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To all thom, it may concern, 
Be it known that I, WALTER. R. G. BAKER, 

a citizen of the United States, residing at 
Schenectady, in the county of Schenectady, 

5 State of New York, have invented certain 
new and useful Improvements in High-Fre 
quency Signaling Systems, of which the fol 
lowing is a specification. 
My present invention relates to high fre 

l0 quency signaling systems and more particu 
larly to apparatus of the vacuum tube type 
for producing and modulating high fre 
quency oscillations for use in a signaling 
system. 

l5 One of the objects of my invention is to 
provide a system which will be capable of 
generating high frequency oscillations and 
supply them to a transmitting circuit. 
These may be in the form of speech modul 

20 lated high frequency waves such as are used 
for radio telephony, interrupted continuous 
waves for radio telegraphy or continuous 
waves for radio telegraphy. Still another 
object of my invention is to provide a sys 

25 tem in which vacuum tubes are employed 
for modulating the high frequency waves 
produced by other vacuum tubes and in 
which, when the transmitting equipment is 
employed for radio telegraphy, modulator 

30 tubes may be utilized for producing high 
frequency oscillations. 
The novel features which I believe to be 

characteristic of my invention are set forth 
with particularity in the appended claims, 

35 my invention itself, however, both as to its 
organization and method of operation, to 
gether with further objects and advantages 
thereof will best be understood by reference 
to the following description taken in con 

40 nection with the accompanying drawing in 
which I have shown diagrammatically a cir 
cuit arrangement whereby my invention 
may be carried into effect. 
As indicated in the drawing the trans 

45 mitting equipment comprises a series of 
vacuum tubes 1, 2, 3, 4, 5 of the three-elec 
trode or pliotron type. In the description of 
the various tubes, 1 and 2 are designated as 
Oscillators, tubes 3 and 4 as modulators, and 

50 tube 5 as an amplifier. The filaments in all 
of these tubes are connected to common bus 
bars 6 and 7 which are supplied with cur 
rent for lighting the filaments from the 
secondary 8 of an alternating current trans 

65 former 9, the middle point 10 of the sece 

Serial No. 501,334. 

ondary 8 being grounded. The grid elec 
trodes of the oscillator tubes 1 and 2 are 
connected in parallel and the plate elec 
trodes of these tubes are likewise connected 
in parallel. The input circuit of the os- 60 
cillator tubes 1 and 2 comprises a series 
condenser 11 shunted by the leak resistance 
12 and a second series condenser 13 which 
is shunted by a rotatable make and break 
device 14 in series with a key 15. The 65 
input circuit is completed to the filament 
by means of the ground connection at 16 
and ground connection 17 to the middle 
point of the transformer secondary 8. The 
output circuits of the oscillators 1 and 2 
are supplied with energy from a direct cur 
rent source 18 through an audio frequency 
reactance 19 and an inductance 20, the 
negative terminal of the direct current 
Source 18 being grounded at 21. The trans 
mitting circuit to which high frequency os 
cillations are to be supplied in the case ill 
lustrated includes an antenna, 22 which may 
be connected by means of the switch 23 
either to the transmitting equipment by 80 
making contact at 24, or to suitable receiv 
ing equipment by contact 25. In order to 
provide for the generation of and supply 
to the antenna of different wave lengths 
the connection between antenna and earth 85 
may be made through the Variable connec 
tor 26 to a series of condensers 27, loading 
inductances 28, the variable loading induc 
tance 29 and inductance 30, which is coupled 
to the plate inductance 20. The necessary 90 
coupling between the output circuits of the 
tubes 1 and 2 and their input circuits to per 
mit these tubes to act as generators of high 
frequency oscillations is obtained by means 
of the capacity 31. The amount of cou- 95 
pling capacity which is most suitable for 
the different wave lengths to be generated 
may be obtained by means of the variable 
connector 32. 

In case the system is to be employed for 
radio telephony the output circuits of the 
modulators 3 and 4 are supplied with energy 
from the source 18 through the iron core 
impedance 19 and the radio frequency choke 
33. The sound waves which are to be 
transmitted for reproduction at the re 
ceiving station are impressed upon the 
telephone transmitter 34 which is in a 
local circuit with the battery 35 and pri 
mary 36 of a telephone transformer. The 110 
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secondary 37 of the telephone transformer 
is included in the input circuit of the ampli 
fier 5. The output circuit of the amplifier 
5 is supplied with current from a direct cur 
rent source 38 through an impedance 39. 
The potential variations produced in the 
output circuit of the amplifier 5 across the 
impedance 39 by the potential variations of 
the amplifier grid are impressed through a 
coupling condenser 40, upon the input cir 
cuits of the modulators 3 and 4. The varia 
tions of the grid potential of the modulators 
produce corresponding variations in the out 
put circuit and in the potential variations, 
across the impedance 19. As a result the 
potential applied to the anodes of the oscil 
lator tubes 1 and 2 varies in accordance with 
the variations in the current in the output 

: circuit of the modulator tubes 3 and 4 and 
the amplitude of the high frequency oscilla 
tions generated varies in direct accordance: 
with the variations in the current supplied 
by the microphone 34. When the transmit 
ting equipment is used for radio telephony 
the condenser 13 is short circuited by a 
closure of the key 15 and by contact made 
through the rotatable make and break device 
14 or in any other desired manner. 
When it is desired to employ the ap 

paratus for radio telegraphy the grids and 
anodes of the modulators 3 and 4 may be 
connected by means of switches 41 and 42, 
respectively in parallel with the grids and 
anodes of oscillators 1 and 2. The number 
of Oscillating tubes being thus doubled the 
output of the equipment will also be sub 

40 

stantially doubled. If desired, the amplifier 
5 may also by suitable connection be em 
ployed in parallel with the other tubes as 
an oscillator. In order that the apparatus 
may be operated most efficiently for the pro 

45 

duction of high frequency oscillations it is 
desirable that the average potential of the 
grids should be negative. The grid con 
denser it with the grid leak resistance 12 
furnishes the necessary adjustment for this 

50 

purpose and when the modulator tubes are 
switched over in parallel with the oscillator 
tubes the value of this resistance may be ad 
justed by means of the variable connection 
43 to give the desired negative potential for 
the operation of the four tubes in parallel. 
When it is desired to transmit inter 

rupted continuous waves the device 14 is ro 
55 

60 

tated. When the shunt circuit around con 
denser, 13 is broken by means of this device 
the grids of the tubes immediately assume 
such a high negative charge that the pro 
duction of high frequency oscillations is 
stopped. When this shunt circuit is made 
the negative charge on the grids is permitted 
to leak off through the leak resistance 12 and 
the connection around condenser 13 and the 

65 
production of oscillations immediately starts. 
If the device 14 is rotated at such a speed as 

plying power to the set. 
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to produce interruptions at an audible fre 
quency, then when the key 15 is closed high 
frequency oscillations will be supplied to the 
intenna in groups succeeding each other at 
an audible frequency. When it is desired to 
transmit continuous waves the make and 
break device 14 is short circuited or stopped 
at Such a point that, contact is made there 
through and the generation of high fre 
quency waves is interrupted only when the 
key 15 is opened. A choke coil 44 should 
be inserted in Series with the make and 
break device 14 and the key 15 to prevent 
high frequency current from flowing in this 
shunt circuit. In case the radio choke coil 
44 in Series with the interrupter is insuffi 
cient to prevent radio currents from taking 
this path, a trap circuit may be formed by 
shunting this choke with a condenser 6i. 
This trap circuit is tuned to the transmitting 
Wave length. 

In the operation of the vacuum tubes 3, 
4 and 5, it will usually be desirable to main 
tain the grids normally at a negative poten 
tlal with respect to the filaments, and for 
this purpose a biasing battery. 45 may be 
employed. This same battery may also, if 
desired, be employed for furnishing a bias 
ing potential for the grids of the oscillators 
by means of the connection 59. 
that the equipment may be operated to sup 
ply different amounts of power, the resist 
ance 46 may be inserted in series with the 
field 47 of the generator 18 by means of a 
SWitch 4S. The amount of this resistance in 
the field of the generator may be varied as 
desired, and the amount of power supplied 
from the generator to the oscillating system 
thereby varied at will. Whenever the voltage 
Supplied to the output circuits of the tubes is 
varied it is also usually desirable that the 
potential of the grids of the tubes should 
be varied. This may be accomplished by 
means of the switch 49, which may be op 
erated simultaneously with the switch 48. 

It is frequently desirable that the trans 
mitting set should he so arranged that it 
cannot be operated by inexperienced per 
Sons, or without permission of their superior 
officers. One convenient way of preventing 
such operation at the full power output 
of the equipment is indicated in the draw. 
ing in connection with the means for sup 

A switch 50 is 
inserted in the lead 51 by means of which all 
of the resistance 46 is cut out and this switch 
is held open by means of a lock 52. Until 
the lock 52 is removed it will therefore be 
impossible to operate the equipment at its 
full output. - 
. When the equipment is to be employed for 
telephone operation it is desirable in order 
to lengthen the life of the tubes as well as 
for other reasons, that the generation of 
the oscillations should not take place dur 

In order 
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ing the reception period. This may be ac 
complished by interrupting the supply of 
current to the plate circuits. If, however, 
the current supplied to the filaments is com pletely interrupted during the reception 
period a short time interval Will elapse be 
tween the time when the current is supplied 
to the filaments and plate circuits and the 
time when oscillations start. To prevent 
this delay, or at least reduce it to a mini 
mum, means may be provided whereby the 
current supplied to the filaments of the vac 
uum tubes will be reduced to such a value 
during the reception period that the life of 
the tubes will be greatly increased over their 
life in case the filament current should be 
kept at its normal value during reception. 
If the filament current is restored to its 
normal value as soon as it is desired to 
transmit, oscillations will start Sooner than 
they would if the filament current and the 
consequent heating of the filament had to 
be built up from a low value or temperature. 
I have indicated in the drawing one Way 
in which this result may be accomplished. 
In series with the primary of transformer 

30 

9 there is inserted a resistance 53. An aux 
iliary contact 54 is provided which closes 
a circuit through conductors 55 and 56 
when the Switch 23 is operated to connect 
the antenna to the transmitting position. 
The conductors 55 and 56 form a short cir 

35 

cuit around the resistance 53 so that this 
resistance is automatically short circuited 
when the transmitting equipment is connect 
ed to the antenna. When the switch 23 is 
thrown over to the receiving position con 

40 

tact 54 is broken and resistance 53 is effec 
tive in reducing the amount of current sup 
plied to the filaments. 
When the tubes 3 and 4 are being oper 

ated as modulators and the tube 5 as ampli 

5 5 

operation of one switch handle. 
60 

fier, high frequency potentials are some 
times induced upon the grids of these tubes 
of such a value as to seriously interfere with 
their normal operation. This difficulty may 
be overcome by use of condensers 57 which 
short circuit the high frequency currents 
which may be impressed upon the input cir 
cuits of these tubes and are connected in 
the circuit only when the tubes are employed 
as modulators and amplifiers. 
The apparatus should preferably be so 

arranged and switching means provided 
whereby all of the adjustments of the sys 
tem for changing the wave length trans 
mitted may be made simultaneously by the 

These ad 
iustments in the system illustrated com 
prise the variable connections 26 and 32 and 
also preferably the variable connection 60 
to the plate inductance 20. 
As an alternative method of operation to 

transmit interrupted continuous waves with 
the apparatus illustrated and described, the 

B 

telephone transmitter 34 may be replaced by 
an interrupter such as the interrupter 14 or 
a buzzer. If, for example, a buzzer is em 
ployed in place of the microphone 34 then 
when the tubes 1 and 2 are employed as os 
cillators, tubes 3 and 4 will act as modula 
tors and tube 5 as an amplifier. The keying 
of the system may then be accomplished 
either by means of the key 15 in shunt to 
primary circuit of the microphone trans 
former. The first method of operation 
mentioned is preferable, but has one disad 
vantage in that plate current will be taken 
by tubes 3, 4 and 5 whether the key 15 is 
up or down. In order to prevent this the 
positive terminal of the biasing battery 45 
instead of being connected directly to 
ground, as shown, may be connected through 
the connection 59 to ground through the 
condenser 13, the negative terminal of the 
battery 45 being connected to the grids of 
tubes 3, 4 and 5 by means of the switch 
49. These grids will then when the key 15 
is open, receive a negative potential Sufi 
cient to cut off the plate current. 
What I claim as new and desire to Secure 

by Letters Patent of the United States, is:- 
1. The combination in a high frequency 

transmitting apparatus of a plurality of 
vacuum tubes adapted to act as Oscillation 
generators and modulators when the appa 
ratus is used for high frequency telephone 
transmission and means whereby the modul 
lator tubes may also be employed to serve 
as oscillation generators when the apparatus 
is employed for telegraph transmission. 

2. The combination in a high frequency transmitting apparatus of a plurality of 
vacuum tubes having input and output cir 
cuits, the input circuit of at least one of said tubes being coupled by capacity to the 
output circuit whereby, the tube will act as 
a high frequency oscillation generator, means 
whereby one of said tubes will act as a 
modulator of the high frequency oscillations 
generated and means whereby the modulator 
tube circuits may also be connected in par 
allel with the oscillator tube circuits and 
thereby assist in the generation of high fre 
quency oscillations. 

3. The combination in a high frequency 
transmitting system of a transmitting cir 
cuit, a plurality of vacuum tubes adapted 
to act as oscillation generator's and modu 
lators for generating and modulating high 
frequency oscillations and supplying them 
to the transmitting circuit and means where 
by the modulator tubes may be connected in 
parallel with the oscillator tubes to assist 
in the generation of high frequency oscilla 
tions. - 

4. The combination in a high frequency 
transmitting system of a transmitting. cir- so 
cuit, a plurality of vacuum tubes having in 
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put and output circuits, the output circuit of 
at least one of said tubes being coupled to the 
transmitting circuit and the input circuit of 
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said tube being coupled by capacity to the 
transmitting circuit whereby the tube will 
act as a generator of high frequency oscilla 
tions which will be supplied to the transmit 
ting circuit, means whereby another of said 
tubes will act as a modulator of the high 
frequency oscillations supplied to the trans 
mitting circuit, and means whereby the 
modulator tube circuits may also be con 
nected in parallel with the oscillator tube 
circuits and thereby assist in the generation 

frequency oscillations. 
he combination in a high frequency 

transmitting system of a transmitting cir 
cuit, means for varying the tuning of said 
transmitting circuit, a plurality of vacuum 
tubes having input and output circuits, the 
output circuit of at least one of said tubes 
being coupled to the transmitting circuit 
and the input circuit of said tube being 
coupled by capacity to the transmitting cir 
cuit whereby the tube will act as a generator 
of high frequency oscillations which will be 
supplied to the transmitting circuit, means 
for varying the amount of capacity cou 
pling, means whereby another of said tubes 
will act as a modulator of the high fre 
quency oscillations supplied to the transmit 
ting circuit and means whereby the modu 
lator tube circuits may also be connected in 

35 

40 

parallel with the oscillator tube circuits and 
thereby assist in the generation of high fre 
'Tiny oscillations. - 

6. The combination in a high frequency 
transmitting system of a transmitting cir 
cuit, a plurality of vacuum tubes adapted to 
act as oscillation generators and modulators 
for generating and modulating high fre 

55 

60 

65 

quency oscillations and supplying them to 
the transmitting circuit, means whereby the 
modulator tubes may be connected in par 
allel with the oscillator tubes to assist in the 
generation of high frequency oscillations, 
and means for interrupting in a regular and 
predetermined manner the generation of os 
cillations when all of the tubes are employed 
as oscillators. 

7. The combination in a high frequency 
transmitting system of a transmitting cir 
cuit, a plurality of vacuum tubes having in 
put and output circuits, the output circuit 
of at least one of said tubes being coupled to 
the transmitting circuit and the input cir 
cuit of said tube being coupled by capacity 
to the transmitting circuit whereby the tube 
will act as a generator of high frequency os 
cillations which will be supplied to the 
transmitting circuit, means whereby another 
of said tubes will act as a modulator of the 
high frequency. Oscillations supplied to the 
transmitting circuit, means whereby the 
modulator tube circuits may also be con 
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nected in parallel with the oscillator tube 
circuits and thereby assist in the generation 
of high frequency oscillations, and means 
for interrupting in a regular and predeter 
mined manner the generation of oscillations 
when all of the tubes are employed as oscil 
lators. - 

8. The combination in a high frequency 
transmitting system of a transmitting cir 
cuit, means for varying the tuning of said 
transmitting circuit, a plurality of vacuum 
tubes haying input and output circuits, the 
output circuit of at least one of said tubes 
being coupled to the transmitting circuit and 
the input circuit of said tube being coupled 
by capacity to the transmitting circuit 
whereby the tube will act as a generator of 
high frequency oscillations which will be 
supplied to the transmitting circuit, means 
for varying the amount of capacity cou 
pling, means whereby another of said tubes 
will act as a modulator of the high frequency 
Oscillations Supplied to the transmitting cir 
cuit, means whereby the modulator tube cir 
cuits may also be connected in parallel with 
the oscillator tube circuits and thereby as 
sist in the generation of high frequency os 
cillations, and means for interrupting in a 
regular and predetermined manner the gen 
eration of Oscillations when all of the tubes 
are employed as oscillators. 

9. The combination in a high frequency 
transmitting apparatus of a plurality of 
vacuum tubes having input and output cir 
cuits, the input circuit of at least one of 
said tubes being coupled by capacity to the 
output circuit whereby the tube will act as a 
high frequency Oscillation generator, means 
whereby one of said tubes will act as a mod 
ulator of the high frequency oscillations gen 
erated, means whereby the modulator tube 
circuits may also be connected in parallel 
with the oscillator tube circuits and thereby 
assist in the generation of high frequency 
Oscillations and means for maintaining nor 
mally a negative potential upon the input 
electrode of the oscillator tube, said means 
being adapted to be adjusted to maintain 
Substantially the same negative potential 
upon the input electrodes of all of the tubes 
when the modulator tube is employed to 
generate oscillations. 

10. The combination in a high frequency 
transmitting system of a transmitting cir 
cuit, a plurality of vacuum tubes having in 
put and output circuits, the output circuit of 
at least one of said tubes being coupled to 
the transmitting circuit and the input cir 
cuit of said tube being coupled by capacity 
to the transmitting circuit whereby the tube 
will act as a generator of high frequency os 
cillations which will be supplied to the 
transmitting circuit, means whereby another 
of said tubes will act as a modulator of the 
high frequency oscillations supplied to the 
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transmitting circuit, means whereby the 
modulator tube circuits may also be connect 
ed in parallel with the oscillator tube cir 
cuits and thereby assist in the generation of 
high frequency oscillations, and means for 
maintaining normally a negative potential 
upon the input electrode of the oscillator 
tube said means being adapted to be adjust 
ed to maintain substantially the same nega 
tive potential upon the input electrodes of 
all of the tubes when the modulator tube is 
employed to generate oscillations. 

11. The combination in a high frequency 
transmitting apparatus of a plurality of 
vacuum tubes having input and output cir 
cuits the input circuit of at least one tube 
being coupled to the output circuit so that 
the tube will act as a high frequency oscil 
lation generator, means whereby at least one 
of said tubes will act as a modulator of the 
high frequency oscillations generated means 
whereby the input circuit of the modulator 
tube may be connected in parallel with the 
input circuit of the oscillator tube, and 
means common to the input circuits of all of 
the tubes for interrupting in a regular and 
predetermined manner the generation of os 
cillations. 

12. The combination in a high frequency 
transmitting apparatus of a plurality of 
vacuum tubes having input and output cir 
cuits, the input circuit of at least one tube 
being coupled to the output circuit so that 
the tube will act as a high frequency oscilla 
tion generator, means whereby at least one 
of said tubes will act as a modulator of the 
high frequency oscillations generated, means 
whereby the input circuit of the modulator 
tube may be connected in parallel with the 
input circuit of the oscillator tube and a ro 
tatable make and break device connected in 
common to the input circuits of all of the 
tubes for interrupting in a regular and pre 
determined manner the generation of oscil 
lations. 

13. The combination in a high frequency 
transmitting apparatus of a plurality of 
vacuum tubes having input and output cir 
cuits, the input circuit of at least one tube 
being coupled to the output circuit so that 
the tube will act as a high frequency oscilla 
tion generator, means whereby at least one of 
said tubes will act as a modulator of the high 
frequency oscillations generated, means 
whereby the input circuit of the modulator 
tube may be connected in parallel with the 
input circuit of the oscillator tube, a rota 
table make and break device connected in 
common to the input circuits of all of the 
tubes, said make and break device being ar 
ranged in such a way that when the connec 
tion is broken thereby a sufficiently high neg 
ative potential will automatically be im 
pressed upon the input electrodes to inter 
rupt the generation of oscillations. 

14. The combination in a high frequency 
transmitting apparatus of a plurality of 
vacuum tubes having input and output cir 
cuits the input circuit of at least one tube 
being coupled to the output circuit so that. 
the tube will act as a high frequency oscilla 
tion generator, means whereby at least one 

5. 

of said tubes will act as a modulator of the 
high frequency Oscillations generated, means 
whereby the input circuit of the modulator 
tube may be connected in parallel with the , ; 
input circuit of the oscillator tube, a com 
mon portion of all of the input circuits thus 
connected including a series condenser shunt 
ed by a resistance which may be varied in 
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accordance with variations in the number of 
tubes whose input circuits are connected in 
parallel and a second series condensel which 
is shunted by a rotatable make and break 
device with a key in Series therewith. 

15. The combination in a high frequency 
transmitting system of a transmitting cir 
cuit, a plurality of vacuum tubes having in 
put and output circuits, the output circuit 
of at least one of said tubes being coupled 
to the transmitting circuit and the input cir 
cuit of said tube being coupled by capacity 
to the transmitting circuit whereby the tube 
will act as a generator of high frequency OS 
cillations which will be supplied to the trans 
mitting circuit, means whereby another of 
said tubes will act as a modulator of the high 
frequency oscillations supplied to the trans 
mitting circuit, means whereby the modula 
tor tube circuits may also be connected in 
parallel with the oscillator tube circuits and 
thereby assist in the generation of high fre 
quency oscillations, a common portion of all 
of the input circuits thus connected includ 
ing a series condenser shunted by a resist 
ance which may be. varied in accordance 
with variations in the number of tubes whose 
input circuits are connected in parallel, and 
a second series condenser which is shunted 
by a rotatable make and break device with a 
key in series therewith. 

16. The combination in a radio signaling 
system of an antenna, a vacuum tube trans 
mitting set adapted to supply high frequency 
oscillations to said antenna, Switching means 
for connecting said antenna to said trans 
mitting set or to a receiving set, and means 
adapted to be operated simultaneously with 
said switching means for reducing the 
amount of current supplied to the filaments 
of the vacuum tubes of the transmitting Set 
when the antenna, is connected to the receiv 
ing set. 

17. The combination in a radio signaling 
system of an antenna, a vacuum tube trans mitting set adapted to Supply high frequency 
oscillations to said antenna, a source of cur 
rent for supplying heating current to the 
filaments of the vacuum tubes of said trans 
mitting set, a resistance in series with Said 
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source, switching means for connecting said 
antenna to said transmitting set or to a re 
ceiving set, and means adapted to be oper 
ated simultaneously with said switching 
means for short circuiting said resistance 
when the antenna is connected to the trans 
mitting set and removing the short circuit 
from said resistance when the antenna is 
connected to the receiving set. 

18. The combination in a high frequency 
signaling system of a vacuum tube generat 
ing equipment for supplying high frequency 
oscillations, a source of energy for said equip 
ment, means for varying the amount of energy 

15 supplied by said source to said equipment, 
and means associated with the means for 
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varying the energy supply for preventing 
the unauthorized use of the generating 
equipment. 

19. The combination in a high frequency, 
signaling system, of a vacuum tube generat 
ing equipment for supplying high frequency 
Oscillations, a source of energy for said 
equipment, means for varying the amount of 
energy supplied by said source to said equip 
ment, and means associated with the means 
for varying the energy supply for prevent 
ing the unauthorized use of the generating 
equipment with its maximum output. 
In witness whereof, I have hereunto set 

my hand this 16th day of September, 1921. 
WALTER. R. G. BAKER. 
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