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1. Claims. 

My invention relates broadly to high frequency 
transmission systerns and more particularly to a 
circuit arrangement for a high frequency oscilla 
tor and power amplifier circuit for signal trans 
inission Systerns. 
One of the objects of my invention is to pro 

vide a circuit, arrangernent for a high frequency 
transmitter in which a constant frequency Con 
trolled electron tube oscillator is electrically aSSO 
ciated with a power amplifier in Such manner 
that electron tubes using similar electrode poten 
tials may be erapioyed in both the oscillator and 
power amplifier stages. 
Another object of my invention is to provide 

a circuit arrangement for a high frequency OS 
cillator and power amplifier in a Signal trans 
mission system wherein the same source of plate 
potential may be employed for both the oscilla 
tor and power amplifier System with a high degree 
of efficiency. 

Still another object of my invention is to pro 
vide a circuit arrangement for a high frequency 
oscillator and power amplifier System having 
means for automatically protecting the oscillator 
against excessive temperatures within the elec 
tron tube which may be produced in the event 
that the oscillator ceases the production of OS 
ciliationS. 
A further object of my invention is to provide 

a circuit arrangement for an electron tube oscil 
lator and power amplifier in which the electrode 
potentials of the oscillator are automatically re 
duced when oscillations cease for avoiding con 
ditions of overheating of the oscillator tube. 
A still further object of iny invention is to 

provide a circuit arrangement for an electron 
tube oscillator and power amplifier having such 
characteristics that it is unnecessary to enhploy 
tubes of different types in the oscillator and ann 
plifier circuits thereby reducing the number of 
different types of tubes required for finaintaining 
transmitters in operating condition. 
Another object of my in Veration is to provide 

an arrangement of relay circuit controlled by 
the power amplifier circuits of a transmitter for 
controlling the operating characteristics of the 
OScillator. System aSSociated with the power ann 
plifier foi protecting the OSciliator tube against 
injury due to excessive currents which may arise 
When OScilla, ties in the oscillation system cease. 
Other and further cajects of my invention re 

Side in the circuit arrangerinent for an electron 
tube OScillator and means for protecting such 
Oscillator against injury as set forth more fully 
in the specification hereinafter following by ref 

(CI. 250-36) 
erence to the accompanying drawings, in which: 

Figure 1 diagrammatically shows a circuit ar 
rangement for an electron tube power amplifier 
and oscillator embodying the principles of my in 
vention: Fig. 2 illustrates a modified form of cir 
Cuit arrangement embodying my invention and 
in which the shield grid and plate potentials are 
reduced automatically when oscillations cease 
through the power amplifier system; Fig. 3 illus 
trates another form of protective circuit for an 65 
oscillation System constructed in accordance 
with my invention and wherein different poten 
tiais which are supplied to the shield grid and 
plate of the OScillator tube are interrupted on the 
discontinuance of oscillations through the power 70 
annplifier system in the circuit of my invention; 
Fig. 4 illustrates another modified form of power 
amplifier and Oscillator connected in accordance 
With the circuits of my invention and wherein. po 
tentials on the space charge grid, shield grid and 75 
plate of the oscillator tube are automatically re 
duced upon the Stopping of OScillations through 
the power amplifier System; Fig. 5 shows another 
form of circuit embodying my invention in which 
different potentials are supplied to the plate, the 80. 
shield grid and the Space charge grid of an OS 
cillator tube and such potentials reduced upon 
the ceasing of oscillations through the power am 
plifier System; Fig. 6 illustrates another form of 
circuit embodying the principles of my invention 85 
and wherein the shield grid potential of an oscil 
lator tube is reduced automatically under control 
of the power amplifier circuits for reducing the 
potential on the shield grid when oscillations 
cease through the amplifier system; Fig. 7 illus- 90 
trates still another circuit arrangement embody 
ing the principles of my invention whereby the 
potential applied to the shield grid is reduced in 
accordance with the action of oscillatory currents 
in the circuits of the power amplifier with which 95 
the oscillator tube is associated; Fig. 8 illustrates 
a further modified form of OScillator and power 
amplifier arranged in accordance with my inven 
tion and wherein the shield grid and Space charge 
potentials are automatically reduced when oscil- 100 
lations cease, thereby protecting the oscillator 
tube against excessive temperature conditions 
due to rise of current through the electron dis 
charge path in the oscillator tube; Fig. 9 illus 
trates another form of protective circuit embody- 05 
ing the principles of my invention in which the 
protective relay operates to increase the negative 
bias on the oscillator tube for reducing the cur 
rent flow through the oscillator tube and prevent 
ing excessive rise in temperature conditions in O 
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the tube upon the stopping of oscillations in the 
Oscillator and amplifier system; Fig. 10 shows a 
urther rhodified fornin of protective circuit for 

oscillator systeins in which the piate and shield 
grid potentials are reduced under control of a 
protective relay having the actuating winding 
thereof connected in the shield grid circuit of the 
power apifier; iig. 11 shows a further modified 
form of power aimplifier and oscillator circuit en 
bodying my invention. Wherein the control relay 
has its actuating winding connected in the shield 
grid and plate circuit of the oscillator and is 
arranged to control the shield grid and plate cir 
cuit of the oscillator for reducing the potential 
therein in the event that oscillations through the 
OScillation and amplifier systems cease; and Fig. 
12 illustrates a further modified form of circuit 
arrangement embodying my invention in which 
the control relay has its actuating winding con 
nected in the input circuit of the power amplifier 
with the contacts of the relay arranged in the 
shield grid and anode circuits of the oscillator 
for reducing the potential in such circuits upon 
the stopping of oscillations for thereby protecting 
the oscillatoi tube against injury. . 
My invention contemplates the protection of 

oscillator tubes against excessive temperature 
irise due to the dissipation of excessive power in 
the space discharge path in the tube which occurs 30 

35 

when oscillations through the tube cease. The 
oscillatory currents which are normally circulated 
in the oscillating circuit associated with the oscil 
lator When the oscillating systern is operating 
under normal conditions, do not tend to produce 
any excessive temperature conditions with re 
Spect to the electrodes of the Oscillator tube. 
However when such oscillations cease the poten 
tial existent on the electrodes of the oscillator 
tube tends to produce a current flow through the 40 
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tube. 

electron discharge path of the electron tube of 
excess proportions resulting in a temperature rise 
of the electrodes within the tube causing the 
utimate destruction or injury of the oscillator 

in the system of Iny invention automatic 
ineans are provided for reducing the electrode 
potentials of the oscillator tube immediately 
upon the ceasing of oscillations in the oscillator 
and amplifier Systein. Reduction in electrode 
potentials applied to the oscillator tube reduces 
the power input to the tube and thereby eliminates 
danger of tube destruction. The protection which 
is afforded in the system of riny invention is ac 
complished by the operation of a relay which is 
Controlled by one or ore circuits associated 
with the power amplifier system. When oscilla 
tions through the oscillator and power amplifier 
cease, relay contacts are actuated resulting in the 
reduction of electrode potential on the electrodes 
of the OScillator tube for bitinging about the 
protection of the Oscillator tube hereinbefore de 
Scribed. 
In the design of modern crystal controlled 

transmitters it is quite custoimary to use buffer 
stages of an plification which are not keyed but 
which are operated continuously. When the trans 
mitter is being operated. The crystal oscillator 
rectified grid current is usually small in quantity 
and it is difficult to find a relay sufficiently rugged 
to be placed in a transmitter and yet, sensitive 

go enough to be operated by the crystal oscillator 
rectified grid current. If one or more buffer 
Stages of amplification are used, the plate current 
drawn by any of the buffer stages ray be used 
to operate the relay furnishing the protection. 

in explaining the operation of one method 

1938,160 
of carrying my invention into effect, reference 
Will be made to Fig. 1. A crystal controlled 
CScillator tuke 1 is shown connected to an ampli 
fier 2. The Crystal controlled oscillator tube, i. 
includes a cathode a, a control grid Ib, an anode 
1c and a shield grid lid. The aimplifier tube 2 
includes a cathode 2d., a control grid 2b, ain anode 
2c and a shield grid. 2d. The cathoates CL and 2d 
Inay be heated from the sane source of potential 
Such as an alternating powei' Supply circuit 
thirough a step down transformer with a midtap 
connection forin the Secondary of the transforther 
to each of the grid circuits. However in order to 
simplify the transmitter drawings, I have in each. 
instance shown the cathodes d and 2C in asso 
ciation. With a battery source as a heating aeans. 
The oscillator tube 1 has its input circuit con 
nected between the control grid 1b and the 
cathode ia, the input circuit including the piezo 
crystal element 15 and the radio frequency choke 
coil 16. The input circuit is grounded as in 
dicated at 17. The output circuit of the oscilla 
tol includes the resonant circuit 18 comprising 
variable coin dense 5 connected in shunt. With ill 
ductance 19 through the aramete; 20. An ad 
justable tap 21 is taken from inductance 19 to 
Eine anode 3c. The output circuit is completed 
through contact 6 of relay 3 to the source of 
potential 22, returning to the cathode 1d. The 
input, and output, circuits of the OScillator tube 1. 
are collpled through the adjustable feedback con 
clenser 41 which provides a feedback path for the 
production of osciliations in the Oscillating tube 
Systein. A bypass condenser 23 is shunted across 
ihe power supply circuit in the output of the 
osciliator. The shield grid 1d is energized from 
a tap 24 in the output circuit thirough resistance 
25. A bypass cordense 26 is connected between 
the shield grid 1d and the cathode ia. The power 
annplifier 2 has its control grid 2b contecited to 
adjustable tap 27 on inductance 19 through 
coupling condenser 28. The potential on control 
grid 2b is regulated by raeans of a circuit through 
radio frequency choke coil 29 from potential 
source 30 shunted by lineans of potentiometer 31 
over which adjustable tap 32 inay be lowed. The 
output circuit of power amplifier tugs 2 connects 
through resonant circuit, 33 in Series. With the 
winding 7 of the relay 3 returning to the positive 
side of the generator 22, which in turn connects 
to the cathode 2a through connon bus 34. A by 
pass condenser 35 is provided in shunt with the 
plate, power supply and relay Winding 7 in circuit 
With the power anapiifier tube 2. resonant, 
circuit 33 includes adjustable condensei 36 and 
inductance 37. A tap 33 is taken from inductance 
37 to the antenna, or Succeeding araplifier stage. 
The potential for the shield grid 2 d of the ampli 
fier tube 2 is obtained through the connection 39 
to the positive side of the generator 22 through 

3 

rig 
a 

the resistance 40 which regulates the potentiai 
on the shield grid. 2d. ihe shield grid. 2d. is con 
nected to the cathode 2d through condenser 65. 
The relay 3 is actuated by the plate current of 

amplifier tube 2. A protective resistor 4 is 
shunted across contacts 6 of the relay 3. The 
operation is as follows: When the circuit, is first; 
put in operation, tile tuining condenser 5 is often 
found not properly adjusted for producing oscil 
lations in the crystal circuit. The resistor 4 then 
prevents the flow of Sufficient output, power to 
damage the tube 1. The operator adjusts coin 
denses 5 until oscillations begin in the crystal 
circuit. The grid of araplifier tube 2 is tinen 
Xcited and anplifier plate current flows. The 
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1,938,160 
coil 7 of relay 3 is energized and the contacts 6 
are closed, and the resistance 4 is short circuited, 
thereby allowing the full plate voltage to be ap 
plied to the crystal oscillator plate circuit when 
the oscillations begin. If for any reason oscilla 
tions cease in the crystal circuit, no excitation is 
applied to the amplifier tube 2, no amplifier plate 
current flows, and the relay winding 7 is no longer 
energized. The relay contacts 6 open, and the 
protective resistance 4 is inserted in the crystal 
oscillator plate circuit, thereby reducing the 

3 5 

crystal oscillator plate voltage and furnishing 
protection to the tube. The crystal oscillator tube 
1 shown in Fig. 1 is a shield grid tube. This 
method of protection has been illustrated in con 
nection with a shield grid tube because ordinarily 
a three element tube used as a crystal oscillator 
does not have enough plate voitage applied to 
damage the tube when no oscillations are being 
produced. My invention is particularly directed 
to tube circuits which when used as crystal oscil 
lator circuits employ a high plate voltage such as 
2000 volts, or of such high order that the tube 
Would be damaged if oscillations ceased. It is 
understood that a three or five element tube may 
be substituted for the crystal oscillator tube in 
Fig. 1 and the protection applied when necessary. 
A three element tube may be employed for the 
aimplifier tube 2 in the circuit of Fig. 1 in lieu of 
the four element tube shown therein using 
neutralization circuits when necessary. This 
amplifier may also be replaced with a space 
charge grid tube of either the four or five elec 
trode type. - 

Fig. 2 illustrates a modified circuit arrangement 
embodying my invention. The circuit of Fig.1. 
has SOine disadvantages not present in the cir 
cuit of Fig. 2. When the resistor 4 shown in Fig. 
i is inserted in the plate circuit of tube 1 and the 
plate potential is lower than its normal operating 
point, the shield grid 1d may attract more than 
its normal number of electrons which may dam 
age the shield grid by excessive heating. For 
that reason, it is advantageous to use the circuit 
Of Fig. 2 Which provides for a decrease in the 
Shield grid potential simultaneously with the de 
crease in plate potential. This is accompished 
by changing the circuit in such manner that the 
Shield grid current passes through the protective 
resistor 4 in the plate circuit. 
The resistance 25 in Fig. 2 which connects with 

the Shield grid lid is disposed in a series path 
Which includes resistance 4 in the circuit to the 
generator 22. The current from generator 22 
must paSS through both resistances 4 and 25 when 
Contacts 6 are open in order to reach the shield 
grid when there is no circulating current in the 
oscillator circuit, a condition which exists when 

6. 
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contacts 6 are open. Under this condition, en 
ergy is Supplied to the anode 1c and the shield 
grid 1d through resistance 4 and the oscillator 
tube is Substantially protected. However, when 
the oscillator is functioning properly and deliver 
ing power to the power amplifier, the relay wind 
ing 7 is energized and contacts 6 are closed, there 
by shunting resistor 4 and delivering the required 
Operating potential to anode 1c and shield grid 
1d. The tubes shown in the circuit of Fig. 2 may 
be replaced with three element tubes as described 
in connection with Fig. 1. If desirable, a four 
element tube, the inner grid of which is used as 
a Space charge grid and the outer one a control 
grid, can be substituted for the crystal oscillator 
tube shown in Fig. 2. The circuit would be the 
Sane except that instead of supplying power to 

oscillator, it is necessary to reduce the additional 

3 
the shield grid 1d as in Fig. 2, provision would 
be made to supply voltage in a similar. manner 
to the space charge grid. The amplifier may em 
ploy any other type of tube used in its stead pro 
vided the amplifier circuit be modified, if neces 
sary, in Such a manner as to assure proper oper 
ation. . . . . . 

Fig. 3 illustrates a further modified form of the 
crystal control tube circuit and power amplifier 
circuit of my invention. The source of potential 85 
22 has a potentiometer connected in shunt 
therewith and illustrated at 42 with a tap con 
nection 43 thereon. ... The contacts 6 and resist 
ance 4 arranged as in Figs. 1 and 2 are now sup 
plemented by an additional set of contacts 44 con 
nected in parallel with an additional resistor 45 
connected to tap 43 in a potentiometer. The Sep 
arate resistor 45 is employed to decrease the shield 
grid potential of tube 1 simultaneously with the 
decrease in plate potential. Resistor 4 is the 
plate circuit protective resistor, and resistor 45 
is the shield grid circuit protective resistor. The 
resistance 25 may or may not be used, depend 
ing upon the type of tube used. It is sometimes 
necessary to use a series resistor in shield grid 100 
circuits to assist the shield grid to automatically 
maintain approximately the correct potential. 
The separate resistor paths through 45 and 25 to 
the shield grid 1d and through resistor 4 to the 
anode 1c may be used whenever two different val- 105 
ues of potential are applied to the anode and 
shield grid circuits, thereby a SSuring protection 
of the oscillator tube. The arrangement of the 
potentiometer as shown corresponds to a double 
voltage machine ina.Smuch as two different volt 
ages may be derived from the potentiometer. The 
modifications of the circuit shown in Fig. 2 may 
also to be applied to the circuit of Fig. 3. 
When a five electrode tube is used as a crystal 
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115 
grid potential simultaneously with the other. po 
tential reductions. Fig. 4 shows a modified cir 
cuit of my invention by which I provide for the 
protection of a five electrode, tube employing 
space charge grid 1e. The flow of plate current 120 
in any of the buffer stages of amplification can 
be used to operate a relay in connection with this 
system of protection. Damage to the crystal os 
cillator tube is prevented by the simultaneous re 
duction of plate, shield grid and space charge 
grid potentials when no oscillations are produced 
in the crystal circuit. In Fig. 4, the same source 
of potential is applied to the three electrodes, al 
though reduced on the two grids by the insertion 
of resistances 4, 25 and 46, and for this reason, 
a relay with a single pair of contacts 6 may be 
used to short circuit the protective resistor 4. 
Resistor 25 connects as heretofore described in 
circuit between the shield gridd and the source 
of potential 22 through resistor 4. The space 
charge grid le connects through resistor 46 to 
the point 47 in the output circuit which then con 
nects in series through resistor 4 to the source 
of potential 22. - Under normal operating condi 

125 

30 

35 

140 
tions with oscillations being transferred from the 
oscillating tube circuit to the power amplifier 2, 
relay winding 7 is energized and contact 6 is 
closed allowing potential to be supplied at prede 
termined values to space charge gridle and shield 145 
grid 1d. However, upon failure of oscillations, 
relay winding 7 is deemergized and contacts 6 are 
opened thus introducing resistor 4 into the pow 
er Supply circuit and decreasing the effective po 
tential on space charge grid 1e, shield grid 1d and 50 
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4. 
anode ic, thereby preventing injury to the tube 
while oscillations are not being generated. 
. It is necessary to use a relay with three Con 
tacts and three protective resistors to give pro 
tection to the three circuits if separate voltage 
supplies are used on the three circuits or if a. 
tapped plate supply source is used to furnish the 
shield and space charge grid potentials. This 
circuit is shown in Fig. 5 wherein the protective 
relay 3 has its winding 7 arranged to control the 
sets of contacts 6,44 and 48. Contacts 6 are con 
nected in shunt as heretofore shown With resistor 
4. Contacts 44 are connected in shunt as here 
tofore described with resistor 45 while contacts 
48 are connected in shunt as heretofore described 
With resistor 49. Separate battery Supply. Sources 
have been shown at 50, 51 and 52 connected in 
series with the supply circuits for the different 
electrodes. That is, battery 50 connected in Se 
ries with resistor 4 controls the energization of 
anode 1c. Battery 51 connected in series With 
resistor 45 controls the energization of shield grid 
ld through resistance 25. Battery 52 connected 
in series with resistor 49 controls the energiza 
tion of space charge grid le through resistor 46. 
Failure of oscillations in the oscillator System and 
of the corresponding transfer of power to the 
power amplifier system results in de-energization 
of relay winding 7 and the simultaneous opening 
of the separate circuits to the different electrodes, 
thereby reducing the potential to a safe Value 
and preventing heating of the oscillator tube 1 
under conditions when the tube is not oscillated. 
If any two of the potential supply Systems are 
common, one pair of contacts may be eliminated 
from the protective relay shown in Fig. 5, thereby 
using a relay with two pairs of contactS. 

If a four-electrode tube is used as a crystal 
oscillator, one grid being a control grid and the 
other being either a shield grid or a Space charge 
grid, it is not necessary to decrease the plate po 
tential provided the positive potential of the other 
grid, shield or space charge, be reduced Sufi 
ciently to prevent enough plate power from 
flowing to damage the tube when no OScillations 
are being produced. The potential of this grid 
may be reduced by the insertion of a resistance in 
its circuit, when no oscillations are being produced. 
The circuit shown in Fig. 6 shows a method of 
placing a low potential on the shield grid when 
the circuit is not oscillating, and automatic pro 
vision for raising it when oscillations begin. The 
potential is increased in this manner: The flow of 

... the buffer amplifier plate current operates relay 3 
55. by energizing winding which short circuits the 

protective resistor 4. The resistor 4 is connected 
directly in series with the resistor 25 in the shield 
grid circuit including Source of potential 22. 
When the resistance 4 is cut out of the circuit, OS 
cillations of greater amplitude are produced in the 
oscillator circuit, but when the system is not oscil 
lating, both resistances 4 and 25 are automatically 
connected in the circuit to the shield grid ld, 
thereby preventing the rise of current through the 
electron path within the tube, and avoiding undue 
heating of the tube. If a four element space 
charge grid tube is used as a crystal oscillator, the 
same protective circuit will apply. This circuit 
Would be identical with the One in Fig. 6. With 
these exceptions: The shield grid is replaced With 
a space charge grid and the feed-back condenser 
is eliminated. - 

Another circuit for automatically increasing the 
grid potential of a four electrode tube when oscil 
lations begin is illustrated in Fig. 7. The relay 53 

1,938,160 
is a back contact relay and is operated by the 
flow of plate current in one of the buffer stages of 
amplification. The operation is as follows: When 
the transmitter is started, at first no OScillations 
occur in the crystal circuit, and the relay contacts 
being normally closed, allow current - to flow 
through resistor 54, and in this condition, resistor 
55 is conducting the current flowing through the 
two paths, resistor 54 and resistor 55 and filament 
to shield grid path, and consequenly the Voltage 
drop across resistor 55 is greater than When the 
flow of current through resistor 54 is broken by 
the relay, all of which causes the voltage between 
the shield grid and filament to be low at the be 
ginning of operation. This shield grid Voltage 
must not be large enough to cause enough plate 
power to flow to damage the tube. However, 
when oscillations begin and piate current flows in 
the next amplifier, the relay contacts 56 open and 
decreases the total current through resistor 55 and 95 
thereby increase the shield grid potential, and the 
plate circuit of the tube draws its normal power. 
If, for any reason, oscillations cease, the resistor 
54 is automatically connected in the circuit and 
protection is given the tube. ihe resistor 25 is 
arranged in circuit. With the shield grid 1d for 
controlling the shield grid voltage in a manner 
analogous to the arrangements heretofore de 
Scribed. 

If a five electrode tube is used as a crystal oscil 
lator, protection may be given the tube by causing 
the positive potential of the shield and space 
charge grids to be lowered when the crystal cir 
cuit is not oscillating. The Saine types of cir 
cuits shown in Figs. 6 and 7, and heretofore de 
Sciribed, may be used to furnish protection. One 
of the methods is illustrated in connection with a 
five element tube in the diagram in Fig. 8. Elec 
troin tube oscillator is sinown as also including 
the space charge giid lie intermediate the cathode 
1a and the control grid 15. he relay which is 
employed for protecting the circuit of the space 
charge grid tube 1 includes the relay 3 having the 
winding 7 for controlling contact 6. The contacts 
6 are normally open. When the oscillator is not 20 
operating. However, when the oscillator con 
mences operation, the oscillatory energy is trans 
ferred to the power anpifier circuit and the 
Winding 7 of the relay 3 is energized thus causing 
contacts 6 to close, thereby shunting resistor 4 and 
increasing the potential on the shield grid 1b and 
Space charge giid le, Whigh is the condition de 
sired for oscillation. In the event that oscillation 
cease, contacts 6 are open introducing resistance 
4 in circuit with the Space charge grid and shield 3u 
grid thereby preventing undue heating of the tube 
elenients. The five elenent the used as a crystal 
Oscillator is protected froin damage caused when 
no Oscillations are being produced by lowering the 
positive potential of the space charge grid when 135 
it is necessary to limit the input power. By 
opening contacts 8 when the oscillations cease in 
power amplifier 2, resistances 4 and 46 are dis 
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iposed in Series with the space charge grid le and . 
resistances 4 and 25 are disposed in series with 40 
the shield grid aid, thereby reducing the potential 
and preventing the circulation of undesired heat 
ing currents. 

Protection may be given to a crystal oscillator 
tube for preventing damage to it by increasing 45 
the negative control grid bias. With respect to the 
filament When no oscillations are being produced. 
The circuit in Fig. 9 illustrates this method. The 
circuit is arranged so that the oscillator tube is not 
blocked When the negative control grid potential 50 
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1,938,160. 
is at a maximum because if it were blocked ini 
tially, no oscillations would ever start. When no 
plate current could flow. The generator 30 which 
normally Supplies negative bias potential for the 
power anpifier tube 2 is arranged to Supply nega 
tive bias potential for the Oscillator tube i through 
potentionetter 57. The potentiometer 57 includes 
Sections 5'id and 57). ihe tap 58 on section 5'a 
connects to the control grid 2b of power amplifier 
tube 2 through radio frequency choke coil 29. 
The negative terminal of generator 30 connects 
through resistance 59 and choke coil 16 with the 
control grid 15 of oscillator tube 1. This connec 
tion Supplies a selected bias potential which is at 
a maximum and which is of Such value that oscil 
lations are nearly blocked and yet the potential is 
not SO large that OScillations cannot gtalt. Aimid 
tap 59 on potentioieter 57 connects through the 
contactS 6 of relay 3 With the grid circuit of the 
OSciliator tube. Oscillations may be started as the 
negative potential is normally selected at a value 
Substantially below blocking potential for the 
OScillator tube 1. Oscillatory energy is then trans 
ferred to the power aimplifier circuit and relay 
Wiilding 7 is energized. So that contacts 6 are closed 
thereby decreasing the bias potential on control 
grid 1b and providing a proper bias on control 
grid it for the generation of osciliations. This is 
leSS than the bias which is enployed in starting 

cease in the power ainplifier circuit relay winding 
is de-energized and contacts 6 are opened there 

by raising the grid potential to a value which 
iowers the space current sufficiently to prevent 

5 damage to the tube. Biowever, the oscillations are 
free to start if other conditions are proper there 
by energizing winding 7 and closing contacts 6 
thus reducing the bias potential on oscillator 1 
and enabling the Oscillator to freely generate 
OScillations. 

In the preceding figures, the relays in the pro 
tective circuits were operated by the flow of plate 
Current in One of the buffer stages of amplifica 
tion. The flow of shield grid current may be used 

... in One or all of the buffer stages to operate a 
relay which would furnish protection to the crys 
tal. OScillator tube. The circuit in Fig. 10 shows 
the flow of shield grid current used to energize 
the coil 7 of the protective relay 3. The shield 
grid id is connected through resistance 25 with 
a point in the output circuit which connects 
through resistor 4 to the source of plate, poten 
tial 22. The contactS 6 of relay 3 are maintained 
closed. So long as coil 7 is excited by shield grid 

... current flow in annplifier tube 2. Should oscilla 
tions cease, however, the contacts 6 are imme 
diately opened and resistor 4 effectively placed 
in series in the circuit with the shield grid 1d, 
thus reducing the potential on the shield grid and 
preventing undue heating and destruction of 
the oscillator tube 1. The control current for 
operating the Winding 7 is obtained from the cir 
cuit of amplifier tube 2, being disposed in Series 
with the power supply to the shield grid. 2d. . . . . 

In Fig. 11, I have shown a modified form of 
the circuit illustrated in Fig. 10 wherein the 
combined plate and shield grid current of the 
buffer amplifier stage 2 is used to operate the 
protective relay 3 by connection of winding 7 to 
the point 60 in the Output circuit of the buifer 
amplifier stage connecting to anode 2c through 
resonant circuit 33 and through lead 62 to the 
point 63 in the plate power supply system com 
mon to both OScillator tube i and power ampli 
fier tube 2. - 

However, should oscillations 

5 
The circuits of Figs. 10 and 11 may be nodified 

in Such manner that the flow of plate, shield grid 
and rectified control grid current may be utilized 
to operate the protective relay as shown in Fig. 
12. The Winding 7 of relay 3 is connected to the 
guifer aimplifier tube 2 so that one end of winding 
7 connects to the cathode 2a and the other end 
of Winding 7 connectS at a point. 64 to the com 
in On buS Willich is grounded. Piate potential for 
Operation of the buffer amplifier tube 2 is ob 
tained from generator 22, which also impresses 
piate potential upon the oscillator tube 1. The 
resistor 4 is normally shunted by contacts 6 al 
lowing the generation of oscillations in the cir 
cuits of tube 1. So long as the contacts are held 
closed by energy Supplied by the circuit of ampli 
fier tube 2 to winding 7. 
In the Several illustrative circuits embodying 

2ny invention, a shield grid tube has been shown 
as the Crystal OScillator tube and feedback has 
been accorplished through a small condenser 41 
from plate to grid. The circuit has been illustrat 
ed with a shield grid tube because this protective 
System is necessary Only with tubes operating at 
high plate voltages, and when high plate volt 
ageS are used, the feedback capacity should be 
Siirall. In actual practice, this is usually achieved 
using Shield grid tubes and Small external con 
denser's for allowing feedback. However, it is 
understood that any type of tube which will op 
erate Satisfactorily in connection with the pro 
tective circuits shown, may be used in any of 
the illustrated circuits as a crystal oscillator tube, 
in Cdifying the circuit to produce oscillations sat 
isfactorily, if necessary. - 
This protective System is required in most cases 

in connection. With crystal oscillator tubes, since 
they are most likely to be improperly adjusted 
for producing oscillations initially. However, it 
is understood that the protective systein of my 
invention may be applied to a Self-oscillating 
master OScillator, if necessary. My invention is 
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useful in connection with certain types of master 
OScillator circuits having adjustments for start 
ing oscillations which are critical. 
A Shield grid tube has been shown as the ann 

plifier in all the illustrated circuits. If desirable, 
a five element tube may be substituted therefor. 
A three element tube may be used as an ampli 
fier tube, if the amplifier is a frequency multi 
plier, but if it is not a frequency multiplier, neu 
tralization must be used. 

25 

The coil of the protective relay is shown in 
many of the illustrations aS placed in the high 
potential part of the power Supply circuit. 
may be placed at Some other point which is at 
a low voltage above ground, if desirable, to Sim 
plify insulation problems. Since it is dificult in 
Some installations to provide a relay sensitive 
enough to operate on the value of current found 
in the aforementioned circuits, which has con 
tacts which will break the circuits properly, one 
relay may be used to control another relay which 
will function Satisfactorily. 
"The illustrations in this disclosure have shown 

the protective relays operated by the current 
in one buffer stage of amplification. It is under 
stood that if more than one buffer stage of am 
plification is used, the circuits may be arranged in 
Such a manner that the current flowing in the 
two or more tubes may be made to flow through 
the relay coil thereby making it possible to use 
a less Sensitive protective relay. 
The system of my invention permits the same 

Source of power 22 to be employed for supplying 
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potential for operating both the OScillator tube 
1 and the power amplifier tube 2. Tubes of high 
power rating may therefore, be utilized directly 
as the oscillator for thus simplifying the construc 
tion of the trans: nitter and producing a greater 
power output at less expense. 
The system of my invention has proven highly 

practical in operation, and, Winiie I have de 
scribed certain of the embodiments of any in 
vention, I desire that it be understood that modi 
fications may be made in accordance With Some 
of the features above described and according 
to other features which will readily occur to 
those skilled in the art, and that no li::itations 
upon my invention are intended other that are 
imposed by the Scope of the appended claims, 
What I claign as inew and desire to Secure by 

Letters Patent of the United States is as folioWS: 
1. In a System for protecting electron tube OS 

cillator circuits, in combination, an Oscillator cir 
cuit, means including a power amplifier Con 
nected with said oscillator circuit for amplifying 
the output energy thereof, a resistance disposed 
in circuit with said oscillator circuit, relay coin 
tacts connected in shunt With Said resistance, a 
relay winding connected with said power ampli 
fier, said relay winding operating to control Said 
relay contacts, for maintaining Said relay Con 
tacts closed while oscillations are being trans 
ferred to said power amplifier and operating to 
open said contacts when oscillations cease for 
increasing the resistance of Said OScillator circuit. 

2. In a system for protecting high frequency 
oscilalition circuits, an election tube OScillator, 
means including a power aniplifier connected 
With said electron tube Oscillator for ailplifying 
the output energy thereof, a resistance element 
connected in circuit with said electron tube OScil 
lator, relay contacts connected in shunt with 
said resistance element, and a reiay Winding COIn 
nected With the output circuit of Said power 
amplifier for controlling said relay contacts and 
maintaining said relay contacts closed under 
conditions of normal oscillation in Said. Oscilla 
tor and power amplifier circuits while opening 
said contacts upon cessation of OSciilations and 
increasing the resistance of Said OSciliator cir 
cuit. 

3. in a system for protecting an electron tube, 
a high frequency oscillation circuit, an electron 
tube connected in said high frequency OScilla 
tion circuit, a power Source for Said OScillator 
tube, a power amplifier tube coupled to the out 
put portion of said oscillation circuit, and means 
controlled by said power amplifier tube for rhod 
ifying the character of the power. Supply from 
said power source to said oscillation circuit When 
oscillations transferred to Said power ainplifier 
tube cease. 

4. In a System for protecting an OScillator tube, 
the combination of an Oscillation circuit, an OS 
cillator tube connected in Said circuit, a power 
amplifier tube coupled to the output portion of . 
said oscillation circuit, a power Source for Supply 
ing power to said oscillation circuit, and neaias 
controlled by said power amplifier tube for ice 
ducing the power Supply to Said OScillation circuit 
when oscillations transferred to Said power am 
plifier tube cease. 

5. In a system for protecting an electron tube, 
the combination of an OScillation circuit, an elec 
tron tube connected with said oscillation circuit, 
a power amplifier tube coupled to the output por 
tion of said oscillation circuit, a power source, a 
resistor electrically connecting said power Source 

1,938,160 
with said oscillation circuit, a pair of relay con 
tacts connected across said resistor, and a relay 
Winding controlled by said power amplifier for 
operating said relay contacts, for normally main 
taining said relay contacts closed. When Oscilla 
tions are being transferred from Said first men 
tioned electron tube to said power amplifier tube 
and effecting an opening of Said contactS When 
oscillations transferred to said power amplifier 
tube cease. 

6. In a systein for protecting electron tubes, the 
combination of an oscillator tube, a power ampli 
fier tube, oscillation circuits intercoupling Said 
tubes, a source of potential for energizing Said 
oscillator tube, and electromagnetic means COin 
troiled by said power amplifier tube for modify 
ing the character of the potential Supplied to Said 
oscillator tube when oscillations in Said OScilla 
tion circuit Cea.Se. - 

7. In a system for protecting electron tubes, 
the combination of an election tube OScillator 
including cathode, control grid, anode and shield 
grid eiectrodes, oscillation circuits interconnect 
ing said electrodes, a power Supply Source Con 
hected with Said electrodes, a power amplifier 
adapted to derive osciliatory energy from said 
oscillation circuits, and a relay connected with 
said power anpifier for effecting a reduction in 
potential supplied to certain of said electrodes of 
said osciliator tube from said power Supply source 
Whe oscillations in Said CSciliatioin circuit cease. 

8. In a Systein for protecting election tubes, the 
combination of an election tube OScillator includ 
ing cathode, control grid, anode and shield grid 
electrodes, osciation circuit.S. interconnecting 
said electrodes, a power supply source connected 
with said electrodes, a power annplifier adapted 
to derive oscillatory energy from Said oscillation 
circuits, and a relay connected. With Said power 
annplifier for reducing the potential applied to at 
least one of said electrodes when oscillations in 
said oscillation circuits cease. 

9. In a systein for protecting electron tubes, 
the combination of an electron tube oscillator 
including cathode, control grid, anode and shield 
grid electrodes, oscillation circuits interconnect 
ing said electrodes, a power supply source con 
nected With Said electrodes, a power amplifier 
adapted to derive oscillatory energy from said 
oscillation circuits, and a relay connected with 
said power amplifier for reducing a potential Sup 
plied to said shield grid and anode from said 
power supply Source when the oscillations in said 
oscillation circuits cease. 

10. In a system for the protection of electro 
tubes, an electron tube oscillator including cath 
ode, control grid, anode, shield grid and space 
charge grid electrodes, Oscillation circuits inter 
connecting said electrodes, a power supply source, 
connections for normally energizing said elec 
trodes from said power Supply source for effecting 
the generation of oscillations, a power amplifier 
tuitoe coupled to and deriving oscillatory energy 
from Said oscillation circuits, a relay comprising 
an actuating winding connected with said power 
amplifier tube, sets of contacts controlled by said 
relay Winding, resistors disposed in circuit With 
each of said Sets of contacts, said source of poten 
tial and said anode and said shield grid elec 
trodes, said contacts being normally maintained 
closed for shunting said resistors for effecting the 
generation of OScillations and operating when 
OScillations cease in Said power amplifier tube for 

90 

95 

00 

5 

O 

120 

125 

130 

40 

4. 5 

effectively including said resistors in circuit with 150 

  



O 

20 

25 

30 

3 5 

40 

4. 5 

50 

55 

60 

5 

1938,160 
said electrodes for reducing the potential supply 
thereto from said Source of potential. 

11. In a System for protecting electron tubes, 
an electron tube oscillator including cathode, 
space charge grid, control grid, anode and shield 
grid electrodes, OSciilation circuits interconnect 
ing Said electrodes, a power Supply Source for Said 
electrodes, a power amplifier coupled to said os 
cillation circuits, resistoi's disposed between said 
potential source, said Space charge grid, Said 
anode and said shield grid electrodes, a relay 
including an actuating Winding connected with 
said power amplifier, and sets of contacts con 
nected in shunt with Said resistors, said actuating 
Winding nor:nally maintaining Said SetS Of coil 
tacts closed when the OScillations in Said oscilla 
tion circuits exist and operating to open Said 
contacts upon cessation of oscillations in Said 
oscillation circuit for effectively including Said 
resistors in circuit between said potential Source, 
said Space. charge grid, Said anode and Said shield 
grid for simultaneously reducing the potential 
thereon. 

12. In a systern for protecting electron tubes, 
an oscillator tube including cathode, control grid, 
anode and shield grid electrodeS, OSciliation cir 
cuits interconnecting said electrodes, a power 
Supply Source connected with Said OScillation cir 
cuits, a power amplifier tube coupled to Said oscil 
lation circuits, a reiay controlled by said power 
aimplifier tube, and means actuated by said relay 
for modifying the potential applied between said 
cathode and at ieast one of the other electrodes 
when Oscillations cease in Said oscillation circuits. 

13. In a systein for protecting electron tubes, 
an electron tube osciliator, including cathode, 
control grid, space charge grid, anode, and shield 
grid electrodes, osciliation circuits interconnect 
ing Said electrodes, a power Source for said oscil 
lation circuits, a power armplifier tube coupled to 
said oscillation circuits, and means controlled by 
Said power ainplifier tube for effecting a reduction 
in potential from Said power Source on said space 
charge grid when oscillations through said oscil 
lation circuits cease. 

14. In a System for protecting electron tubes, an 
electron tube oscillator including cathode, con 

65 

7 
trol grid, Space charge grid, anode, and shield 
grid electrodes, oscillation circuits interconnect 
ing said electrodes, a power source for Said OScilla 
tion circuits, a power amplifier tube coupled to 
Said OScillation circuits, and means controlled by 
said power amplifier tube for effecting a reduc 
tion in potential from said power source on both 
Said space charge grid and Said Shield grid Simul 
taneously upon the cessation of oscillations 
through Said OScillation circuits. 

15. In a System for protecting electron tubes, 
an electron tube oScillator including cathode, con 
trol grid, anode and shield grid electrodes, Oscil 
lation circuits interconnecting said electrodes, a 
power Source connected with Said OScillation cir 
cuits, a power amplifier coupled to said oscilla 
tion circuits and means controlled by said power 
amplifier for effecting an increase in negative po 
tential On Said control grid. With respect to the 
filament from said power source upon cessation 
of Oscillations in Said oscillation circuits. 

16. In a System for protecting electron tubes, 
an electron tube oscillator including cathode, con 
trol grid, anode and shield grid electrodes, a 
power Source connected with said oscillation cir 
cuits, a power amplifier coupled to said oscillation 
circuits, a relay controlled by said power ampli 
fier and circuits actuated by said relay for effect 
ing an increase in potential on the control grid of 
Said OScillator tube when oscillations through said 105 
OScillation circuitS cease. 

17. In a System for protecting electron tubes, 
an electron tube oscillator including cathode, con 
trol grid, anode and shield grid electrodes, oscilla 
tion circuits interconnecting said electrodes, a 
power source for said oscillation circuits, a power 
amplifier coupled to Said oscillation circuits, 
means for applying a predetermined potential on 
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Said control grid from said power source for sus 
taining a normal condition of oscillation in said ib 
Oscillation circuit, a relay controlled by said pow 
er airplifier tube and imeans actuated by said 
relay for modifying the potential on said control 
grid when Oscillations through said oscillation. 
circuits cease. 120 
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