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GASEOUS DISCHARGETUBE CIRCUIT 

Dana A. Griffin, North Plainfield, N.J., assignor 
to Dana A. Griffin, William J. Hammond, and 
Brunson S. McCutcheon, copartners, doing 
business as Communication. Measurements 
Laboratory, New York, N.Y. 
Application April 20, 1945, Serial No. 589,323 

(C. 315-10) 5 Claims. 
1. 

This invention pertains to electrical circuits 
and apparatus for the accurate firing of gaseous 
discharge tubes at a desired repetition rate. 
An object of the invention is to provide means 

whereby the gaseous discharge tube, such as a 
“glow discharge” tube, may be fired with great 
precision a desired number of times per Second, 
thus causing the tube to become a source of strob 
oscopic light. 
Another object is to provide means for main 

taining the output of stroboscopic light at a high 
and relatively constant level over a wide range of 
firing frequencies. 

Still another object is to provide a Source of 
accurately timed, unidirectional pulses of high 
amplitude. 
Other objects will be apparent from the follow 

ing detailed explanation, having reference to the 
drawings in which: 

Fig. 1 shows, in circuit diagram form, a pre 
ferred modification of the invention in which 
the firing pulses are applied directly to the elec 
trodes of the gaseous discharge tube; While 

Fig.2 shows an alternate modification in which 
the firing pulses are applied indirectly to Said 
tube. 
Attempts to use two-electrode, gas-filled tubes, 

such as a “glow discharge' tube, as a Source of 
stroboscopic light, have heretofore proved rather 
unsatisfactory, due to the fact that the firing 
voltage of such a tube does not remain constant. 
That is to say, if the tube is fired by permitting 
a condenser to charge through a resistance once 
every cycle, unavoidable variations in the igni 
tion voltage required by the tube, from time to 
time, will cause it to fire at different parts of the 
condenser charging cycle, for the different cycles, 
thus producing light pulses which are unevenly 
spaced in time, with obviously unsatisfactory 
results when viewing objects in motion, by inter 
mittent or stroboscopic light effectS. 
I have discovered, in accordance with one aspect 

of my invention, that if the tube is fired by a 
radio frequency pulse which takes only about a 
millionth of a second to build up to the maximum 
firing voltage, any irregularities in the firing Wolt 
age required by the tube, from time to time, Will 
produce negligible errors in firing times, even 
though the repetition rate may be relatively high, 
for example, on the order of ten thousand cycles 
per second or more. 

Referring now to Fig. 1, the block diagram 1 
represents a square wave generator, such as a 
relaxation oscillator, the output of which is im 
pressed across a “peaker” circuit, comprising 
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Series capacity 2 and resistance 3, thereby to 
produce for each square wave of input a sharply 
peaked positive pulse and a sharply peaked nega 
tive pulse, of extremely short time duration. 
The upper terminal of resistance 3 is connected 

to the control grid 4 of a screen grid electronic 
tube 5, the lower terminal of this resistance being 
grounded as shown. Also, the indirectly heated 
cathode 6 of the tube is directly grounded, as 
shown, whereby the positive and negative voltage 
impulses, developed as aforesaid, across resistance 
3, are impressed upon the input to tube 5. The 
anode 7 of Screen grid tube 5 is energized from a 
Source of direct current voltage 8, having its 
negative terminal grounded as shown, and its 
positive terminal connected through a resistance 
9 to anode 7. Likewise, positive voltage from 
Source 8 is supplied to the screen grid f C of the 
tube through another resistance . In addi 
tion, the Screen grid is connected to the ground 
through a by-pass condenser 12 for filtering off 
high frequency components. 

It Will be observed that no negative biasing 
Voltage is applied to the control grid 4 of tube 5, 
So that the space current which flows between 
cathode 6 and anode 7 is determined principally 
by the potential of the high voltage plate supply 
8, and by the value of the resistor 9 in the plate 
circuit. When no pulses are being applied to 
the control grid 4, the plate 7 will be at a rela 
tively low positive potential, owing to the relative 
ly high plate current Voltage drop across resistor 
9. For the positive input pulses impressed on the 
Control grid by the peaker circuit, the plate 7 
Will aSSume an even lower positive potential, 
Owing to the increased plate current flowing 
through resistor 9. On the other hand, for nega 
tive input pulses applied to the control grid, by 
the peaker circuit, the Space current in tube 5 will 
be cut off and hence the potential of plate 7 will 
rise to the full positive potential of the high volt 
age plate Supply 8. 
The instantaneous plate voltage of tube 5, de 

veloped as aforesaid, is impressed through a 
blocking condenser 3 and across a grounded 
resistor f4 between the screen grid 5 and the 
cathode 6 of a Screen grid tube 7 arranged to 
operate as a high frequency oscillator by virtue 
of a coil 8 connected between the control grid 
9 and the anode 2 of tube . The cathode 
6 is maintained positive with respect to the 

control grid 9 by means of a plate current bias 
ing resistor 2, connected between the cathode 
and ground, and shunted by a by-pass condenser 
22. Coil 8 is tapped to ground, at an interme 
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diate point thereof, through a blocking condenser 
23a, whereby said intermediate point of coil 8 
is effectively tapped to the cathode, through con 
densers 22 and 23a, for arranging the circuit to 
provide sustained oscillations. The plate 20 of 
tube f is connected through the upper half of 
coil 8 to the positive terminal of the direct cur 
rent high voltage source 8, for energizing the 
plate circuit of the tube. 
With the circuit as thus arranged, coil f8 is 

preferably of such size as to cause tube 7 to 
Oscillate at about two million cycles per Sec 
ond, when appropriate direct current potentials 
are applied to the plate and Screen grid elec 
trodes. It will be observed, in this connection, 
that the screen grid 5 is normally at ground 
potential, owing to its connection to ground 
through resistance 4. Under such conditions, 
the tube is arranged to oscillate very feebly. 
When, however, tube 5 goes to cut-off, under the 
influence of a negative pulse applied thereto by 
the peaker circuit as above explained, a large 
instantaneous positive potential is applied 
through blocking condenser 3 to the screen grid 
5 of tube , whereby this tube oscillates strong 

ly for the duration of such positive pulse. In 
other Words, during this interval, a short pulse 
of high amplitude, radio frequency energy is gen 
erated by tube . 
The coil 8 in the output circuit of oscillator 

tube constitutes the primary winding of a 
transformer, the secondary winding 23 of which 
is connected through a blocking condenser 24 
between the electrodes of a two-electrode, gas 
illied or "glow discharge' tube 25. Accordingly, 
when the oscillator tube i is pulsed, in the man 
ner above explained, strong radio frequency OS 
cillations flow in the transformer primary 8 and 
are picked up by the transformer secondary 23 
and applied to the terminals of the glow dis 
charge tube 23, causing the gas path of said tube 
to ionize, thereby to produce a resultant pulse 
of light. 
The invention, as described thus far, is capable 

of producing Satisfactory stroboscopic light, so 
long as a high repetition pulsing rate is employed. 
When, however, the repetition rate is low, the 
light is emitted by tube 25 during such a small 
fraction of tine that its average intensity is too 
low for effective stroboscopic illumination. This 
difficulty is overconne, in accordance With a fur 
their aspect of the invention, by means of a re 
sistance-capacity, or RC circuit, consisting of 
variable condenser 26 and resistance 2 connected 
between ground and the positive terminal of 
Voltage source 8. Condenser 26 is thus charged 
fi'en Voltage Soul'ce 8 through resistance 27, and 
the charge accumulating on the condenser is 
applied through a switch 23, when operated to 
the uppel' position 29, to an electrode of the gas 
eOlls dischal'ge tube 25. With the circuit as thus 
arranged, the blocking condenser 24 is required 
to prevent grounding of the voltage source 8 at 
the grounded point 30 of the discharge tube cir 
cuit. 
The voltage of Source 8 and the values of ca 

pacity 28 and resistance 27, of the RC circuit, 
are so chosen with reference to the desired puls 
ing rate, as to insure that capacity 26, Will not 
charge to a potential high enough to fire tube 25 
between successive radio frequency pulses sup 
plied from the oscillator fi. When, however, the 
gaseous discharge tube 25 is fired by receiving a 
pulse of radio frequency energy from the oscil 
lator tube fl, its resistance is lowered and ca 
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electrodes of the gaseous discharge tube. 

tube. 

4 
pacity 26 discharges through it, thus causing tube 
25 to emit a light pulse of high intensity. If 
a large change is made in the pulse rate of OS 
cillator tube f7, a corresponding change must 
be made in the value of condenser 26 because, if 
this capacity is too low in relation to the pulse 
repetition rate, a Sufficient charge may build up 
On it to file tube 25 before the radio frequency 
triggering pulse arrives, thus causing irregular 
performance. If, on the other hand, the value 
of capacity 26 is too large in relation to the pulse 
repetition rate, the potential of the charge built 
up in it, between pulses, may be so low as to be 
below the extinction of the discharge tube 25, in 
which event the condenser Will fail to discharge 
through tube 25, and the light produced by the 
radio frequency pulses from oscillator tube 7 
will not be intensified by the discharge of the 
condenser 26. 
An additional switch 3f, which is normally 

closed to contact 32, to provide circuit operation 
as above explained, may be used to connect the 
discharge tube 25 to any desired load circuit 33, 
in series with tube 25, by operating switch 3 
to contact 34, thus providing a convenient source 
of direct Cui'ient pulses of high amplitude. 

it will be observed that, in the modification of 
Fig. 1, the circuit including the transformer sec 
Ondary winding 23 is directly connected to the 

Fig. 2 
shows an alternative arrangement omitting any 
direct connection between the radio frequency 
Circuits and the electrodes of the glow discharge 

Thus, in the modification of Fig. 2, the 
gaseous discharge tube 25 is provided with ex 
ternal electrodes 35, 36 which may be metal, foil 
or the like, Surrounding and affixed to the out 
side of the glass envelope 3E of tube 25. These 
Cuter electrodes 35, 36 are connected, respec 
tively, to the upper and lower terminals of the 
transformer Secondary winding 23, inductively 
Coupled to the primary winding 8 of Fig. 1. The 
Operation of the modified Fig. 2 circuit, therefore, 
is essentially the same as that of Fig. 1, in that 
the puises of high frequency energy developed by 
tube f ignite the gaseous discharge tube 25 
through the action of the external electrodes 35, 
36. If the pulse repetition rate is high, the ig 
inition thus produced produces sufficient glow dis 
charge in tube 25 for stroboscopic purposes. If, 
however, the pulse repetition rate is low, the aux 
iliary RC circuit 23, 27, 2 of Fig. 2 is employed 
by Operation of switch 38 to contact 39. The 
arrangement of Fig. 2 has the advantage of com 
pletely isolating the radio frequency and direct 
current circuits from each other with respect to 
the gaseous discharge tube 25. 
What is claimed is: 
1. A Stroboscopic light source comprising: a 

gaseous discharge tube capable of emitting light 
of high intensity for short intervals of time, said 
tube having an envelope containing gas ionizable 
along a predetermined path and having ionizing 
electrodes mounted adjacent said path and said 
gas having a predetermined electromagnetic field 
ionization level; means external to said tube gen 
erating an electromagnetic energy ionizing field 
Which exceeds said level for periodic intervals of 
time, but which is less than said level between 
Said intervals, Said means generating said ioniz 
ing field comprising a low frequency electron. 
tube oscillator generating pulses having time du 
rations Substantially equal to said intervals and 
having a predetermined spacing and frequency, 
a high frequency generator generating an elec 
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tromagnetic field, said high frequency generator 
including an electron tube oscillator whose fre 
quency of oscillation is higher than said prede 
termined frequency and having means which is 
responsive to Said pulses controlling the output 
of Said high frequency generator, and means 
coupling said low frequency oscillator to said 
means controlling the output of Said high fre 
quency generator; and coupling means directly 
applying the output of said high frequency gen 
erator to said ionizing electrodes. 

2. A stroboscopic light source comprising: a 
gaseous discharge tube capable of emitting light 
of high intensity for short intervals of time, said 
tube having an envelope containing gas ionizable 
along a predetermined path and having a pair of 
ionizing electrodes mounted adjacent Said path 
and said gas having a predetermined electro 
magnetic field ionization level; means external to 
Said tube generating an electromagnetic energy 
ionizing field which exceeds said level for pre 
cisely spaced, periodic intervals of time, but 
which is less than said level between said inter 
vals, said means generating said ionizing field 
comprising a low frequency electron tube OScil 
lator generating pulses having time durations 
substantially equal to said intervals and having 
a predetermined spacing and frequency, a high 
frequency oscillator whose frequency of oscilla 
tion is higher than said predetermined frequency, 
said oscillator comprising a vacuum tube having 
a control electrode and an output electrode, and 
means coupling said low frequency oscillator to 
said control electrode; and coupling means con 
necting said output electrode to said ionizing 
electrodes. 

3. A strobOScopic light source comprising: a 
gaseous discharge tube capable of emitting light 
of high intensity for short intervals of time, Said 
tube having an envelope containing gas ionizable 
along a predetermined path and having ionizing 
electrodes mounted adjacent said path and Said 
gas having a predetermined electromagnetic field 
ionization level; means external to said tube gen 
erating an electromagnetic energy ionizing field 
which exceeds said level for Substantially only 
periodic intervals of time, said means generating 
said ionizing field comprising a low frequency 
electron tube oscillator generating a plurality of 
pulses having a predetermined frequency and 
having rapid build up times and precise Spacing 
with respect to their build up edges, each pulse 
having a duration substantially equal to one of 
said intervals, a high frequency generator gener 
atting an electromagnetic field, Said high fre 
quency generator including an electron tube OS 
cillator whose frequency of Oscillation is higher 
than said predetermined frequency and having 
means which is responsive to said pulses control 
ling the output of said high frequency generator, 
and means coupling said low frequency OScillator 
to said means controlling the output of said high 
frequency generator; and coupling means directly 
applying the output of Said high frequency gen 
erator to said ionizing electrodes. 

4. A stroboscopic light Source comprising: a 
gaseous discharge tube capable of emitting light 
of high intensity for short intervals of time, said 
tube having an envelope containing gas ionizable 
along a predetermined path and having a pair of 
ionizing electrodes mounted adjacent said path 
and said gas having a predetermined electro 
magnetic field ionization level; means external to 
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said tube generating an electromagnetic energy 
ionizing field which exceeds said level for sub 
stantially only periodic intervals of time, said 
means generating said ionizing field comprising 
a low frequency electron tube oscillator generat 
ing a plurality of pulses having a predetermined 
frequency and having rapid build up times and 
precise Spacing With respect to build up edges, 
each pulse having a duration Substantially equal 
to one of said intervals, a high frequency gen 
erator generating an electromagnetic field, said 
high frequency generator including an electron 
tube oscillator whose frequency of oscillation is 
higher than said predetermined frequency and 
having means which is responsive to said pulses 
controlling the output of said high frequency 
generator, and means coupling said low fre 
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quency OScillator to said means controlling the 
output of Said high frequency generator; cou 
pling means directly applying the output of said 
high frequency generator to said ionizing elec 
trodes; a Source of unidirectional pulses having 
amplitudes insufficient to ionize said gas; and 
means coupling said source of unidirectional 
pulses to Said ionizing electrodes. 

5. A stroboscopic light source comprising: a 
gaseous discharge tube capable of emitting light 
of high intensity for short intervals of time, said 
tube having an envelope containing gas ionizable 
along a predetermined path and having a pair of 
ionizing electrodes mounted adjacent said path 
and Said gas having a predetermined electro 
magnetic field ionization level; means external to 
Said tube generating an electromagnetic energy 
ionizing field which exceeds said level for sub 
stantially only periodic intervals of time, said 
means generating said ionizing field comprising 
a low frequency electron tube oscillator generat 
ing a plurality of pulses having a predetermined 
frequency and having rapid build up times and 
precise Spacing with respect to build up edges, 
each pulse having a duration substantially equal 
to One of said intervals, a high frequency genera 
tor generating an electromagnetic field, said high 
frequency generator including an electron tube 
Oscillator whose frequency of oscillation is higher 
than Said predetermined frequency and having 
means which is responsive to said pulses control 
ling the output of said high frequency generator, 
and means coupling said low frequency oscillator 
to said means controlling the output of said high 
frequency generator; coupling means directly 
applying the output of said high frequency gen 
erator to Said ionizing electrodes; a direct cur 
rent voltage Source whose voltage is insufficient to 
ionize Said gas; a condenser connected between 
Said ionizing electrodes; a resistor; and means 
connecting said voltage source and said resistor 
in Series between said ionizing electrodes. 

DANA A GRIFFIN. 
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