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Patented Nov. 10, 1942 2,30,268 

UNITED STATES PATENT OFFICE 
. . . 2,80,268 

sound RECoRDINGAPPARATUs 
John B. Gehman, Indianapolis, Ind., assignor to 

Radio Corporation of America, a corporation 
of Delaware 

Application August 29, 1941, Serial No. 408,866 
6 Clains, 

This invention relates to sound recording ap 
paratus and more particularly to a ground noise 
reduction amplifier for use in recording Sound. On 
film and is an improvement on the amplifier of 
my application No. 362,581, filed October 24, 1940. 
It has heretofore been proposed, as for example 
in McDowell Reissue Patent 21,889, to reduce the 
ground noise produced by the transmission of 
light through the transparent portion of a sound 
record film by rendering that transparent portion 
opaque over an area corresponding to the en 
velope of the recorded sound waves. This is or 
dinarily done as described in the said McDowell 
patent by interposing a shutter in the recording 
light beam and causing the shutter to follow the 
envelope of the Sound waves being recorded so 
as to leave a corresponding transparent area, on 
the negative. This sound record which when 
printed onto the sound record produces a corres 
sponding opaque area. In the recording of vari 
able density sound records a corresponding pro 
cedure has been used by varying the opening of 
the light valve or intensity of the glow lamp as 
the case may be, so that at low sound intensities 
the average light transmitted to the negative is 
comparatively little, increasing with the sound 
amplitude and thereby increasing the average 
density of the negative Sound record with ampli 
tude and conversely reducing the average den 
sity and light transmission of the positive soun 
record at low amplitudes, 
The amplifier shown in the McDowell patent 

was reasonably satisfactory for the purpose but 
improvements in the standards of quality of 
sound recording and reproduction have been so 
great that improvement in the ground noise rea 
duction amplifier has been continually required. 
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that of my earlier application in that, on the 
application of a signal within predetermined lires 
its, the ground noise reduction device is opened 
by a predetermined amount and stays at that 
opening for a predetermined time unless a sigs 
nal of greater amplitude should follow within that 
time and cause further opening, as in the earlier 
application, but the limits and holding time are 
both adjustable. 
This is accomplished by the use of a series of 

gas tubes which operate at different potentials. 
The use of gas tubes operating at different poten 
tials to secure a step by step control is broadly 
shown in Strieby Patents Nos. 76,82i and 
1,776,822, issued September 30, 1930. In those 
patents, however, neon tubes are used for the 
purpose which require the application of high 
voltages to secure their operation, and the cur 
rents passed through the tubes are used to act.- 
ate the controlled mechanism. 
In this apparatus, provide an arrangement of 

gas filled hot cathode tetrodes which are used to 
control the vacuum tube. amplifiers supplying op 
erating current to the ground noise reduction 
shutter. With this arrangement, the gas tubes 
may control the timing independently of the ana 
plitude of the currents controlled and they may 
be set to operate at much lower voltages than 
required by the tubes of the Streby patents so 
that a much greater raiage of. Volume may be 
controlled. The amplifier tubes connected to the 
successive gas tubes are arranged to control an 
improved type of direct current amplifier which 

One deficiency of early types of amplifiers has 
been that they tended to follow the wave form 
of the Sounds being recorded too closely. An 
other disadvantage has been that when a sound 
Consisted of a series of peaks spaced at intervals 
large in proportion to the tinning of the peaks 
the amplifier tended to clip the peaks. Another 

...disadvantage has been that with the more usual 
types of amplifiers it has been difficult to provide 

AO 

8, device which would open rapidly and close slow 
ly. In an ideal type of amplifier the amplifier 
should open as rapidly as required without pro 
ducing thump and should maintain to opening 
level for a predetermined time after cessation of 
the signal before starting to close as described 
in my application Serial No. 362,581, fled October 
24, 1940. 

actuates the ground noise reduction apparatus. 
One bject of the invention is to provide an 

improved type of ground noise reduction timing 
circuit. 
Another object of the invention is to provide 

an improved control circult which is capable of 
any required adjustment as to time constants, 
Another object of the invention is to provide 

an improved amplifier having an A-C. input and 
a D.-C, output. 
Another object of the invention is to provide 

such an amplifier which will have greater stables 
ity than that described in my prior application. 
Another object of the invention is to provide 

such an amplifier which will be simpler than that 
described in my prior application. 
Another object of the invention is to provide 

such an amplifier in which the holding time of 
the several steps is separately adjustable. 
Other and incidental objects of the inventioi 

will be apparent to those skilled in the art fron 
The present amplifier is an improvement on 55 a readfing of the following Specification and an 

  



2. 
insection of the accompanying drawings in 

' which: 
Figure 1 is a schematic wiring diagram of the 

inproved amplifier, 
Figure 2 is a curve showing the output of the 

amplifier in milliamperes plotted against the rel 
ative input in decibels, 

Figure 3 is a curve showing the capacitor 
charging time plotted against charging voltage, 
and 

Figure 4 is a curve showing output current 
plotted against output time. 
The speech amplifier is illustrated in the upper 

left portion of the figure and is of more or less 
conventional type, but is designed to give a maxi 
mum output voltage of approximately 300 at 

0 

5 

maximum input corresponding to 100 percent 
modulation of the sound track. In this amplifier, 
the speech input is applied through the trans 
former 9 across the 100,000 ohm potentiometer 
9, which determines the portion of the input 

signal applied to the control grid of the tube 
which is preferably of the commercial type known 
as the 6JT. This tube is provided with a cathode 
resistor 2 having a value of approximately 470 
ohms and with a screen dropping resistor 3 of 
1200,000 ohms bypassed by the capacitors 23 and 
23 of 5 and 2 mfd. respectively. The 220 volt 
positive potential is supplied to the screen and 
plate through the 15,000 ohm resistor 5 and is 
fed to the plate through the 220,000 ohm resistor 
4. The output from the tube is applied to 
the tube 9 through the 0.1 mi?d. condenser 24, 
grid bias being applied through the 390,000 ohn 
resistor. 
The tube 9, which is preferably of the type 

known as the 6F6, is provided with the usual 
cathode biasing resistor 20 of 680 ohms. De 
generation is provided by feedback from the plate 
of the tube is through the resistor 8 having a 
resistance of 100,000 ohms and the filter Com 
posed of the resistor is of 180,000 ohms and the 
capacitor having a value of .025 mi?di. The out 
put of the tube 9 is fed to the transformer 2 
through the 1.0 m foil. capacitor 28, and thence 
to the input of the step amplifier. Direct current 
st a potential of 220 volts is supplied through the 
power supply terminals 2 and 28 and is fed to 
the plate of the tube is through the reactor 25 
having an inductance of 40 henry's at 18 m. a. 
D. C. The output from the speech amplifier is 
applied across the five potentiometers 40, 5, 6, 

and 8 in the five stages of the step amplifier. 
It will be apparent to those skilled in the art 
that a greater or lesser number of stages may be 
used according to the number of steps required. 

Between the potentiometers and the gas tubes 
36, 3, 32, 33, 34 there are provided 1 megohm 
protective resistors 42, 53, 63, 72, 32 so that un 
usually high signals will not injure the tubes and 
so that a maximum signal will not injure the 
tube adjusted to respond to the minimum signal. 

f'he tubes 3, 32, 32, 33, 34 are preferably gas 
tetrodes of the type commonly known as the 
RCA 2051, although the RCA. 2050 tubes may be 
used. These tubes in the circuit shown will trig 
ger at a voltage of approximately two volts on 
tie grid, and the potentiometers are so adjusted 
is the successive stages that this voltage is applied 
at the appropriate volume level in the recording 
apparatus. The second grid of each of these 
tubes is connected to the cathode as shown. 

Potential is applied to the plate of the tubes 
3, 31 32, 33, 34 through the resistors 45, 56, 66, 
Sand 86, each of 330,000 ohms. 
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2,801,268 
The present circuit differs from that of my 

earlier application, among other things, in the 
timing circuit. In the circuit of my earlier appli 
cation-the timing was controlled entirely by the 
resistors corresponding to 45, 56, etc. In the 
present circuit provide a resistor connected be- . 
tween the plate and grid return of each of the 
gas tubes in shunt to the timing capacitors and 
this resistor may be made adjustable to control 
the timing of the individual stages. 
The stage marked A will first be described in 

detail. In this stage the potentiometer 40 has 
a resistance of 250,000 ohms while the fixed re 
sistor 4 has a resistance of 220,000 ohms, the re 
sistor 42 having a resistance of one megohm as 
above described. The capacitor 44 has a ca 
pacitance of .025 mi?d. and the resistor 43, which 
may be variable, has a resistance of 6.8 megohms. 
When the tube 30 is triggered the capacitor 44 
discharges through the resistor 94 of 2200 ohms 
which determines the discharge time, which, in 
the present instance, is approximately 20 micro 
seconds, to ten percent of charge at which point 
the resistor 45 causes such a voltage drop that 
the necessary drop of 14 volts across the tube 3 
cannot be maintained and the tube then becomes 
non-conductive. After the discharge the ca 
pacitor 44 starts to charge through the resistor 
45 but if between this time and full charge an 
other impulse is received it will again discharge 
the capacitor 44 down to 14 volts. This arrange 
ment causes a sawtooth wave to be applied to the 
grid of the tube as shown in Fig. 3 of the drawn 

Due to the fact that the tube 30 being a gas 
tube is either conductive or non-conductive, the 
wave shape produced by the output of the tube 
30 and therefore by the output of the tube 35 
is that shown in Fig. 4. It will be apparent that 
if a second impulse occurs during the hold-over 
time indicated in Fig. 4 it will move the beginning 
of the closing time to the right in that figure 
without affecting the amplitude of the opening 
on that particular stage. 
The timing of the tube 3 is determined by 

two different factors, the charging time of the 
capacitor 44 is determined by the resistors 43 and 
45 acting as if they were in parallel and varia 
tion of the capacitor 43 will correspondingly affect 
the charging time. In addition to this effect the 
resistor 43 changes the grid bias on the tube 
30. Decreasing the value of the resistance will. 
increase the bias, making the operating point 
nearer cut-off and increasing the holding time 
while at the same time, as pointed out above, the 
decrease in the value of this resistor will decrease 
the charging time. 
Although the opening time of the individual 

stage is approximately 120 microseconds as de 
scribed above, the opening time applied to the 
ground noise reduction apparatus is determined 
by the filter circuit 90, 9 described in more detail 
hereinafter. 
When no signal is applied to the apparatus the 

potential in the capacitor 44 is built up to its 
maximum and the tube 35 is biased to its normal 
current by a negative grid bias of five volts. 
When a signal is applied sufficient to trigger the 
tube, the tube 30 immediately becomes highly 
conductive and the capacitor 44 discharges 
through the tube 30, as described above. This 
promptly raises the negative grid potential on 
the tube 35 considerably beyond the cut-off of 
the tube 35 and causes the corresponding Open 
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ing of the ground noise reduction shutter or 
other device through the D. C. amplifier 100. 
. As pointed out above, each of the tubes 85, etc., 
is biased considerably above cut-off when the 
corresponding tube 30 is triggered. Due to this 
increased bias, the tube 35 does not begin to con 
duct until the charge on the corresponding ca 
pacitor 4 has built up to an appropriate value 
through the resistor 45. The tube 35 will then 
gradually become conductive following an ex 
ponential curve determined by the charging rate 
of the condenser 44 through the resistors 3 and 
45 effectively in parallel. 
ment, the output curve of a single stage will re 
main fiat for a length of time determined by the 
time required for the capacitor 4 to reach the 
cut-off potential of the tube 35 from the rela 
tively greater negative potential applied to the 
grid of tube 35 and, after reaching this point, 
the tube 35 will follow an exponential curve in 
becoming conductive. The timing of the ex 
ponential curve may be varied by changing the 
capacitor 44 or the resistor 43 or 45 or either of 
them, while, with any given timing for this time 
circuit, the length of time during which the tube 
remains non-conductive after cessation of a sig 
na is determined by the excess of negative volt 
age applied to the grid of the tube 35. With this 
arrangement, if the shutter is opened to a given 
amount and the signal Suddenly decreases and 
thereafter immediately increases to its original 
value within the time of constant level, the shut 
ter will not change in its position. 
When the capacitor 44 has discharged to a po 

tential corresponding to the minimum plate volt 
age on the tube 30 which is approximately 14 
volts the potential on the grid of the tube 30 
again takes control and the tube becomes non 
conductive. Potential then builds up on the ca 
pacitor 64 through the resistor 45 until either 
the capacitor 44 is charged to maximum po 
tential or a Subsequent signal has again triggered 
the tube. It will be apparent from this that each 
stage, including the tubes corresponding to the 
tube 36 and the tube 35, constitutes a separate 
Sawtooth oscillator triggered by the input signal 
and having a periodicity determined approxi 
mately by the capacitor 44 in the resistors 3 and 

. 
In this circuit, as in most sawtooth oscillators, 

the frequency is varied to a certain extent by the 
frequency of the applied signal. If a signal of 
sightly varying level approximating the level for 
which any one stage is set were applied, there 
would be a tendency for that stage to turn on 
and of irregularly, and this is prevented by the 
portion of the circuit next described. 
The power supply of 220 volts is applied at the 

terminals indicated. - 
The stages B, C, D and E differ slightly from 

the stage A. In stage B the resistor 5 has a 
value of 330,000 ohms, the potentioneter 5 has 
a resistance of 100,000 ohms, and the resistor 52 
has a resistance of 56,000 ohms. The resistor 53 
has a value of one megohm, resistor 54 6.8 meg 
ohms, and the capacitor 55.025 mfcd. as in stage 
A. In the stages C, D and E the resistors 63, 72 
and 82 likewise have a value of one megohm and 
the variable resistors 64, 3 and 83 each have 
a value of 6.8 negohms maximum. The ca 
pacitors 63, 74 and 84 likewise have a value of 
.025 mifd. In stage C the resistor 60 has a value 
of 470,000 ohms, the potentiometer 6 s resist 
ance of 50,000 ohms, and the resistor 62 a re 

O 

Due to this arrange 
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sistor 70 has a value of 470,000 ohms, while the 
potentiometer 2 has a resistance of 10,000 ohns 
and in stage E the resistor 80 has a resistance of 
470,000 ohms and the potentiometer a re 
sistance of 5,000 ohms. 

It will be apparent from the foregoing that the 
voltage dividers for applying potential to the 
grids are chosen according to the signal level 
to which the Several stages are to respond. In 
the arrangement shown, satisfactory triggering 
levels and ranges for the Successive stages on the 
basis of a maximum level of Zero db. (6 m. w. 
ref.) and a ninimum level of -60 db. Inay be: 

-50 db. for stage A, -54 db. to -45 db. 
-35 db. for stage B, -42 db. to -33 db. 

Level-20 db. for stage C, Range-33 db. to -14 db. 
-10 db. for stage D, -16 db. to max. level 
-4 db. for stage E. -8 db. to Inax. level 

. The opening time may be 10 to 12 milliseconds 
and the closing time 40 to 45 milliseconds. 
The foregoing levels plotted as input in decibels 

against Output of the D.-C. anpifier in milli 
amperes is shown in Figure 2. 
The tube 96 is preferably of the type known as 

an RCA VR-105/30, which is a unidirectionally 
conducting tube establishing a voltage drop of 
105 volts, and limits the potential between the 
midpoint of the resistors 93 and 96 and the lead 
to the cathodes of the tubes 35, 86, 8, 38, 39 to 
105 volts, leaving the balance of potential of 230 
volts or 70 volts distributed between the 10 ohn 
resistor 95 and the 22,000 ohm resistor 92. Due 
to this arrangement, when one of the gas tubes 
becomes conducting and plate current starts to 
flow, since the potential difference between the 
resistor 95 and the cathode lead of the tube 35 
is maintained constant at 105 volts, an increase 
in the drop amounting to approximately a volt 
occurs across the resistor 95 for each stage trig 
gered, thereby decreasing the grid bias applied 
to the tubes 30, 3 , etc., by a corresponding 
amount and causing the tubes 30, etc., to remain 
conductive as long as the input signal does not 
fall nore than one-half volt below the signal 
which originally turned on that particular stage. 
Conversely, when the input signal drops more 
than one-half vot below that which originally 
turned on the stage, that stage becomes inop 
erative and remains so until the signal reaches 
the original trigger level. 
The resistor 95 which controls the lock-in volt 

age would not have a proportionate value in ex 
cess of that above assigned to it and it may well 
on occasion have a lower value. If the lock-in 
voltage produced by the resistor 95 is too high, 
it will produce an appreciable difference between 
the instantaneous and the continuous peak volt 
age to which the higher stages will respond. 

Since each of the stages of the step annplifier 
is, as pointed out above, substantially a sawtooth 
Oscillator, there is a tendency for the device to 
produce a buzz which is applied across the re 
sistor 94 and thereby applied to the utriggered 
stages through the condensers 66, 53, etc., of 
each of then. The untriggered stages transmit 
the buzz to the ground noise reduction appara 
tus. This buzz may be eliminated from the out 
put by the provision of a bypass condenser 9 . . 
This condenser should have a capacity of not 
less than 1 mfcd. 
The output from the step amplifier is fed to 

the shutter amplifier illustrated in the upper 
right hand portion of the figure. Although this 
is called a shutter amplifier, it will be understood 
that it can be used to operate either a ground 

sistance of 10,000 ohms. In the stage D the re- 5 noise reduction shutter such as referred to above 

W, 
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or a shutter such as commercially used in variable 
density recording, or the output may be applied 
in an appropriate manner to any other type of 
ground noise reduction apparatus, volune con 
pressor, volume expander or any equivalent de 
vice. Although the output from the step ampli 
fier might be sufficient to operate the shutter or 
other device, the shutter amplifier is necessary 
in order to isolate the output circuit, as other 
wise the inductance, etc., of the output circuit 
might form a resonant circuit with the capaci 
tor 9 of the hump filter. 
The output from the step amplifier is applied 

across the potentiometer 9 which is bypassed by 
the 1.0 mfc. capacitor 9. This potentiometer 
preferably has a resistance of approximately 
3,000 ohms and with the capacitor S constitutes 
a thump filter. As pointed out above, the SeV 
eral step amplifier stages open very rapidly 
practically at radio frequency. In the applica 
tion of the output of the step anplifier to ground 
noise reduction apparatus, it is necessary to slow 
this action down to an inaudible frequency, as 
otherwise the step action of the amplifier will be 
reproduced as a click or thump. The particular 
filter arrangement shown per its an Opening 
time of approximately 10 to 12 milliseconds, 
which is below the normal frequency range 
transmitted by present theater amplifiers or re 
produced by the present commercial types of 
speakers. Since the output from the step an 
plifier is direct current and at a fairly high posi 
tive potential, it is necessary to provide an ap 
propriate potential across the resistors 98 and 99 
between the contact to the potentiometer 9 and 
the grid of the tube C. the potential applied 
to the control grid of the tube is is determined 
by the potentionetter 8. The tube e is pref 
erably RCA type 6F6 and may be provided with 
an adjustable cathode bias resistor of 1500 
ohns sistance. The resistor 56 may have a 
resistance of approximately 10,000 ohms and the 
tube 3 is preferably the RCA type known as the 
WR-150/30 which provides a drop of 150 volts. 
It will be apparent that the tube , the tube 
33, the resistor G and the resistor 02 form a 
bridge circuit and the ground noise reduction 
apparatus is connected across this bridge circuit 
at 5. In the particular arrangement shown, 
an increase in speech input across the trans 
former 8 cases a decrease in potential drop 
across the resistor S, thereby decreasing the bias 
on the tube and increasing its plate current. 
In current connercial practice, the load 

resistance of a ground noise reduction shutter 
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such as confected at is approximately 0. 
ohms and it requires a maximum current of 30 
milliamperes. When the apparatus is properly 
adjusted, the resistor 8 is so adjusted 
that there is at least 30 
rent through the load when the tube 53 is biased 
to cut-off. There is 50 volts drop across the 
tube 3 with a current of 35 milliamperes 
through it and 5 milliamperes of current passing 
through the resistor 2 to keep the tube 93 in 
operation. With a supply current of 220 volts 
there is a 70 volt drop across the resistor 2 and 
a 21 volt drop across the 700 ohm load at . 
The joltage drop across the tube is then 
volts and that across the resistor is 49 volts. 
When the circuit is thus connected, the contrhl 
grid of the tuba becomes more positive on 
increase in output from the speech amplifier and 
draws current since the voltage across the te 

nian Ares cura. 60 
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3,301,368 
rent drawn by the tube OG increases, that per 
mitted to pass through the load at 04 may de 
crease to zero. 

If it is desired to use this circuit to operate a 
variable density shutter wherein the shutter cur 
rent is required to increase with increase in sig 
nal current, the shutter may be inserted in place 
of the resistor O and the tube 03 is removed, 
In this arrangement, the increase in current 
through the tube 00 causes a corresponding in 
crease in current through the load. 

It will be apparent to those skilled in the art 
that the invention is not limited to the exact 
construction before described but that the con 
struction and characteristics of the apparatus 
may be greatly varied within the scope of the 
invention. In the apparatus above described, if 
a gradually increasing signal is applied to the 
speech amplifier, the step amplifier will increase 
its output step by step as the signal gradually in 
creases until the maximum output is reached. 
If the signal is then completely removed all the 
timing circuits which are similar will cause the 
output of the Several stages of the step amplifier 
to decrease simultaneously, and the output will 
drop to zero at the time determined by any one 
of the timing circuits. If the signal decreases 
gradually, the output will decrease step by step 
at the end of the closing time determined by 
the timing circuit of each step. 
The characteristics of the opening timing cir- m 

cuit 90, 9 may be varied as desired according to 
the characteristics of the apparatus with which 
the amplifier is to be used, but it should be kept 
in mind in making any such variation that the 
ground noise reduction apparatus should open as 
rapidly as possible without producing any audi 
ble thump. , 

claim as my invention: . 
1. In a trigger type amplifier, a gas type trig 

ger tube including a control grid, a vacuum 
type amplifier tube, means for applying a 
plate potential to said trigger tube and a grid 
potential to said amplifier tube, a tinning circuit 
including a capacitor shunted by a resistor con 
nected between the plate and cathode of said 
trigger tube, means for applying a grid bias to 
said trigger tube, and means for applying a 
signal to the grid of said trigger tube. 

2. In a trigger type amplifier, a gas type trig 
ger tube including a control grid, a vacuum type 
amplifier tube, means for applying a plate poten 
tial to said trigger tube and a grid potential to 
Said amplifle tube, a timing circuit including a 
capacitor shunted by a resistor connect...d be 
tween the plate and cathode of said trigger 
tube, means for applying a grid bias to said 
trigger tube, means for applying a signal to the 
grid of said trigger tube, and means for de 
sing said grid bias on the triggering of said 
e M 

3. In a trigger type step amplifier, a plurality 
of step stages in parallel, each including a gas 
type trigger tube including a control grid, a 
Vacuum type amplifier tube, means for applying 
a plate potential to said Eigger tube and a grid 
potential to said amplifier tube, and a tinning 
circuit including a capacitor shunted by a re 
sistor connected between the plate and cathode 
of said trigger tube. 

4. In a trigger type step amplifier, a plurality 
of step stages in parallel, each including a gas 
type trigger tube including a control grid, a 
vacuum type amplifier tube, means for apply 

96.3 remains constant at 150 volts. S the cur- 75 ing a plate potential to saidi trigger tube and 
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a grid potentiai to said amplifier tube, a timing 
circuit, 3rcluding a capacitor shutted by a re 
sistore connected between the plate snd Cathode 
of said trigger tube, means for applying a grid 
bias to said trigger tube, and means for apply 5 
ing a signal of different amplitude to the grid 
of each of said trigger tubes. 

5. In a trigger type step armplifier, a plurality 
of step stages in parallel, each inciding & gas 
type trigger tube including a control grid, a 
vacuau type amplifier tube, means for applying 

S 
type trigger tube including a control grid, a 
vacuum type 8inplifier tube, means for applying 
a plate potential to said trigger tube and a grid . 
potential to said fiagiiie fibe, a tinating circuit 
including a capacitor Siirated by a resister co 
nected bettee the plate and cathece of said 
trigger tille, nearns for applying a grid big to 
said trigger tube, Kaeans for applying a signal of 

O 

a plate potential to said trigger tube and a grid 
potential to said amplifier tube, a tinning circuit. 
inciuding a capacitor shunted by a resistor con 
nected between the plate and cathode of said 
trigger tube, means for applying a grid bias to 
said trigger tube, means for applying a signal 
of different amplittade to the grid of each of said 
trigger tubes, and Eleans for decreasing said 
grid bias on the triggering of each of Said tubes. 

6. In s trigger type step amplifier, a plurality 
of step stages is parale, each including a gas 

20 

different at applitude to the grid of each of ssid 
trigger tubes, and Ene&as for decreasing said 
grid bias or the triggering of each of said tubes, 
said bias-decreasing means inciading a voltage 
divider having in Sequence vacuun tube late 
voltage, trigger tube plate voltage and trigger 
tube grid voltage sections, the cathodies of the 
Vacuitar, tubes being connected to the positive end 
of the trigger tube plate voltage section, and 
a constant voltage device connected across the 
trigger the plate voltage and trigger tube grid 
voltage portions of said divider only. 
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