiving without the use of
several antennge. This object is accomplished
by employing novel means for alternately
connecting the transmitting and receiving
apparatus to the antenna in rapid succession.
Other objects will appear from a perusal
of the following detailed description, after
which the features believed to be allowable
are get forth in the claims.

This invention will be more clearly under-
tood by reference to the drawing which
represents o combined transmitting and re-

&
&

el systemn construeted in accordance
with this invention. Referring to the fig-

vepresents o generator of high fre-
‘ oscillations which may be of any
suitable form, but is here shown as an oscil-
lating vacuum tube.  The odeillation gener-
ator comprises i closed tuned civcuit having
an inductance and a capacity serially in-
cluded therein with the ancde and grid of
a thermionic repeater connected respective-
Iy to the terminals of the capacity and the
filawaentary cathode connected to an inter-
mediate point in the inductance. A space
current battery 1s included in the anode-
cathode circuit. 2 vepresents a microphone
circuit in which are produced alternating
currents of telephonic frequency. By means
of a transformer this circuit 2 is connected
to the input terminals of a thermionic ampli-
fier & whose function is to increase the effec-
tive amplitude of the telephone currents pro-
duced in circuit 2. 'The telephone currents
1 cireuit 2 cause o corresponding voltage 6o
be impressed across the grid and cathode of
the amplifying tube, thereby causing corre-
sponding but greater changes of current and
voltage 1n the output circuit connected to
the anode and the cathode thereof. The
means shown typifies any suitable amplify-
ing means which might be utilized. The
output cireuit of amplifier 3 is connected to
the input circuit of a thermionic modu-
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lating device 4 by which connection the im-
pedance of the tube 4 is made to vary in
accordance with the signals originating in
the civeuit 2. The output cireuit of the high
frequency generator 1 is also connected to
the input circuit of the modulator 4 with
the result that in the output circuit of the
latter there appear high frequency oscilla-
tions, modulated in amplitude in accordance
with the signal waves due to the microphone.
These modulated waves in the output cireuit
ave next impressed upon the input circuit
of an amplifier or a system of amplifiers 5
whose common output cireuit contains a coil
6 which 1s coupled to a coil in the antenna 7.
The method of periodically connecting
this transmitting system to the antenna con-
sists in rendering the generator 1 alternately
efficient and inefiicient by means of the ap-
paratus next to be described. It is well-
known that if the potential of the grid of
o thermionic amplifier is made to take a
sufliciently high negative value with respect

R

to the potential of the cathode, the space cur-

rent in the amplifier may be reduced to zero,
and consequently its efliciency is also reduced
to zero. When the space current of the tube
of the generator 1 is thus diminished, it will
be clear that no signals will he transmitted
from the antenna 7. The method of secur-
ing this periodic reduction in space currents
will now be explained. 8 represents a gen-
erator of oscillations of frequency above the
limit of wudibility, but considerably below
the frequency generated by the generator 1.
1t 1s proposed to impress these oscillations
upon the input cirenit of the generator 1
and thereby cause the resultant voltage over
that circuit to vary periodically by an
amount sufficient te reduce the space current
to zero during half the time of operation.
The generator 8 would normally furnish
from its output circuit an approsimately
sinusoidal current whereas it is desirable
that the electromotive force impressed upon
the input circuit of generator 1 shall be an
approximately flat topped wave. A flat
topped wave 1s one which has a substantially
constant potential for each half wave.
When the flat topped wave is negative, the
vacuum tube is rendered inoperative and
here it is not altogether essential that the
wave be flat topped, that is, that the poten-
tia] be constant provided that the potential
is sufficiently negative to keep the tube in-
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operative. When the flat topped wave is
positive, however, the tube is operative but
here it is essential that the wave be flat
topped, that is, that the voltage be constant
so that only the variable signal currents will
apply a variable potential to the tube where-
by the space current in the tube will be con-
trolled only by the variable signal current.
‘When the halves of the wave act alternately
to render inoperative each of a pair of
vacuum tube devices, it is therefore prefer-
able that both halves of the wave be flat
topped.

As explained, page 62 et seq.—Byerly’s
“Fourier’s Series,” a flat topped wave may
be represented by the equation

=A (sin @414 sin 3w+4Y5 sin 5z, etc.)
where A is a numeric and @ represents an

angle. This equation may be represented
by the infinite series

SV 2 sin @N+1

I\g—:}o mSIH( N - ).L,

where N is an integer.

This form of wave is secured by connect-
ing the output circuit of generator 8 to the
input circuit of a power limiting device 9.
The device 9 may consist of a thermionic
repeater having a high resistance 19 in the
output cirenit. Such a resistance limits the
output current to a definite maximum valus
even though high potentials arve applied to
the input circuit. Any other suitable ar-
rangement, however, may be utilized as a
power limiting device for effecting the flat-
tening of the wave. Such a device has the
effect of cutting off the top of the wave at
a predetermined value. The device 9 limits
the power and produces a flat topped wave,

- since, for current above a given value, the

fall of potential across the resistance 19 be-
comes effective to prevent further substan-
tial increase of the current. The frequency
generated by the device 8 will be above the
limit of audibility as hereinbefore stated
and preferably oi the order of 10,000 to
30,000 cycles per second. Transformer 20
gerves to impress the flat topped wave upon
the input resistances 22 of the amplifying
devices 10 and 18. A condenser 21 connect-
ed across the secondary of transformer 18
may have any suitable value of capacity.
but preferably a small value. A flat toppad
wave then appears in the output circuit of
the power limiting device 9, and is iImpressed
upon the input circuit of the generator 1
through the amplifier 10 and switch 11,
whose functions are to provide for the tun-
ing of the system without the added compli-
cation of the control generator 8 and its as-
sociated circuits. The function of amplifier
10 is to adjust the controlling voltage at the
terminals of generator 1 to the correct value.

In receilving signals, a tuned circuit 12
is coupled to the antenna and supplies power
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to the input circuit of a power limiting de-
vice 13, whose function is to prevent exces-
sive disturbances in the receiving system
when messages are being transmitted from
the local station.. The power limiting de-
vice 18 may be similar to the device 9 as
shown, or may be any suitable device for
limiting the transferred energy. The out-
put circuit is coupled through another tuned
cireuit 14 to the input circuit of the detector
15. The output circuit of this detector is
coupled to a translating device 16, for ex-
ample, a telephone receiver.

It is desired to make the detector 15 op-
erative only during the time that signals
are not being transmitted by the transmit-
ting circuits, and for that purpose the con-
trol wave due to generator 8 is caused to
apply a negative potential to the grid of
the detector 15 and the grid of the generator
1 alternately. - This is accomplished by con-
necting the output circuit of the power lim-
iting device 9 through switches 17 and the
amplifier 18 to the input circuit of the de-
tector 15, the connections being such that
the voltages produced by the control source
of electromotive force and impressed upon
the input circuit of detector 15 are in oppo-
site phase to those impressed upon the input
cirenit of the generator 1. By this means
the generator 1 will be in eficient transmit-
ting condition when the efficiency of the de-
tector 15 is zero and vice versa.

In adjusting this system for operation it
will be desirable first to tune for receiving
signals with the switches 17 and 11 open
and with the transmitting arrangement cut
out, then to close these switches and adjust
the frequency of the control generator 8 un-
til signals are heard distinctly. It will then
be possible to transmit and receive without
interference. ‘

The arrangement disclosed may be re-
garded as a system for two-way repeating
to and from a line. The antenna 7 consti-
tutes a signaling conductor or line from
which incoming waves pass throungh the
power limiting device 13 and the detector
15 to the receiver 16. When the grid of the
detector is made negative by the auxiliary
channel 8, the detector is inoperative. When
the detector is operating the energy of the
high frequency waves passing through it is
in part transformed into low frequency en-
ergy and supplied to the receiver 16. On the
other hand, waves {from the microphone cir-
cuit 2 arve amplified by the amplifier 8 and
combined with waves from the generator 1 to
produce modulated high frequency waves at
the modulator 4. The modulated high fre-
quency waves are transferred through the
amplifier 5 to the antenna civeuit. When the
generator 1 is inoperative, no high fre-
waves will be produced and the path

quency

4, 5 will have a negligible transferring effi-
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ciency for the speech wuves from the circuit
2 because of the relatively high attenuating
effect of the tuned circuit between the tubes
4 and 5. ‘Waves transferred through the in-
put circuit, therefore, have their frequency
changed during transmission by detection
while the outgoing waves are changed in
part by modulation.

Although the invention has been described
as applied to a duplex radio signaling sys-
tem, it is apparent that many of the features
are equally well adapted to use in other radio
systems than the kind described and also in
wire systems employing high frequency cur-
rents varying in accordance with signals. Tt
is also apparent that several features of the
invention are capable of general application
not only to various kinds of signaling sys-
tems, but also to use in cther transmission
systemms.

What is claimed is:

1. A two-way signal transmission system
comprising separate channels for transmit-
ting in each direction, a space discharge de-
vice cooperating with each channel and
funectioning as an essential element for main-
taining eflicient transmission therethroungh,
an electrode in each of said devices, and elec-
trical arrangements whereby at a given in-
stant of time one only of said electrodes is
established at such a potential as to render
the corresponding device inoperative and
thereby render the channe! with which said
device is associated incapable  of efficient
transmission.

2. The method of repeating electrical va-
riations by means of a repeating device
which comprises continuously applying the
waves to be repeated to said device, and au-
tomatically periodically rendering said de-
vice inoperative at a frequency widely dif-
ferent from the frequency of the waves to be
repeated.

3. The method of utilizing a thermionic
repeater for the transmission of signals
which are transferred by electrical waves
which comprises alfernately rendering the
repeater operative and inoperative at a fre-
quency which is low as compared with the
wave frequency but is so high that each in-
operative period is short compared to the
shortest signal element desived to be trans-
mitted.

4. The wethod of operating a thermionic
repeater which comprises continucusly sup-
plying waves to be repeated to the input
civenit thereof,  and automatically supply-
ing a substantially flat topped wave to the
input circuit.

5. The method of operating a thermionic
repeater which comprises continuously sup-
plying waves to be repeated to the input cir-
enit thereof, supplying to said repeater at

times 2 substantially constant voltage of a
value adapted o maintain said repeater in
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an eflicient repeating condition, and rapidly
and cyclically changing sald voltage to a
substantially  constant voltage of a wvalue
adapted to render sald repeater of negligible
effictency.
6. in combination, a plurality of thermi-
o1lic a plurality of sources of
waves to be repeated by

;

{
!

repeaters.

5y said repeatfers re-
spectively, and neans for rendering said re-
peaters substantially inoperative 1 c¢yclic
order.

gpace discharge vepeater, a source of
2 Lo be repeated theveby, and means for
ately rendering said repeater operative

nd inoperative for periods large as com-
¢ with the tine reanived for the trans-
: ¢ be re-

1
mission of weveral suceessive waves t

0
iben

g o repeater having
an input and an cutput cireuit, a source of ap-
proximately flat topped voltage waves, an-
tomatic m ‘or applying suid waves to
said circuit, & separate source of waves to
be repeated, I means for deriving re-
peated waves said output eireuit,

9. A thermionic repeater including o plu-
rality of electrodes, o ecireuit connected be-
tween two of said electrodes, & source of ap-
preximately fiat topped voltage waves, and
automaticaily operative means for applying
to said civeuit, waves frow said source of a
gufficiently large value to render said re-
peater moperative.

10. A space discharge device including a
cathode and an impedance controlling ele-
ment, and automatic means connected to said
element for varying the potential thereot
with respect to the potential of said cathode
in accordance with a curve represented by
the nfinite series

of o maximmm value sufficient to ren-
id repeater noperative.

b twe-way signal fransmission system
comprising separate channels for transmit-
ting in each direction, a space discharge de-
vice cooperting with each channel and fune-
tioning as an essential element for maintain-
ing efiicient  transmission  therethrough,
means Yov establ

ishi i
foree for each of

a controliing field of
said devices. and electvical
arrangements whereby at o given instant of
time one only of said fields of foree is given
such a value as to render the corresponding
device ineperative,

12. A sevstem including o space discharge
epeater, a civeuit for supplving waves to be
repeated to said repeater, a source of waves
of ultra-audible frequency and flat topped
wave form, and means for applying said
ultra-audible waves to said repeater.

18, In o duplex transmission system,
means for accomplishing transmission in one
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direction including a space discharge device,
mweans for (/‘(;xnph.‘]h ing transmission in the
opposite dir cetion including a second space
drca"“f"l den 'IL“ and means acting inde-
pen \Aﬂ“ of ¢ upm,‘ation of the aforeszid
menns for causing said devices to be opera-
tive and inoperative alternately.
A signaling system comprising a plu-
pzuhs for the transmission of elec-
space discharge device con-
ch of said paths, o source of en-
for said devices, and an
electrical waves for cy-
said devices inoperative.
ster comprising u

ve
che

rality of

trical Waves. o
uc‘ed in e

isston paths, separate
for supplying waves t¢ ench path to
wanitted thevethrough. a space dis-
vepeater connected to each path,

of voltage of a value sufficient to ren-
said repeaters inoperative, and means
solving said voltage to sald repeaters
cyel mﬂh

H6. A communication system (;o‘nprjsing a
plurality of (umi«‘; having » fixed state of
continuity and including compiute apparatus
for the transmission of clectrical waves
through each of said circuits, and an inde-
pendent source of current for alternately
rendering said paths opaque to the waves to
e transmitted.

7. A system comprising a plurality of
normally asymmetrically transmitting wave-
transferring circuits having a fixed state of
continuity, and means for cyclically causing
said circuits to have negligible wave trans.
ferring power in the normally transmitting
directicn thereof.

18, Means for use in transmission systems
comprising a sonrce of waves to be repeated,
a space discharge repeater for repeating said

vaves, said rupe‘ltbr including an impedance
(ontrolhno" element, and means for alter-
nately applymg to said element and remov-
ing therefrom a negative potential of a
higher order than the amplitude of the
waves to be repeated at a frequency diffsring
from the frequency of said source by a dif”
ference greater than an audible irequency

19. In a signaling system, means for sig-
naling in one divection and means for sig-
nalmg in another direction, each of said
means incuding a vacunm tube, and means
for acting upon said tubes alternately to
render them substantially inoperative at a
frequency which does not interfere with the
transmission of signals.

20. In o signaling gystem, means includ-
ing a vacuum tube for signaling in one di-
rection and means including a second vac-
vum tube for signaling in another direction,
a generator of alter nating current, and
means for supplying curmnt of opposlte
phases from said generator to said tubes.

21. A duplex s1guahng system, compris-

1,507,887

of high frequency waves,
ting “the high frequency
g conductor, a recelving
circuit confa,lm g a detector associated with
said conductor, and a second generator for
controlling the efficiency of said first gener-
ator and said detector.

22. A duplex signaling system, compris-
ng & generator ot high frequency waves,
means for modulating the high fr requency
waves, a signzumg conductor , a recelving cir-
cuit containing u detector associated with
said conductor, said generator and said de-
tector beinq' normally operative, and a sec-
ond generator connected to alternately ren-
der said first generator and sald detector
noperative,

2¢. A duplex signaling system, compris-
ing a generator of hwh irequency waves,
neans for mouuhunsz the high frequency
waves, a signaling conductor, a recelving cir-
et contumnf) a detector associated with
said co vzductor, sald generator and said de-
tector being normually operative, and a see-
ond ge: nerator connected to alternately ren-
der said fivst generator and said detector
inoperative at a rate above the limit of
audibility.

24. A duplex gignaling system, comprising
a generator of hloh irequency oscillations,
means for modula tmO' the high frequency
waves, an amplifier, a 1onahn<r conductor,
a recelving circuit (ontzumno a detector as-
sociated with said conductor and a second
generator of iroo uency above the limit of
audibility, so connectéd as to render said
fivst \,eﬂeratm aperative and the detector in-
ouomuv e when its electromotive force is in
one direction and to render said first gener-
ator inoperative and the detector operatwe
when its electromotive force ig in the oppo-
site direction.

25. A duplex sigpaling Svatem compris-
ing a generator of hwh frequency waves,
means for modulating the high frequency
waves, an amplifier, a signaling conductor

receiving circuit crmtfunuw a detector asso-
uateq with said conductor, a power limit-
ing device in said receiving circuit to pre-
vent excessive passage of power from the
transmitting cireuit to the detector, said
generator and said detector being normally
operative, and a second Q_enerator connected
to alternately render said first generator and
said detector i noperative at a rate above the
limit of audibility.

26. A duplex signaling system, comprising
a thermionic oscillator for generating high
{requency currents, means For modulauno
the output of said oscillator, an amplmer,
a sienaling conductor, means for i impressing
said ’L-nphﬁed output upon said conductor,
and a receiving circuit including a thermi-
onic detector, a second generator of fre-

ing a gencra‘(
means for aod
waves, 4 1g1a1

C’

quency above the limit of audibility so as-
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sociated with said thermionic oscillator and
detector as to alternately render them in-
operative.

27. A duplex sigualing system, compris-
ing a thermionic oscillator for generating
high frequency currents, means for modn-
lating the output of said oscillator, an am-
plifier, a signaling conductor, means for im-
pressing the amplifier output upon said
conductor, a receiving circuit including »
thermionic detector, and a second generator
of frequency above the limit of audibility
and so connected to the input cireuits of the
first generator and detector as to vender
said. first generator operative and the de-
tector inoperative when its slectromotive
foree is in one direction and to render said
first generator inoperative and the detec-
tor operative when its electromotive force
is in the opposite direction.

28. The method of abtaining an alter-
nating voltage of approximately the charac-
teristic given by the infinite series

N=co

=

N=0

N1 sin (2N + 1)z,

which consists in generating a uniform volt-
age of an approximately sinusoidal charac-
teristic, elirunating all voltages sbove a
certain low maximum and amplifyving the
remainder to the desired value.

29. An alternating voltage generator for
obtaining a voltage curve with a flat-topped
characteristic comprising a generator of uni-
form alternating voltage, and a power limit-
ing device for cutting off all voltages above
a specified maximuom.

30. An alternating voltage generator for
obtaining a voltage curve of a flat-topped
characteristic comprising a generator of uni-
form sinusoidal alternating voltage, a power
limiting device for cutting off all the volt-
ages above a low maximum, and an ampli-
fier for amplifying the remainder to-any de-
sired value.

31. A voltage generator for obtaining an
alternating voltage of approximately the
characteristic given by the infinite series.

N=co

sz)o SN T Sin (2N + 1)z,

comprising a generator of alternating volt-
age of substantially - constant frequency
and - amplitude, a power limiting device
upon the input circuit of which said alter-
nating voltage is impressed, whereby all volt-
ages above a certain low maximum- are
eliminated, and an amplifier associated with.
the output circuit of said power limiting
device.

82. Means for producing a voltage wave
having a flat topped characteristic compris-
ing a uniform source of sinusoidal voltage of
large maximum amplitude as compared with

>4

the maximum amplitude of the desired form,
a power limiting device whose maximum
current capacity corresponds to the maximimm
amplitude of the desired wave, and means
for applying said sinusoidal voltage to said
device. V

33. A system comprising a line, repeat-
ing means associated therewith, and means
for automatically reversing the operative
epeating. direction of said repeating means.
with rvespect to said linre while repeat-
ing without changing its circuital state of
continuity with respect to said line.

34, A modulating system comprising a
source of high frequency waves to be mod-
ulated, a source of low frequency modulat-
ing waves, means to modulate said high fre-
quency waves in accordance with said low
frequency waves, an essential element of said
system being incapable of functioning when
an_electromotive force of a certain ampli-
tude and polarity is applied thereto, a
source of electromotive force, and means for
intermittently applying to said element
from said source an electromotive force of
sufficient amplitude and such polarity as to
prevent the functioning of said element.

35. The method of cyclically rendering in-
operative a plurality of energy transferring
channels while maintaining their state of
continuity unchanged which consists in
cyelically establishing and disestablishing in
the space occupied by a portion of each of
said channels, a field of force of such a na-
ture as to prevent transmission theretlirough.

36. A generator of intermittent oscilla-
tions comprising a space discharge device
having a plurality of electrodes including
an electrostatic control electrode, civeuit ar-
rangements connected thereto appropriate
for the generation of oscillations, and means
separate from said generator for intermit-
tently causing one of said electrodes to as-
sume a potential not permitting the genera-
tion of oscillations while maintaining fixed
the ecircuit connections of said generator,
said generator automatically resuming its
generating function when said electrode re-
sumes its normal potential.

37. A high frequency carrier wave trans-
mission system comprising a space discharge
device having metallic cirenit connections
and a feed-back connection for generating
and supplyving carrier oscillations, a source
of space current for said generator, and a
continually acting means other than said
source for automatically causing said de-
vice to alternately become operative and in-
operative while malntaining the state of
continuity of its metallic circuit connection
unvaried.

38. A signaling system including a de-
tector, meang for supplying waves to be de-
tected to said detector, a separate local source
of waves, and means for automatically sup-
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plying waves from said source to said de-
tector, sald means comprising elements
adapted to furnish waves of such amplitude
and polarity as to intermittently prevent the
efficient detection of the waves to be de-
tected.

39. A two-way transmission system: com-
prising an incoming channel for receiving
incoming waves and an outgoing channel for
transmitting outgoing waves, a source for
supplying to said outgoing channel waves
to be transmitted, a separate local source
of waves, and means for impressing waves
from said source upon each of said channels.

40. A wave transmission system includ-
ing a space discharge device comprising a
source of waves to be transmitted, a second
space discharge device constituting a detec-
tor for received waves, and continually act-
ing means for rendering said devices opera-
tive and inoperative alternately.

41. A radio system comprising a space
discharge amplifier having conductive cir-
cuit connections and a feed back connection
from its output circuit to its input circuit, a
source of space current for said device, and
a continually acting means other than said
source for impressing a periodic electromo-
tive force upon said device to periodically
render it alternately active and inactive to
feed back and veamplify oscillations from
its output circuit to its input circuit while
maintaining unvaried the physical state of
continuity of its conduetive circuit connec-
tions.

1,507,887

12, A receiving system for high frequency.

swaves comprising a vacuum tube detector
having anode, cathode, and electrostatic con-
trol electrodes, suitable circuits connecting
said electrodes, means including a vacuum
tube repeater and a source of waves for vary-
ing the electrical condition of a cireuit con-
necting said electrodes at a given frequency
much lower than the frequency of the waves
to be received, but above the 1sual audible
range and of such infensity as fo vary the
impedance of said circuit at said given fre-
quency, and an output circuit connected to
said detector cireuits including a device for
producing an audible indication having an
audible frequency independent of small
changes in said given frequency.

43. The method of receiving high fre-
quency electromagnetic waves by means in-
cluding a detector which comprises supply-
ing energy derived from the received waves
to said detector, also supplying to said de-
tector periodic electrical energy of frequency
much lower than the frequency of the waves
to be received but above the usual audible
range and of such an intensity as to alter-
nately render said detector efficient and in-
efficient, and deriving from said detector an
audible indication having a frequency inde-
pendent of small changes in the frequency at
which the detector is rendered ineflicient.

In witness whereof, I hereunto subsecribe
my name this 31st day of May, A. D. 1916.

JOHN MILLS
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