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24 Cains. 
Although this invention is particularly adapted 

for high frequency oscillating, circuits such as 
radio transmitters, it in general relates to elec 
trically oscillating circuits and has as its objects 
the provision of a method for starting radio 
transmitters, the provision of means whereby sald 
methodi nay be carried out, and the provision of 
means for producing electrical pulses, the nun 
ber of which may be varied. Other objects of 
the invention will appear as this description proceeds. 

I have discovered that it is preferable to start 
a radio transmitter by first energizing the filla 
ment of the oscillator tube and after the same 
has reached its normal operating temperature to 
energize the filament of the amplifier tube. I 
have provided a switch which may be partially 

. closed and when thus closed completes a circuit 
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to the. oscillator tube. When the switch is fully 
closed, all tubes are energized. By closing this 
switch in two steps, pasing in the partially 
closed position long enough for the oscillator tube 
to attain maximum flament temperature, abnor 
na anode currents are eliminated. 

have also provided means for transmitting a 
series of equally spaced pulses at any of several 
predetermined rates. This result is accomplished 
by utilizding a vacuum tube which is energized by 
a half wave rectified alternating current. The 
grid of this tube has a condenser connected to its 
circuit in such a manner that when the condenser 
is charged to a predetermined potential no cur 
rent can flow to the transmitter. This condenser 
is shunted by a variable resistor and accordingly 
the time interval during which the condenser ils 
charged above said predetermined potential is 
governed by the value of shunting resistance. 
After the condenser is charged, the transmitter 
is inoperative for a predetermined number of 
cycles until said condenser discharges, at which 
tine current may again flow to the transmitter 
during. the short time interval required to re 
charge said condenser. « ' 
The resistance element which is in parallel 

with the condenser determines the tine interval 
between successive pulses and therefore deter 
nines the audio frequency of the outgoing radido 
frequency waves. By varying this resistor. the 
outgoing audio frequency may be varied. - It is 
understood that any mechanical device nay con 
troll this resistor in which event the frequency of 
the outgoing pulses will indicate the position or 
characteristic of said mechanical device. As an 
example, the resistor may be varied in accordance 
with the speed of the wind in which event the 
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frequency of the outgoing pulses will vary in a 
definite relationship with the said speed. The 
primary use for my invention, however, is with 
means for determining the velocity of radio º 
waves and for use in connection with ionosphere 
observations. 

In the drawing; 
Figure il is a diagram illustrative of the pre 

ferred form of my invention. 
Figure 2 illustrates the details of one female 10 

contact of a starting switch - which constitutes 
part of my invention. 

Figure 3 illustrates another female contact - of 
the starting switch which is used in ny invention. 

Figure 4 illustrates another form of my“ inven- il 
tion and this form utilizes the starting switch of 
Figures 2 and 3. 

Figures li to 4 inclusive represent the radio 
transanitting apparatus constituting my inven 
tion and Figure 5 shows a receiving station lo- 20 
cated nearby the transmitting apparatus and 
subject to interference therefrom under certain 
circumstances. 

In Figure 1, alternating current having a fre 
quency of say sixty cycles per second is supplied 23 
to wires 10 and it. Tapped into conductor 10 is 
located the double pole single throw switch 3, 
4. Blades 3 and til are mechanically inter 

Connected by cross-member 2 and therefore both 
blades move sinultaneously. The female con- 30 
tactors i 5 and i are of the well known knife 
switch type (see Figure 3) except that contactor 
it is spread. Due to this fact, it is necessary that 
in closing the switch the blades i 3 and 5 make 
contact prior to the tine at which blades 4 and 35 

contact each other. It is furthermore possible 
to partially close the switch so that blades 
and 3 will engage each other but blades i and 
6 will not. This is the procedure that I follow 

in starting the transmitter. At first, the switch 40 
is thus partially closed. and when it is subse 
quently desired to transmit, the switch is fully 
closed. " In this manner, the oscillator tube is not 
only energized prior to the amplifier tube, but the 
expensive amplifier tube is not burning during 4.gs 
periods of “listening in.” Hence, while “stand 
ing-by” the switch remains partially open and 
not until I desire to actually send out signals do 
I fully close the switch. This prevents abnorma 
anode currents from flowing and also preserves 50 
the amplifier tube during “listening-in” or 
“stand-by” periods. 
Connected to frontactor fi is the transformer 

i 7. the secondary of which energizes the oscillator 
tube I. Furthermore, transformers 2, 24, and ggg 
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2 are connected to this contact. The energiza 
tion - of transformers l is controlled by contactor 

. Transformer i energizes the flament of 
the amplifier tube 2. 
The secondary winding 22 is connected in series 

with the resistor 3 which may be 2000 ohms, and 
with the nercury vapor rectifier tube 2. This 
latter tube may be the well known commercial 
type commonly known as the type ’66. Tube 2 
has a flament that is energized by the secondary 
wrinding 25. The center tap of said winding 25 
is connected to the plate of the mercury vapor 
triode 27 which triode may be the well known 
commercial type commonly called the FG-17. 
The flament of this tube is energized by, the 
secondary winding 2B of the e transformer 29. 
The transformer 30 has a primary winding that 
is energized by the secondary winding 2 and a 
secondary • winding i which is shunted by a 
variable resistor 32. This resistor is in turn 
shunted across the grid circuit of the tube 27. 
In addition to - the grid potential supplied by 
resistor 32, electromotive forces are applied to 
said grid by battery 33 and by condenser 34. 
Connected between the center tap of the trans 
former 25 and the end of secondary winding 22 is 
placed the condenser 2 which preferably has a 
capacity of 0.05 ufd. Resistor 3 is connected at 
its left end to the ground and at its right end to 
the plate of tube 20. The potential drop across 
this resistor therefore controls the plate input 
to the final amplifier. 
When the key 31 is closed, and the transmitter 

duly started, the operation of the pulse generat 
ing device is as follows: When the right hand 
terminal of winding 22 is energized positively, 
current flows through tube 23 and charges con 
denser 2. On this. half of the cycle the lower 
end of resistor 32 is negative and no current flows 
through tube 27. Near the peak of the next half 
cycle the tube 27 becomes conducting and current 
flows therethrough from condenser 2 (which has 
retained its charge). If resistor 35 is shorted (no 
resistance in the circuit) the charge from the 
condenser 2S will flow directly to the transmitter. 
generating a signal the duration of which is ap 
proximately 0.0001 second. If resistor 35 remains 
shorted, pulses will be generated at the frequency 
of the alternating current (in this case sixty 
times a second). However, if resistor 35 is ad 
justed to a higher value of reststance, the pulses 
will be generated at a slower rate inasmuch as 
the passage of current through this resistor will 
charge. the condenser 34. This condenser will 
then be in series with the grid circuit of the tube 
27 and so long as this condenser remains charged 
the potential thereof will prevent current from 

- flowing through tube 27. Accordingly, after this 
condenser is once charged it will block the grid of 
tube 27 for a predetermined number of cycles º 
during which time the condenser 34 is discharg 
ng through resistance 35. If resistor 3 has a 
relatively low resistance value, the charge om 
condenser 34 will be rapidly dissipated and only 
alternate pulses will º be “blocked.” Conse 
quently, the pulses of the outgoing waves will. 
occur at the rate of 30 times a second. With a 
higher value of resistance they will occur 5 times 
per second, etc. It is possible to obtain stable 
operation at a value of resistance whereby there 
will be only three pulses per second (when sixty 
cycle alternating current is used). These pulses 
energize the radio transmitter and generate a 
modulated radio frequency wave which is very 

s valuable in ionosphere measurements. 
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In Figure 4, the master oscillator tube , con 

trols the operation of the amplifier tube 34. In 
actual practice, i employ an intermediate low 
power buffer anplifier which is energized simul 
taneously with the oscillator, but such is believed 
to be immaterial to the invention and accordingly 
is not shown. The oscillator is energized by a 
power supply which is of the well known full wave 
rectifer type, the rectifer being energized by con 
ductors 59 and 0. Wires 57 and 5 represent 
this power supply. The amplifier tube is also 
energized from a similar (although higher volt 
age) plate supply. This plate i supply is repre 
sented diagrammatically as battery 56. The am 
pilfier plate supply is also energized by conduc 
tors 5 and 60. A telegraph key 35 is arranged to 
control the application of the power amplifier 
plate voltage. Bias is supplied to the amplifier 
tube by the resistor i f. The flaments of tubes 
5 and 54 are respectively i energized by trans 
forners 50 and 5 f, the primary windings of 
Share respectively energized by contactors S and i S. 

The abnormal anode current mentioned in this 
patent is the current which would flow through 
the amplifier tube if electron emission starts in 
that tube with insuficient biasing potential on its 
control grid. It will be noted that the only 
potential for biasing the control grid of the am 
plifder tube 54 is supplied by rectification in the 
grid of that tube of the output current of the 
oscillator 53; the rectified current flowing through resistor . 
The switch, 2 is constructed in the same man 

ner as the switch. 2 of Figures 1, 2, and 3. This 
switch is closed by first depressing it part way 
until blade 3 engages contact t 5 but blades 
and i do not touch each cther. After an inter 
val of time, the switch is fully depressed to ener 
gize all tubes. As a result of tests extending over 
a period of Several years, I believe this method of 
starting the transmitter increases the fe of the 
amplifier tube. I also found by opening the 
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blades i and B while “listening in” the trans- - 
mitter does not interfere with reception of weak 
or long distance signals on the receiver designated 
by Figure 5 and I found such interference with 
out this feature. 

I claim to have invented: 
1. The method of starting a radio transmitter ) 

of the master oscillator power anplifier type 
which includes heating the cathode of the oscilla 
tor tube to its normal electron emission tempera-- : 
ture and rectifying the output of the oscillator 
tube and effecting biasing of the amplífer tube 
principally by such rectified output before the 
cathode of the amplifier tube is heated to its 
normal electron emission tenperature. 

2. In combination, a first electron discharge de 
vice, means including a second electron discharge 
device for controlling said first electron discharge 
device, each of said electron discharge devices 
having an anode and a cathode, said first electron 
discharge device being subject to an abnormal 
anode current in the absence of the controlling 
action of said control means, and means for heat 
ing the cathodes of said discharge i devices, said 
last-named means including means to heat. the 
cathode of said second discharge device to its 
normal electron emission temperature before the 
cathode of Said first electron discharge device 
reaches its electron emission temperature thereby 
to establish normal operation of said control 
means before said first electron discharge device 
attains its normal operating condition : . 

O 
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3. n. conbination, a radio transmitter and a 

power supply therefor comprising. in comblina 
tion, a half wave rectifying device means, a source 
of alternating current in series with said means, 

S a condenser shunted across the series circuit of 
said source and said means, an electron discharge 
device having a grid, a second condenser con 
trolling the charge on said grid, a series circuit 
including said source, said devices, said second 

O ccndenser and said transmitter, and a variable 
resistor shunting said second condenser. 

4. In combination, a source of alternating cur 
rent, a half wave rectifying device in series there 
with a condenser shunted across said source and 
rectifer, a discharge device having a grid. means 
for varying the grid potential thereo in accord 
ance with the variations of said alternating cur 
rent. and a condenser in series with said grid. 
said second condenser and said devices being in 

O series with said source. 
* 5. In a naster-oscillator-power-ampler 
transmitter, an amplifier, an oscillator driving 
the same, and a switch having two current paths 

- therethrough which respectively control circuits 
in said oscillator and said amplifler, said switch 
being so constructed and arranged that it may 
be partially closed to energize the oscillator cur 
rent path but not said amplifier current path and 
may be fully closed to close said circuits in both 
the oscillator and the amplifier. 

6. In a radio transmitter, a first radio tube: 
circuit connections including means whereby said 
tube acts as a master oscillator; a second radio 
tube having a flament, a grid, and a plate; cir 
cuit connections including means for operating 
said second tube as an amplifier driven by said 
oscillator: a pulse generator for modulating said 
second tube comprising a transformer with pril 
mary and secondary windings, a half wave rect 

O fer having an anode and a cathode, the anode 
being connected to one side of the secondary of 
said transformer, a condenser connected between 
the cathode of said rectifier and the remaining 
side of the secondary of said transformer. means 
connecting to ground both the remaining side of 
said secondary and the filament of said secondi 
radio tube, and a triode having a filament, grid, 
and plate, the plate of said triode being connected 
to the cathode of said rectifier; a condenser con 
nected between the filament of said triode and the plate of said second radio tube, said grid of 
said triode being controlled by the electromotive 
force across said condenser to efect a series of 
sub-nultiple pulses to said second radio tube 

S plate: a variable resistor across said second con 
denser; and starting means for operating the 
above-mentioned devices which may be operated 
during a warm-up period to energize said oscilla 
tor, said transformer. and said pulse generating 
modulator, and may be operated in alunning 
position to energize also the second radio tube 
flament, the second radio tube filament not being energized during the warm-up period. 

7. A pulse generator comprising a source of 
alternating current electromotive force, means 
which is charged by alternate alternations of said 
electromotive force and includes means for pre 
venting it to discharge into said source on other 
alternations of said electromotive force. and a dis 

o charge circuit for said first-means comprising a 
device having an anode. a cathode, and a con 
tro means for regulating the flow between said º 
anode and said cathode to permit such flow dur 
ing intervals of at least a part of saidd other alter 

s nations and to prevent said flowr during those in 

tervals when said source is charging said first 
means, and a load, said load. anode, and cathode 
being connected in series with said first-means, 
whereby pulses of energy will be supplied from 
said first-means to said load. 

8. In a radio transmitting system, the combi 
nation with a radio transmitter having two wires 
and means for controlling the outgoing waves in 
accordance with the potential across said two 
wires of a pulse generating modulator comprising 0 
a source of alternating current electromotive 
force, a condenser, means for charging said con 
denser by alternate alternations of said source, 
and a discharge circuit for said condenser to 
transmit energy there from to said two wires, 5 
said discharge circuit comprising a triode having 
an anode, a cathode, and means for controlling 
the current from said anode to salid cathode in 
accordance with the electromotive force of said 
source to permit current flow from said con- 20 
denser to said wires during the alternate alterna 
tions when said condenser is not being charged 
by said source and to prevent said flow during 
said alternate alternations when said condenser ' 
is being charged by said source. 23 

9. A pulse generator comprising a source of 
half wave rectified alternating current electro 
motive force, a condenser shunted across said 
Source, a rectifying device having an anode, a 
cathode, and a control means for controlling the 10 
flow of current from said anode to said cathode, a 
load, a second condenser, a circuit for supply ng 
current from º said first condenser through said 
anode and cathode to said load, said second con 
denser cooperating with said circuit so as to be S 
charged by flow of current therethrough, means 
for actuating said control means to effect high 
impedance through said rectifying device when 
said source is charging said first condenser and - 
low impedance at other intervals, saldi last- 40 
named means including means for affecting said 
control means by the charge on said second con 
denser to effect high impedance in said rectify 
ing device when said second condenser is charged 
above a certain point and low impedance during 45 
said other intervals and being constructed and · 
arranged so that its action on said control means 
will create a series of pulses through said supply 
circuit the rate of which pulses is a sub- multiple 
of the frequency of said alternating current elec- go 
tromotive force. 

10. The device defined by claim 9 in which said 
second condenser is shunted by a resistor. 

11. In an oscillator-amplifier type radio trans 
mitter. a first radio tube having a cathode, means sgs 
for operating said tube as an oscillator, a second . 
radio tube, circuit connections including means 
for operatting said second radio tube as an ampil 
fler driven by said oscillator, a starting switch 
having a plurality of positions of closure which 0 
is so, constructed and arranged that said switch 
aust pass a certain-point of closure before it 

reaches another-point of closure, means for en 
ergizing Said first tube cathode when said switch 
is at or beyond said certain-point of closure. the 65 
Said other-point of closure controliing one of saidi 
circuit connections to disable said amplifier prior 
to the time that said switch reaches said other 
point of closure and to close the particular cir 
cuit connection which it. controls when said 0 
switch reaches said other-point of closure, where 
by the circuit to the oscillator cathode must be 
completed before the amplifier stage can oper 
ate. 

12. The device defined by claim 2 including in a 
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addition, a third electron discharge device hav 
in a cathode, and circuit connections including 
means to operate said third discharge device as 
an audio frequency nodulator for said first elec 
tron discharge device. 

1. In a pulse generator, a condenser, means 
for producing a uni-directional electromotive 
force which rises from a low value to a high value 
periodically and includes means for charging 
Said condenser uni-directionally as well as for 
preventing discharge of said condenser to saidi 
first means, a load, and a’ circuit for feeding the 
discharge current of said condenser to said load, 
said circuit including means for preventing dis 
charge into sadd load when said potental is high 
and permitting such discharge for a short inter 
vall when said potential is low. 

70 

14. In a radio transmitter of the type wherein 
one tube drives another, a driving stago includ 
ing a first electron discharge device having ak 
cathode, a driven stage including a second elec 
tron discharge device having a cathode. circuit 
connections for heating said cathodes from thelir. 
cold conditions to their hot conditions, and a 
starting switching means including a part ex-. 
posed for manual operation which part con 
stitutes the sole manually operable part of said 
switch which - operates said cathodes: said cir 
cuit connections including means. Such that when 
said part is moved in a predetermined manner to 
an “on” position the cathode of said first electron 
dscharge device is heated from cold condition 
at a faster initial rate than the cathode of sald 
second electron discharge device and such - that 
a bndigher initial percentage of rated electrom0 
tive force is applied to said cathode of said first 
electron discharge device than is applied to the 
cathode of said second electron discharge device 
and such that the cathode of said first electron * 
discharge device reaches its normal electron 
emission temperature before the cathode of said 
second device reaches its normal electron enuis 
son temperature. 

15. In combination; an electrical circuit in-a 
cluding an electron discharge device having a 
grid. a plate, and a cathode; means responsive 
to the output of said device: said circuit includ 
ng means whereby said device is subject to an 
abnormal plate current when the cathode is 
heated in absence of biasing potential on said 
grid; a device conprising a cathode with an an 
ode spaced from said cathode, whereby a space 
is defined between the anode and cathode of said 
second device; means for biasing said grid pri 
marily by power which was transmitted through . 
said space; and means which during the starting 
period of the devices temporarily applies a higher 
percentage of rated electromotive force to the 
cathode of said second device than to the cath 
ode of said first device. 

16. In an electrical system of the type wherein 
one stage drives another, a driving stage. a stage 
driven thereby, a modulating stage, each of said 
stages having an electron discharge device with 
a cathode. said modulating stage including means 
whereby said driven stage is modulated at ara 
audio frequency, º and means for supplying en 
ergizing potentials to sad stages to efect out 
puts therefrom, said last-named means being 
operable by novement of a single hand in a 
single direction to effect nornal electron ennis 
sion temperature of said cathode of said driving 
stage as well as of said modulating stage prior 
to the time that the cathode of the driven stage 

, 187,808 
reaches its normal electron emission tempera 
ture. } 

17. In an electrical device of the type wherein 
one tube drives another, a driving stage includ 
in a first electron discharge device having an 
anode and a cathode, means supplying anode 
potental thereto. a driven stage including an 
electron discharge device having an anode and . 
a cathode, means for supplying anode potentia 
to Said driven stage, and a starting switch hav 
ing a plurality of positions of closure constructed 
and arranged such that it must pass a certain 
point of closure before it reaches another-point 
of closure and when both at and beyond said 
certair-point of closure energizes the cathode of 
saidi diriving stage and when it reaches said an 
other-point of closure it initiates normal en 
ergization of said cathode of said driven stage. 

18. In a radio transmitter of the type where 
in one stage drives another, a driving stage in 
cluding an i electron discharge device having a 
cathode, a driven stage including an electron 
discharge device having an anode. a cathode, and 
a grid. means for applying bias to said grid sole 
ly by the output of said driving stage, and a 
starting switch so constructed and arranged that 
it must pass a certain-point of closure before 
it reaches another-point of closure and connected 
so as to energize the cathode of said driving stage 
When at or beyond the certain-point of closure, 

. to efect generation of radio frequency electro 
motive forces at said driving stage prior to reach 
ing said another-point of closure, and to initiate 
energization of the cathode of said driven stage 
upon reaching said another-point of closure. 

19. The method of starting a radio transmitter 
of the type wherein a first tube is biased prin 
cipally by the output of a second tube which in 
cludes heating the cathode of the second tube 
to its normal electron emission temperature be 
fore the cathode of the first tube reaches its nor 
mnal electron emission temperature. 

20. In a radio transmitter, in combination; a 
driving stage having a tube with an anode and 
a cathode; a driven stage having a tube with an 
anode, a cathode and a grid: a condenser having 
two leads therefrom one of which is operatively 
connected to said anode of said driving stage; a 
resistor one end of which connects to both the 

0 

emaining lead of said conderser and the grid of so 
the driven stage and the other end of which con 
nects to said cathodes; said resistor constitut 
ing the Sole biasing means for said driven stage; 
and means for heating. during the starting 
period, the cathode of the driving stage at a 
faster initial rate than the cathode of the driven stage is heated. 

21. In a pulse generator, a source of alternat-. 
ing current electromotive force. a half wave rec 
tifler, means electrically connecting one side of 
said rectifer to one side of said source, a con 
denser connected between the other side of said 
rectifer and the other side of said source, said 
half wave rectifier constituting the sole means 
for supplying charge to said i condenser whereby 
one side of said condenser is charged positively 
by a half wave rectified current and the other 
side of the condenser charged negatively by such 
half wave rectified current, a triode which has 
an anode connected to the positively charged side 
of said condenser, said triode also having a cath 

“ ode and a grid operatively cooperating with said 
anode. an electrical resistor a first end of which 
is connected to the cathode of said triode, a con 
denser shunted across said resistor, means con 
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necting the second end of saidd resistor to the 
negative end of said first recited condenser, 
means connecting said secondi end of said re 
istor to said grid comprising means for introduces 
ing a potential between said second end and said 
grid which potential varies proportionally with 
vrariations in said alternating current electro 
rotive force and has such polarity with respect 
to said resistor and grid as to block flow through 
said triode during the intervals that sad source 
is charging said first-recited condenser: saldi last 
namned means, said triode, second-recited con 
denser, and said resistor being So Constructed and 
arranged that the action of the potentials ap 
pied to said grid will produce a series of pulses 
from said. anode each of which puls?s have short 
duration and I have Spaces therebetween which 
spaces have a. time duration that is a multiple 
of the tine required for saidi alternating cur 

3 
rent electromotive force to pass through a con 
plete cycle. 

22. The method recited by clain 1 which also 
includes applying anode potentials to both of said 
tubes before the cathode of said amplifier tube 
reaches its normal electron emission temperature: 
23. The method rected by claim 19 which in 

cludes applying anode potentials to both of said 
tubes prior to the time that the first naned tube 
attains electron ermitting condition. 

24. The device defined by clatin 13 which in 
cludes means for controlling the last-recited 
means of said claim to render said last-recited 
means non-conducting. internittently for periods 
that are multiples of the periods of variation of 
said electromotive force, whereby the pulses oc 
cur at a sub-multiple of the occurrence of saidi 
variations. 
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