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This invention relates to high frequency ig 
Inition systems for internal combustion engines. 
An object of the present invention is to obtain 

a rapid succession or shower of sparks during the 
period of closure of the: engine. operated: timer 
contacts. This object is, accomplished by the 
combination of a resonator, connected with the 
spark plug, an oscillator inductively connected 
with the resonator and having a tube, a thyra 
tron, a condenser which is charged ... while the 
timer contacts are separated and is discharged, 
while the contacts are engaged, a connection be 
tween the condenser discharge circuit and, the 
thyratron grid, such that the grid is positively 
biased and the thyratron is: ionized during the 
period of contact closure, a circuit which includes 
in series the plate of the OScillator. tube, the 
cathode of the oscillator tube-and-the-plate of 
the thyratron both at ground or Zero, potential 
and the cathode of the thyratron, and means for . 
intermittently impressing positive potential on 
the plate of the oscillator. tube While the cathode, 
of the thyratron is negative with respect to 
ground whereby pulses of current flow... through 
the oscillator tube. In one: form of -the inven 
tion, the means is a Source of -alternating current 
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of high frequency. In another form the means 
is a second condenser: which discharges intermit 
tently at high frequency, said second condenser 
being charged through a resistance in series 
thereWith, the R. C. relation of the second con 
denser and series resistance being such that fre 
quency of charge and discharge of the second 
condenser is relatively high. 
Further objects and advantages of the present 

invention will be apparent from the following de 
Scription, reference being had to the accompany 
ing drawings, Wherein preferred embodiments of 
the present invention, are clearly, shown. 

In the drawing: 
Fig. 1 is a Wiring diagram of an embodiment of 

the present invention. 
Fig. 2 shows a modification of the diagram of 

Fig. 1. 
Referring to Fig. 1, a transformer, primary O 

is connected With an alternating current source 
S. of high frequency. For an engine-operating 
at 2500 R. P. M., the frequency of the source Sf 
should be at least 3750 cycles per second in order 
to obtain 4% accuracy of timing. This frequency 
could be generated by a high power audio oscil 
lator or by a rotary machine: ; Secondary wind 
ings. , 22 and 23 are: associated: with: the pri 
mary, winding.' O. . As rectifier tube £20. has:"...its. 

.55 cathode 2 : connected with the winding 22 and its 
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plates 8 and 9 connected respectively with ter 
minal. 2 and tap i 4 of the winding . The tap 
3 is connected with a terminal C. The cathode 

2 is connected with a terminal B. The conden 
Ser 35 is connected with the terminals B and C. 
Terminal 5 of Secondary is connected by Wire 
A6 with a terminal A. 
Terminal B is connected. With terminal D of a 

tinner T driven by the engine. The timer com 
prises a support 26 connected. With timer terminal 
D and connected by a leaf spring conductor. 27 
with a circuit breaker lever 28 pivoted at 29 and 
carrying a rubbing block or cam follower 3d for 
engaging a can 32 rotated by an engine driven 
Shaft 38). Lever 28 carries a contact 33 for en 
gaging a contact 34. A resistance 36, preferably 
3000 ohms, is connected between the contact 3 
and a terminal E. A resistance 37, preferably 
30,000 ohms, is connected between terminal E and 
terminal C. 
A thyratron tube 8 has a plate 44 connected 

with Wire 38, a grid 39 connected with terminal 
E, a cathode 4f connected with terminal C and a 
Cathode heater 42 connected with a grounded re 
sistance 43 and with wire 25 connected with wire 
38 and with wire 24 connected with secondary 
Winding 23. 
An OScillator tube 45 has a cathode 46 which is 

grounded and Which is connected With wire 38 
and which is in parallel with a condenser 46a. 
Tube 45 has a plate 47 connected with wire 43, 
connected with choke 49 connected by wire 
With terminal A. Tube 45 has a grid 50 connected 
by Wire 5 with a resistance 52 in parallel with 
a condenser 53, both together being connected 
With One end of the primary 55 of an oscillator 
coil 54, the other end of which is connected by 
Wire 5. With a condenser 58 connected with Wire 
8. An adjustable condenser 85 is connected. 
acroSS the terminals of the primary 55 of the 
coil 54. The primary 55 is divided into two sec 
tions 55a, and 55b by a tap 55c which is grounded: 
The Oscillator coil 54 has a secondary SE scoza. 

nected selectively by distributor GOD with pri 
mary Windings 6, 62, 63 and 64 of resonators 
65, 66, 67 and 68, respectively, having secondary 
coils, 72, 73 and 74, respectively connected with 
Spark gaps 75, 76, 77 and 78, respectively. Each 
Spark gap is paralleled by condenser 80. The fire 
quency of the oscillator can be adjusted by vary. 
ing the capacity of the condenser 85 and by end 
Wise movement of a magnetizable rod 59 which is 
Surrounded by a portion of the coil 55. The fire 
quencies of the resonators can be adjusted by 
endwise movements of magnetizable-rods: 8 sur. 
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rounded by portions of the resonator secondaries. 
In this way, the frequencies of the resonators and 
the Oscillator can be equalized. 
The operation of the system shown in Fig. 1 is 

as follows. While the contacts 33, 34 are Sep 
arated, condenser 35 is charged. Current flows 
to cathode 2 of rectifier 2 alternately from its 
plates 8 and 9. Condenser terminal B is posi 
tive. When the contacts 33, 34 engage, con 
denser 35 discharges through these contacts and - 
resistances 36 and 3 which retard discharge so 
that thyratron grid 39 will be positively biased 
and the thyratron & 3 Will be ionized as long as 
possible during the period of contact closure. 
During the period of ionization of thyratron 40, 
it is in condition to pass current from its plate 44 
which is at ground potential to its cathode C 
When the latter is at negative potential with re 
spect to ground. Terminals or points A and C 
are connected with the points 5 and 3 of the 
transformer secondary which is inductively 
connected with an A. C. source of relatively high 
frequency. When A is positive, C is negative, 
and vice versa. During half of the A. C. Wave 
when C is negative and A is positive, current will 
pass through the following circuit: terminal A, 
wire f, choke 49, wire 48, grid 47 of oscillator 
tube 45, cathode 46 of tube A5 and plate 44 of tube 
it (both at ground or zero potential) cathode 
4 and terminal C. When C is positive and A is 
negative no current Will pass through this cir 
cuit. Therefore the oscillator is intermittently 
operative and Sparks Will occur at a plug at the 
frequency of the A. C. source connected with 
transformer primary . 
Instead of using a power supply or power pack. 

requiring high frequency input for obtaining high 
frequency plate supply, the same effect can be 
obtained by the use of an R. C. circuit in the 
power pack where the time constant Of R. C. is 
the required value, for example, 250 (ohms, re 
sistance) x 1 (microfarad, capacity), the equiva 
lent of 4000 cycles per second alternating current 
plate Supply. 

Fig. 2 shows the modification of Fig. 1 in order 
to use an R. C. circuit. 
to the transformer primary S may be at the 
usual frequency. The transformer secondary 23 
is connected as in Fig. 1. he transformer Sec 
ondary 9 has end terminals 92 and 94 and a 
center tap 93. The secondary Winding 95 is con 
nected with the cathode filaments 96 and 97 of 
rectifier tubes to and it having their plates: 
98 and 99, respectively, connected with terminals 
92 and 94, respectively. Terminal 93 is connected 
with wire 3, connected with terminal C. Wire 
5 connects the cathode filaments 96 and 97 

with a choke 25, connected by wire 8. With 
terminal B. Filter condenser it is connected 
between the wires 65 and 63. Filter condenser 
A 9 and a parallel resistance are connected 
between Wires 8 and 33. A resistance , 
preferably 250 ohms, is connected between ter 
minals B and A. A condenser 2, preferably one 
microfarad, is connected between terminals C 
and A. A resistance 3, preferably 75,000 ohms, 
is connected between terminals B and D. A re 
sistance A, preferably 25,000 ohms, is connected 
between terminals C and E. The terminals D, E: 
and A are connected with the timer T, thyratron 
48 and the wire f l as shown in Fig. 1, but there 
is no resistance between timer, contact 34 and 
terminal E. 
The operation of the System as modified ac 

The source 52 connected 
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cording to Fig. 2 is as follows. While contacts 
33, 34 are open condensers G9 and 2 are 
charged, wire 08 being positive and wire neg 
ative. Terminal A is connected with the positive 
terminal of condenser 2 and terminal C With its 
negative terminal. During engagement of con 
tacts 33, 34, condenser 09 discharges through 
resistance 3, contacts 33 and 34 and resistance 

4. These resistances retard discharge of coin 
denser (9 so that thyratron grid 39 will remain 
positively biased and thyratron 43 Will remain 
ionized as long as possible during the period of 
contact closure. When the thyratron is ionized, 
condenser 2 discharges through the circuit A 
to C described with reference to Fig. 1 and the 
oscillator becomes operative. When the potential 
of the terminal. A falls so low that current flow 
from A to C ceases, the condenser 2 is recharged 
until the potential of A is such that current flow 
from A to C is resumed. Therefore current flows 
from A to C intermittently at the rate determined 
by the R. C. relation of resistance if and con 
denser 2. If resistance of is 250 ohms and 
the capacity of 2 is one microfarad, the timer 
constant of the combination (resistance and 
condenser 2) is 250X1X0-6 which is the equiv 
alent of 4000 cycles per second. The discharging 
of the condenser 2 can take place because, con 
currently, the plate 47 of tube 45 is more posi 
tive than ground (potential of its cathode 46 and 
of plate 44 of thyratron 40) while potential of C 
is more negative than ground. 
The operation of the oscillator is the same in 

both circuits. Whenever a, Sufficient voltage is 
impressed on the plate of tube 65, the oscil 
lator tube 45 permits current to flow to charge 
the condenser 85. The condenser charging cir 
cuit includes secondary terminal 5, wires E 
and , choke 49, condenser 58, condenser 85, 
resistance 52, wire 5 f, grid 50, cathode 46, Wire 
38, plate 44, cathode if, wire 2, terminal C and 
secondary tap 3. During the charge of con 
denser 85, the voltage impressed on the grid 50 
becomes increasingly positive. As grid 5 becomes 

5 more positive, tube 65 passes more current and 
the voltage drop across the tube decreases. As 
the voltage drop decreases across tube 45, the 
condenser 85 starts discharging and produces a 
negative voltage on the grid 50 due to the opera 
tion of two inductively related circuits. One 
of these circuits is condenser 85, wire 57, all of 
the oscillator primary coil 55. The other circuit 
includes the grounded tap 55c of primary 55, 
the primary section 55a, resistance 52, wire 5, 
grid 50, cathode 46 and ground connection back 
to 55c. The negative voltage impressed on grid 
59 causes less current to flow from the plate 4, 
thereby raising the voltage drop across the tube 
45 and allowing the condenser 85 to be charged 
again. In this way, an oscillation through the 
primary 55 is sustained. This oscillation in 
creases rapidly in amplitude until the maximum 
amplitude is reached; and the oscillation is sus 
tained so long as Sufficient voltage is impressed 
on the plate 4 of oscillator tube 45. In other 
words, the oscillator tube 45 operates in a man 
ner analogous to a Variable resistance in shunt 
With the condenser 35. As condenser charge in 
creases the variable resistance decreases auto 
matically; and, when the decrease of resistance 
is such that the condenser is robbed of charging 
current, the condenser discharges. The discharge 
of the condenser automatically causes the vari 
able resistance to increase. Whereby the condenser 
is permitted to receive a charging current; and 
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the cycle is repeated so long as sufficient voltage 
is being impressed on the plate 47 of tube 45. 
As the current oscillation through the Oscil 

lator primary coil 55 increases in magnitude, the 
resonator then connected with the oscillator by 
the distributor 60) while the timer contacts are 
closed, will have, in its condenser-coil circuit, a 
corresponding oscillation increasing in magnitude 
until Voitage impressed upon the spark plug is 
sufficient to cause the current to jump the ga. 
Because positive potential is being intermittently 
impressed on terminal A while the potential of 
C is negative with respect to ground during the 
period of contact closure, the oscillator operates 
intermittently through the resonator then con 
nected by distributor 66 D to produce a shower 
of Sparks at the plug connected with the reso 
nator. 
From the foregoing description of two embodi 

ments thereof, it is apparent that the present 
invention resides in the combination with a res 
onator connected with a spark plug of an oscil 
lator inductively associated therewith having a 
tube, a series circuit which includes a terminal 
A, the plate of the oscillator tube, the cathode 
of the Oscillator tube and the plate of a thyratron 
both at ground or zero potential, the cathode 
of the thyratron and a terminal C, means coin 
trolled by the engine timer for effecting ioniza 
tion of the thyratron during the sparking pariod, 
and means for intermittently impressing upon 
terminal A a positive potential while the potential 
of the terminal C is more negative than ground. 
While the embodiments of the present inven 

tion as herein disclosed, constitute preferred 
forms, it is to be understood that other forms 
might be adopted, all coming within the Scope 
of the claims which follow. 
What is claimed is as follows: 
1. An ignition System comprising a spark plug, 

a resonatol connected with the plug, an oscil 
lator inductively connected With the resonator 
and having a tube including a plate and a cath 
ode, a thyratron having a plate, grid and cath." 
ode, an engine operated timer having contacts, 
a condenser, a D. C. source for charging the con 
denser, a circuit including the condenser and 
the timer contacts, when closed, for effecting 
condenser discharge and including resistances for 
retarding condenser discharge, a connection be 
tween the condenser discharge circuit and the 
grid of the thyratron such that the grid is posi 
tively biased and the thyratron is ionized during 
the period of contact closure, a circuit including 
in series a first terminal, the plate of the oScil 
lator tube, the cathode of the oscillator tube and 
the plate of the thyratron at ground or zero 
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potential, the cathode of the thyratron and a 
Second terminal at the same potential, and means 
for intermittently impressing on the first ter 
Ininal a positive potential while the potential of 
Second terminal is negative with respect to 
ground, Whereby current passes through said cir 
cuit intermittently to effect through the oscillator 
3.nd resonator a rapid succession of sparks at 
the plug during the contact closing period. 

2. An ignition system according to claim 1 in 
Which the first and second terminals are con 
nected With an A. C. source of relatively high 
frequency. 

3. An ignition System according to claim 1 in 
which the first and Second terminals are respec 
tively connected with the positive and negative 
terminals of a second condenser which is charged 
by the D. C. source, and in which the charging 
circuit of the second condenser includes a resist 
ance in series with the second condenser, the time 
Constant of the Second condenser and series re 
sistance being such that the condenser discharges 
and recharges at relatively high frequency dur 
ing the period of contact closure. 4. An ignition system comprising a spark plug, 
a resonator connected with the plug, an oscillator 
inductively connected with the resonator and 
having a tube including a plate and a cathode, 
a thyratron having a plate, grid and cathode, 
an engine operated timer, means under control 
by the timer for effecting ionization of the thy 
ratron during the period required for ignition, 
a circuit including in series a first terminal, the 
plate of the oscillator tube, the cathode of the 
oscillator tube and the plate of the thyratron 
at ground or Zero potential, the cathode of the 
thyratron and a second terminal at the same 
potential, and means for intermittently im 
pressing on the first terminal a positive potential 
while the potential of the second terminal is 
negative with respect to ground, whereby current 
passes through Said circuit intermittently to eiicc. 
through the oscillator and resonator a, rapid suc 
cession of Sparks at the plug during the contact 
closing period. 
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