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2. 5 

Be it known that i, JOHN MILLS, a citizen 
of the Jinited States, residing at Wyori iug, 
if the county of Essex and State of New 
Jel'Sey, have invented certain new and usefull 
in provements in Wave-Transferring Cir 
cuits fol' Cotill unication Systems, of which 
the folio wing is a fuit, clear, concise, and 
exact description. 
This invention Felates to 'adio transienis 

SiO2), and one object is to Secuie simultaneous 
sending aid 'eceiving without the use of 
several antennae. This object is accorpiished 
by ein ploying novel ineans for alternately 
collecting the transmitting and receiving 
apparatus to tie antenna in rapid succession. 

(Otheir objects will appear from a perusal 
of the following detailed description, after 
which the features believed to be allowable 
are set fortli in the claims. 
This invention will be more clearly under. 

stood by reference to the drawing which 
represents : combined transmitting and re 
ceiving systein constructed in accordance 
with this is vention. Referring to the fig 
3 Fe, represents a generator of high fre 
(; i.e., lc’s Osciliations which inay be of any 
suitable fol'in, but is here shown as an oscil 
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iting vacat in tube. The oscillation gener 
ator coin prises a closed tuned circuit having 
all inductance and a capacity serially in 
cluded therein with the anode and grid of 
a thernionic repeater connected respective 
ly to the tel'ninals of the capacity and the 
filalientary cathode connected to an inter 
mediate point in the inductance. A space 
current battery is included in the anode 
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cathode circuit. 2 represents 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 

3 whose function is to increase the effec 
tive airplitude of the telephone currents pro 
duced in circuit 2. The telephone currents 
ii) circuit 2 cause a corresponding voltage ti, 
be impressed across the grid and cathode of 
the amplifying tube, thereby causing col're 
sponding but greater changes of current and 
voltage in 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 circuit of amplifies' 3 is connected to 
the input circuit of a thermionic modu 

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 circuit 2. The output circuit of the high 
frequency generator 1 is also connected to 
the input circuit of the nodulator 4 with 
the result that in the output circuit of the 
latter there appear high frequency oscilia 
tions, modulated in amplitude in accordance 
with the signal Waves due to the microphone. 
These nodulated waves in the output circuit 
4. are next impressed upon the input circuit 
of an alaplifier or a system of amplifiers 5 
whose common output circuit contains a coil 
6 which is coupled to a coil in the antenna . 
The method of periodically connecting 

this transmitting system to the antenna con 
sists in rendering the generator 1 alternately 
efficient and inefficient by means of the ap 
paratus next to be described. It is well 
known that if the potential of the grid of 
a therlnionic amplifier is made to take a 
sufficiently high negative value with respect 
to the potential of the cathode, the space cur 
l'ent in the ainplifier may be reduced to zero, 
and coinsequently its efficiency is also reduced 
to Zero. When the space current of the tube 
of the generator 1 is thus diminished, it will 
be clea!' that no signals will be transmitted 
from the antenna. 7. The method of secur 
ing this periodic reduction in space currents 
will now be explained. 8 represents a gen 
ei'ator of Oscillations of frequency above the 
limit of audibility, but considerably below 
the frequency generated by the generator 1. 
It is proposed to impress these oscillations 
upon the input circuit of the generator 1 
and thereby cause the resultant voltage over 
that circuit to vary periodically by an 
ainount sufficient to reduce the space current 
to Zero during half the time of operation. 
The generator 8 would normally furnish 
from its output circuit all approximately 
sinusoidal current whereas it is desirable 
that the electromotive force impressed upon 
the input circuit of generator 1 shali bean 
approximately flat topped wave. A flat 
topped wave is 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 
tial 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 prefe 
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 a--A sin 3a--A5 sin 5a, etc.) 

where A is a numeric and a represents an 
angle. This equation may be represented 
by the infinite series 

is a sin (2N + 2, 2N-1 Sl (2N -- 1) ac, 
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 circuit. Such a resistance limits the 
output current to a definite maximum value 
even though high potentials are 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 of the order of 10,000 to 
30,000 cycles per second. Transformer 20 
Serves 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 topped 
wave then appeal's in the output circuit of 
the power limiting device 9, and is impressed 
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 receiving 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 13 may be similar to the device 9 as 
shown, or may be any suitable device for 
limiting the titansferred energy. The out 
put circuit is coupled through another tuned 
circuit 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 
circuit of the generator 1. By this means 
the generator 1 will be in efficient 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 
till 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 through 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 nic; 'Ophone cir 
cuit 2 are amplified by the amplifier 3 and 
combined with waves from the generator 1 to 
produce mod!: lated high frequency waves at 
the nodulator 4. The modulated high fre 
quency waves are transferred through the 
amplifier 5 to the antenna circuit. When the 
generator 1 is inoperative, no high fre 
quency waves will be produced and the path 
4, 5 will have a negligible transferring effi 
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ciency for the speech waves 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 tie 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. It 
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 other transmission 
Systeins. 
What is claimed is: 
J. 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 
functioning as an essential element for main 
taining efficient transmission therethrough, 
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 channel 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 al 
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 alternately 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 desired to be trans 
mitted. 

4. The nethod of operating a thermionic 
repeater which comprises continuously Sup 
plying waves to be repeated to the input 
circuit 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 
cuit thereof, supplying to said repeater at 
times a substantially constant voltage of a 
value adapted to maintain said repeater in 

Sk 

at efficient repeating condition, and rapidly 
and cyclically changing said voltage to a 
Subst:ntially coistant voltage of a value 
adapted to 'ender said repeater of negligible 
efficiency. 

G. in Coilination, a plurality of thermi 
onic 'epeater's a li "ality of sources of 
Waves to Je lepeated y said repeaters re 
Spectively, a neas for 'endering said re 
peater's substantially in operative in cyclic 
order. 

... A space discharge 'epeater, a source of 
Waves io be 'epeated the 'elby, and means for 
alternately rendering said repeater opei'ative 
and ii) operative for periods large as com 
pared with the fi}:{ required for the trans 
mission of Seiei'ai successive waves to be re 
peated. 

8. A SV 
an input and 
proximately fiat topped voltage waves, all 
tonati: meals for applying said waves to 
said circuit, a separate source of waves to 

Stei: ), coil prising a repeater having 
lan Gutput circuit, a source of ap 

be 'epeated, and Yeals for deriving re 
peated waves fi'oil said output circuit. 

9. '... theriionic repeater including a plu 
rality of electrodes, a circuit connected be 
tween two of said electrodes, a source of ap 
proximately fiat topped voltage waves, and 
autoignatically operative means for applying 
to said circuit, waves it oil said source of a 
sufficiently large Vatile to render said re 
peatel' inoperative. 

10. A space discharge device including a 
cathode and an impedance controlling ele 
ment, and automatic leans connected to said 
element, fol’ \'aying the potential thereof 
with respect to the potential of said cathode 
in accordainee with a curve 'epresented by 
the infinite series 

Nasco A. is sin (2N-1)2 3, 2NE1 sin (2N + 1)a, 
and of a maxiintain value sufficient to ren 
de' said 'epeater inoperative. 

it. ... two-way signal ti'ansmission system 
comprising separate channels for transmit 
fing is each direction, a space discharge de 
vice coope: ting with each channel and func 
tioning as an essential element for maintain 
ing efficient transj}lission therethrough, 
means Sol' establishing a controlling field of 
force for each of Saiki devices, an electrical 
a 'rangements. Whereby at a given instant of 
tile one only of said fields of force is given 
such a value as to 'elde: the corresponding 
device inoperative. - 

12. A system including a space discharge 
repeater, a circuit for Supplying waves to be 
repeated to said repeate]', a source of waves 
of ultra-audible frequency and flat topped 
wave form and illeans for applying said 
ultra-audible waves to said repeater. 

13. In a, duplex transianission system, 
lineals for accomplishing transmission in one 
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{}i ret:tion including a space discharge device, 
is jeans foi' acco inpiishing transnission in the 
opposite (iirection including a second space 
discharge device, and means acting inde 
bendently of the opcration of the aforesaid 
Eleans foil causing i devices to be opera 
tive aid in Operative atternately. 

!, "... signaliig system comprising a plu 
paths: for the transmission of elec 
es. space discharge device con 

1 *::ch of said paths, a source of en 
for said devices, and a 

S.): 'ce of electical waves for cy 
8 said devices it operative. 

of 

i ::iii. ; : 
! :exins f(); staply 

'ali:iiii tied the 'ethrough... a space dis 
( 'ei eater {:(; nected to each path, it 

f voltage (if a saile sufficient to "en 
!'eyeatei's inoperative, and means 

py! I sai{i \'oltage i? said 'epeaters 
cyclical ty. 

6. A coin unication system coin prising a 
ill raility of circuits having a fixed state of 
(oilfinuity aid including complete apparatus 
for the transmission of electrical Waves 
thirough each of said circuits, and an inde 
pendent source of current for alternately 
reindering said paths opaqie to the waves to 
he transmitted. 

it. A Syster compilising a plurality of 
normally asyl metrically transmitting wave 
transferring circuits having a fixed state of 
continuity, and means for cyclically causing 
said circuits to have egligible Wave trans 
ferring powei' in the normally transmitting 
(irection thereof. 

18. Mieans for use in transmission systems 
comprising a source of waves to be repeated, 
a Space discharge repeater for repeating Said 
waves, said repeater including an impedance 
controlling eiennent, and means for alter 
nately applying to said element and remov 
ing therefrom a negative potential of a 
higher order than the ainplitude of the 
waves to be lepeated at a frequency differing 
from the frequency of said source by a dif 
ference greater than an audible frequency. 

19. In a signaling system, means for sig 
nating in One direction and means for sig 
ilaling in another direction, each of said 
means including a vacuum tube, and means 
fol' acting upon said tubes alternately to 
render then substantially inoperative at a 
frequency which does not interfere with the 
transmission of signals. 

20. In a signaling system, means includ 
ing a vacuum tube for signaling in one di 
I'ection and means including a second vac 
uum tube for signaling in another direction, 
a generator of alternating current, and 
means for supplying current of opposite 
phases from said generator to said tubes. 

21. A duplex signaling system, compris 
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ing a generator of iligh frequency waves, 
neans for is odulating the high frequency 
waves, a signaling conductor, a receiving 
circuit containing a detector associated with 
said conductoi", and a second generator for 
cClintrolling the efficiency of said first gener 
ator and said detector. 

22. A duplex signaling system, compris 
ing a generator of high frequency waves, 
meals for modulating the high frequency 
waves, a signaiing conductor, a receiving cir 
cuit containing a detector' associated with 
Said conductor, said generator and said de 
tector being normaily operative, and a sec 
Cld generator connected to alternately ren 
(ter said first generator and said detector 
in operative. 

22. A duplex, signaling system, compris 
ing a genei'ator of high frequency waves, 
heals for modulating the high frequency 
waves, a signaling conductor, a receiving cir 
("tit containing a detector associated with 
said conductor, said generator and said de 
tecto!" being hol'Ilaiy operative, and a sec 
ond generator connected to alternately ren 
der said first generator and said detector 
inoperative at a rate above the limit of 
audibility. 

24. A duplex signaling system, comprising 
a generator of high frequency oscillations, 
means for modulating the high frequency 
waves, an an plifie!', a signaling conductor, 
a receiving circuit containing a detector as 
Sociated with said conductor and a second 
generator of frequency above the limit of 
auldibility, so connected as to render said 
first generator operative and the detector in 
operative when its electromotive force is in 
One direction and to render said first gener 
at Ol' inoperative and the detector operative 
when its electromotive force is in the oppo 
site direction. 

25. A duplex signaling system, compris. 
ing a generator of high frequency waves. 
means for modulating the high frequency 
Waves, an amplifier, a signaling conductor, a 
receiving circuit containing a detector asso 
ciated with Said conductor, a power limit 
ing device in said receiving circuit to pre 
vent excessive passage of power from the 
transmitting circuit to the detector, said 
generato!’ and said detector being normally 
Operative, and a second generator connected 
to alternately render said first generator and 
said detector inoperative at a rate above the 
limit of audibility. 

26. A duplex signaling System, comprising 
a thermionic oscillator for generating high 
frequency currents, means for modulating 
the Output of said oscillator, an amplifier, 
a signaling conductor, means for impressing 
Said ainplified output upon said conductor, 
and a receiving circuit including a thermi 
onic detector, a second generator of fre 
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 signaiing system, compris 
ing : thermionic oscillai or for generating 
high frequency currents, means for modul 
lating the Output of said oscillator, an ann 
plifier, a signaling conductor, means for in 
pressing the amplifier output upon said 
conductor, a receiving circuit including a 
theimionic detector, and a second generator 
of frequency above the limit of audibility 
and so connected to the input circuits of the 
first generator and detector as to render 
said first generator operative and the de 
tector inoperative when its electromotive 
force is in one direction and to render said 
first generato' 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=oo A N 

& 2NE1 sin (2N + 1), 
which consists in generating a uniforn) volt 
age of an approximately sinusoidal charac 
teristic, eliminating all voltages above a 
certain low maximum and amplifying the 
remainder to the desired valle. 

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 maximum. 

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 of 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, 

S5 A sin (2N 2, 2N, 1 sin (2 -- J) ac, 
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. 

32. 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 

s 

the maximum amplitude of the desired form, 
a power limiting device whose maximum 
Clarent capacity corresponds to the maximum 
& inplitude of the desired wave, and means 
for applying Said sinusoidal voltage to said 
device. W 

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

34. A nodulating systein comprising a 
SQilice of high frequency waves to be mod 
lated, a Source of low frequency modulat 

ing Waves, means to modulate said high fre 
Glency 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 
cyclically 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 therethrough. 

36. A generator of intermittent oscilla 
tions comprising a space discharge device 
having a plurality of electrodes including 
an electrostatic control electrode, circuit ar 
angements connected theleto appropriate 
for the generation of oscillations, and means 
separate from said generator for intermit 
tently causing one of said electrodes to as 
sline a potential not permitting the genera 
tion of oscillations while maintaining fixed 
the circuit connections of said generator, 
Said generator automatically restiming 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 circuit connections 
and a feed-back connection for generating 
and supplying 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 maintaining the state of 
continuity of its metallic circuit connection 
unvaried. 

38. A signaling system including a de 
tector, means 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, said 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 fol' 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 reamplify oscillations from 
its output circuit to its input circuit, while 
maintaining unvaried the physical state of 
continuity of its conductive circuit connec 
tions. 
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42. A receiying system for high frequency. 
SSaves 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 circuit con 
necting said electrodes at a given frequency 
much lower than the frequency of the waves 
to be received, but above the lisual audible 
range and of such intensity as to vary the 
impedance of said circuit at said given fre 
quency, and an output circuit connected to 
said detector circuits 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 inefficient. 

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

JOHN MILLS. 
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