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This invention relates to electrical apparatus 
and more particularly to means for producing 
sparks between spaced electrodes. 
One of the objects of the present invention 

is to provide novel means for producing Sparks 
of greater potency than is feasible in ignition 
circuits of the type now in use. 
Another object of the invention is to provide 

novel electrical spark producing means adapted 
for use in igniting the charge of a direct ex 
pansion or jet propulsion type of engine for 
Starting the same. 

Still another object is to provide reliable and 
efficient ignition means for starting engines of 
the above-mentioned type at all altitudes and 
under all conditions of operation in aircraft or 
the like. 
A further object is to provide simple and du 

rable apparatus for producing a shower of high 
energy Sparks a CrOSS the electrodes of a Spark 
2a9. 
A still further object is to provide a novel 

method for producing high energy Sparks across 
the electrodes of a spark gap such as in an ig 
niter for a combustible medium in an engine or 
the like. 
The foregoing objects and novel features of 

the invention will more fully appear from the 
following detail description. When the Sane is 
read in connection with the accompanying 
drawings. it is to be expressly understood, how 
ever, that the drawings are for the purpose of 
illustration only and are not intended to de 
fine the limits of the invention, reference for 
this latter purpose being had primarily to the 
appended claims. 
In the drawings, wherein like reference char 

acters refer to like parts throughout the sev 
eral views, 

Fig. 1 is a schematic diagram illustrating one 
form of electrical circuit embodying the present 
invention; 

Fig. 1d. is a detail schematic diagram showing 
a modification of a portion of the circuit of 
Fig. 1; 

FigS. 2 and 3 are schematic diagrams illus 
trating modifications of a portion of the circuit 
illustrated in Fig. 1; and, 

Fig. 4 is a detail Schematic diagram illustrat 
ing the use of a distributor in the circuits of 
FigS. 1 to 3. 
The embodiment of the invention illustrated 

in Fig. 1, by way of example, includes a rela 
tively low voltage source of direct electrical cur 
rent, such as direct current generator 5. 
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2 
latter may be replaced by a dynamotor, a vi 
brator, an alternating current generator with 
Suitable rectifying means or any other suitable 
direct current source. In order to permit high 
altitude operation with a minimum of radio 
shielding and flashover difficulties, the source 
5 should be adapted to deliver direct current 
at a voltage of about 350 volts. This voltage 
has been found satisfactory in tests but the same 
may be varied between wide limits in the same 
and different installations depending upon the 
results desired. 
In order to produce a high frequency dis 

charge across the electrodes of a spark gap 6 
and to insure better operation when said gap 
is fouled by carbon deposits or the like, a large 
Capacity Condenser is connected across the 
terminals of source 5 in the electrical sense 
indicated in the drawings and with a resistance 
8 interposed between one terminal of the con 
denser and the positive terminal of said source. 
The other terminal of the condenser which is 
Connected to the negative terminal of generator 
5 may also be connected to ground as at 9. The 
high potential terminal of condenser T is con 
nected to one terminal of spark gap 6 by means 
of a lead and the other terminal of said gap 
is connected to ground as at . . It will be un 
derstood, of course, that wherever ground con 
nections are employed as a return path for the 
flow of electrical current, a wire connection such 
as lead 32 may also be used. For a purpose 
to more fully appear hereafter, the secondary 
Winding 27 of a high frequency step-up trans 
former coil 28 is connected in lead G between 
condenser 7 and spark gap 6. 
By reason of the low voltage of the charge 

On condenser 7, the latter is normally unable 
to discharge across spark gap 6. Accordingly, 
means are provided for breaking down the re 
sistance of Said gap to thereby permit condenser 

to discharge and create a spark having rela 
tively great energy. In the form shown in Fig. 
1, Said means includes a condenser 2 connect 
ed acroSS the terminals of generator 5 and a re 
Sistance 4 which is connected between said con 
denser and the positive terminal of the genera 
tor. The discharging of condenser 2 may be 
controlled in any suitable manner such as by 
means of the mechanically operated contactor 
5d or the like but preferably the same is dis 
charged through a gaseous tube discharge de 
vice 5, a tube known commercially as a strobo 
tron type 631PI being suitable for this purpose. 

The 55 As shown, said discharge device includes an 

  



2,632,133 
3 

anode 6, a cathode 7 and a grid 8 interposed 
therebetween, a two-element grid being shown 
by Way of example. 
The high potential side of condenser 2 is 

connected to anode f S and Cathode 7 is Con 
nected by means of a lead f 9 to the primary 
winding of a high-frequency step-up transform 
er 2. The secondary winding 22 of Said trans 
former has a spark gap 23 connected acroSS the 
same, said gap being sealed in a gas tight Con 
tainer 24. Also connected across secondary 
winding 22 and in parallel with gap 23 are a 
condenser 25 and a primary winding 26 of the 
high frequency transformer 28, said condenser 
and Winding 26 being connected in Series With 
each other. . . . . . . 

Discharge tube (5 is normally non-conductive 
with respect to the charge on condenser 2 and 
means are accordingly provided for rendering the 
same conductive and, hence, for permitting said 
condenser to discharge. Said means in the form 
shown comprises a condenser 29 and a resistance 
30 connected in Series with each other and in 
parallel with condensel 2 across the terminals 
of generator 5, resistance 30 being connected be 
tween condenser 29 and the positive terminal of 
the Source of electrical energy. The high po 
tential dr positive side of condenser 29 is con 
nected to one end of a resistor 3 which con 
nects the terminals of the elements of the two 
element grid 8 of tube 5. If a single element 
grid is employed, the resistance 3 may be 
eliminated. - - - 

In the operation of the above-described cir 
cuit condensers 7, 2 and 29 Will be simultane 
ously charged by generator 5 or other Suitable 
source through resistances 8, f4 and 30, respec 
tively. As soon as condenser 29 has been charged 
to the grid glow potential of tube 5, a discharge 
takes place between grid 8 and cathode 7. 
The establishment of a glow in tube 5 in this 
manner renders said tube conductive to the 
charge on condenser f2 and the latter accord 
ingly discharges through said tube and primary 
winding 20 of transformer 2. Ihe Sudden dis 
charge of condenser f2 through primary winding 
20 induces current flow at a higher voltage in 
secondary winding 22, thereby charging Con 
idenser 25. When the latter has been charged 
to the sparkover voltage of spark gap 23 the same 
discharges across said gap through primary wind 
ing 26 of transformer 28. The discharge of 
condenser 25 through Winding 26 induces a Suff 
?ciently high potential acroSS Secondary winding 
27 to cause igniter gap 6 to break down, that is, 
to create a flow of current between the electrodes 
of said gap. When the resistance of gap 6 has 
thus been reduced, condenser T is enabled to dis 
charge across the same, thereby creating a Spark 
having a large amount of energy, said energy 
being that which is stored in condenser 7 during 
each cycle of Operation. 
When the several condensers have been dis 

charged in the above manner, tube (5 once again 
becomes non-conductive and the cycle is repeated 
in rapid succession. The frequency of this cycle 
or sparking rate of the circuit is determined by 
the product of the resistance 30 and the capacity 
of condenser 29. These elements may according 
tly be varied to produce the desired frequency or 
sparking rate. The time constants for con 
densers 7 and 2 are also determined by the prod 
ucts of their respective capacities and resistances 
8 and 4, respectively. These elements of the 
circuit are accordingly so chosen that condensers 
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4 
7 and 2 will assume a sufficient charge for ac 
complishing the desired results When the System 
is working at the highest desired Sparking rate 
While at the same time preventing Sustained flow 
of current through discharge tube 5 and across 
Spark gap 6. 
In one satisfactorily operable circuit which 

embodied a strobotron tube of the character 
mentioned above and Which Was capable of a 
Sparking rate of approximately 150 Sparks per 
second at spark gap 6, the electrical values and 
structural data of the various elements were as 
follows: The capacities of condensers 7, 2, 25 
and 29 were 5 mfcd., 1 mifd., 250 mm.fci., and .005 
mfc., respectively, and the resistances of resis 
tors 8, 4, 30 and 3 were 1000 ohms, 7000 ohms, 
10 megohms, and 10,000 ohms, respectively. The 
output voltage of the source 5 was approximately 
350 volts and the spark-over voltage of spark gap 
23 was approximately 3 kilovolts. The primary 
windings of transformers 2 t and 28 consisted of 
twenty-five turns of No. 22 copper Wile and three 
turns of No. 20 copper wire, respectively, and the 
Secondary Windings of Said transformers con 
sisted of 1800 turns of No. 40 copper wire and 34 
turns of No. 20 copper wire, respectively. Each 
of these transformers was wound on a tube % 
inch by 1% inch, having a powered iron core. 
The electrodes of gap 6 were Spaced about .085 
inch apart. 

tI will be understood, of course, that the above 
electrical values and structural data are men 
tioned by way of example only and not by way 
of limitation. All or any of these values and data 
may be varied between rather wide limits in the 
Same and different installations. 
In order to reduce the radio shielding require 

ments and, hence, the weight of the above 
described system, the high voltage elements 
thereof may be grouped together and enclosed 
in a single metallic casing. In Fig. 1, such a 
casing is diagrammatically illustrated at 35 by 
dotted lines. The unit thus Shielded may, for 
convenience of installation, replacement, repair 
or the like, be detachably electrically connected 
to the remainder or low voltage portion of the cir 
cuit by any suitable means, such as a plug and 
"Socket connector 34 which is also diagrammat 
ically illustrated. A three-terminal connector 34 
is shown, but lead 32 and, hence, the detachable 
‘connection therefor may be eliminated if the in 
Stallation permits of the uSe of a ground return. 
In Fig. 2 there is illustrated a modified high 

voltage unit 33 which may be employed in lieu 
of unit 35 of Fig. 1. These two units are alike 
except that an inductance coil 36 in lead 0 is 
substituted for high frequency transformer 28 
and the gaps 6 and 23 ale connected in Series 
across condenser 25. When the other elements 
have the values mentioned above inductance 36 
may consist of about thirty turns of No. 20 cop 
per wire wound on a core like that mentioned 
above for coils 2 f and 28 and the sparkover volt 
age of sealed gap 23 should be on the order of 
14 kilovolts. Also, the Spark-over voltage of ig 
initer gap 6 should be somewhat higher in this 
embodiment than in the embodiment of Fig. 1. 
The operation of the unit illustrated in Fig. 2 is 
substantially the same as that described above 
for Fig. 1, except that the igniter gap 6 is elec 
trically broken down by a direct discharge from 
condenser 25, said discharge being blocked, So to 
speak, from the remainder of the circuit by in 
ductance coil 36. 
A still more simplified high tension unit 37 
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which may be satisfactorily used in some appli 
cations in conjunction. With the low tension Sup 
ply and control portion of the above circuit is 
illustrated in Fig. 3. In this unit, lead from 
Condenser is connected directly to a terminal 
of ignition gap 6 and the high potential end of 
Secondary winding 22 is connected directly to an 
auxiliary electrode 38 which is mounted in Spark 
gap relation with one of the electrodes of igniter 
gap 6. In this embodiment, whenever a sufficient 
potential is developed across secondary Winding 
22 in the manner set out above, a discharge from 
auxiliary electrode 38 to one of the main elec 
trodes of igniter gap 6 will occur, thereby ionizing 
the space between the main electrodes and, hence, 
permitting condenser 7 to discharge across the 
latter to produce the desired high energy spark 
for igniting a combustible charge or the like. 

In Some installations it may be possible and 
practical to connect winding 22 directly acroSS 
the electrodes of gap 6 for initiating current flow 
between Said electrodes and thereby further sin 
plify the circuit. 
There is thus provided a novel method and 

means for producing Sparks possessing a rela 
tively great amount of electrical energy which 
may be reliably employed for long periods of 
operation to ignite the combustible charge of 
an engine under all conditions of operation at 
all altitudes attainable by modern aircraft. The 
novel circuit provided is extremely simple, both 
in construction and Operation, and may be ineX 
pensively manufactured and installed. 
Although only a limited nuinber of embodi 

ments of the invention are illustrated and de 
scribed in detail, it is to be expressly understood 
that the same is not limited thereto. For ex 
ample, by providing a suitable distributor of any 
well known type, such as distributor 4 shown 
in Fig. 4, Sparks nay be produced in predeter 
mined succession at a series of Spark gaps cor 
responding to igniter gap 6. If it is desired to 
produce these Sparks at predetermined intervals 
or in accurately timed relation to one another, 
suitable means Such as a cam operated contac 
tor. 5a may be employed in conjunction with 
discharge tube 5 for accurately timing the dis 
charges from condenser 2. It will also be clear 
that the invention may be used for purposes 
other than igniting the combustible charges in 
direct expansion engines or engines of other 
types. Various other changes may also be made 
in the design and arrangement of the parts illus 
trated as well as in the suggested electrical values 
thereof without departing from the Spirit and 
scope of the invention, as the same will now be 
understood by those skilled in the art. For a 
definition of the limits of the invention, reference 
is had primarily to the appended claims. 
What is claimed is: 
1. In apparatus of the class described, a source 

of uni-directonal electrical energy, a storage con 
denser of relatively high capacity and a resistor 
connected in series across the terminals of Said 
source, an igniter spark gap having the electrodes 
thereof connected in series with the Secondary 
winding of a high frequency transformer coil 
across the terminals of said condenser, Said 
source being adapted to charge Said condensel 
to a voltage below the spark-over voltage of Said 
gap, and means for reducing the electrical resist 
ance of said gap to enable said condenser to dis 
charge, said means including a Second condenser 
connected in series with a resistor across Said 
source, a gaseous tube discharge device connected 
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6 
in series with the primary winding of a second 
high frequency transformer coil across said sec 
Ond condenser, Said tube being normally non 
conductive to the charge on said second con 
denser, a Second spark gap connected across the 
Secondary Winding of Said Second transformer, a 
third condenser connected in series with the pri 
mary Winding of Said first transformer across 
the terminals of said second spark gap, and 
means for rendering Said discharge tube con 
ductive to the charge on said second condenser 
comprising a resistance and a fourth condenser 
connected in Series across the terminals of said 
Second condenser and means connecting the high 
potential side of said fourth condenser to the grid 
of said discharge tube. 

2. In apparatus of the class described, a source 
of uni-directional energy, a first condenser con 
inected in Series With a resistor across the termi 
inals of Said source, a first spark gap connected 
in Series with an inductance across the terminals 
of Said condenser, Said source being adapted to 
charge said condenser to a voltage which is less 
than the Spark-over voltage of said gap, a second 
Condenser connected in series with a second resis 
tor acroSS the terminals of said source, said 
resistors being connected to the high potential 
sides of said condensei's respectively, a gaseous 
tube discharge device connected in series with 
the primary Winding of a high frequency step-up 
transformer coil across Said Second condenser, 
Said tube being normally non-conductive to the 
charge on said second condenser, a third con 
denser Collinected across the ends of the secondary 
Winding Of Said coil, a Second Spark gap con 
nected in Series With said third condenser across 
the terminals of said first spark gap, a fourth 
condenser connected in series With a resistor 
aC1'OSS the terminals of Said second condenser, 
and means connecting the high potential side 
of Said fourth condenser to the grid of said dis 
charge tube for rendering said tube conductive 
to the charge on said second condenser when said 
fourth condenser is charged a predetermined 
amount. 

3. In apparatus of the class described, a source 
of unidirectional electrical energy, a first con 
denser connected in series with a resistor across 
the terminals of Said Source, a spark gap con 
nected a CIOSS the terminals of said condenser, 
Said Source being adapted to charge said con 
denser to a voltage less than the spark-over volt 
age of Said gap, a Second condenser connected in 
Series with a resistor across the terminals of said 
Source and adapted to be charged thereby, a 
gaseous tube discharge device and the primary 
Winding of a high frequency step-up transformer 
coil connected in Series across the terminals of 
said second condenser, said tube being normally 
non-conductive to the charge on said second con 
denser, a third condenser connected in series 
With a resistor across the terminals of said sec 
Ond condenser, means connecting the high poten 
tial side of said third condenser to the grid of 
said discharge tube to render said tube conduc 
tive to the charge on said second condenser when 
Said third condenser is charged to a predeter 
mined voltage, and an auxiliary electrode in 
Spark gap relation with one of the main elec 
trodes of said Spark gap, the secondary winding 
of Said transformer coil having opposite ends 
thereof connected to said auxiliary electrode and 
Said main electrode in Spark gap relation there 
With. 

4. In apparatus of the class described, a spark 
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gap, a condenser connected to discharge across 
the electrodes of said gap, a source of uni-direc 
tional electrical energy for charging said con 
denser to a voltage below the Spark-over voltage 
of Said gap, and control means for intermittently 
rendering Said gap conductive to the charges On 
Said condense, Said control means including a 
high frequency transformer coil having the sec 
Ondary Winding thereof connected in Series with 
Said gap and means for creating successive im 
pulses of current through the primary winding 
of Said transformer. 

5. In apparatus of the class described, a spark 
gap comprising a pair of Spaced electrodes, a 
condense connected to discharge across said elec 
trodes, a source of electrical energy adapted to 
charge said condenser to a voltage below the 
Spark-over voltage of said gap, and control means 
for rendering Said gap conductive to charges on 
Said Conden Ser, Said control means including a 
transformer having the secondary winding there 
Of connected in series with Said gap, and means 
for creating Successive impulses of current at a, 
voltage higher than said spark-over voltage 
through said secondary winding, said last-named 
means including a second condenser adapted to 
be charged by Said Source and means for con 
trolling successive discharges from Said second 
condensel'. 

6. In apparatus of the class described, a spark 
gap comprising a pair of spaced electrodes, a con 
denser connected to discharge across said elec 
trodes, a Source of electrical energy adapted to 
charge said condenser to a voltage below the 
Spark-over voltage of said gap, and control means 
for rendering Said gap conductive to charges on 
said condenser, said control means including a 
transformer having the secondary winding there 
of connected in Series with said gap, and means 
for creating Successive impulses of current at a 
voltage higher than said spark-over voltage 
through said secondary Winding, said last-named 
means including a second condenser adapted to 
be charged by Said SOurce, a discharge device 
through which said Second condenser is connected 
to discharge and means for periodically render 
ing said discharge device conductive to Successive 
charges on said Second condenser. 

7. In apparatus of the class described, a spark 
gap, a condenser connected to discharge across 
the electrodes of Said gap, a Source of electical 
energy adapted to charge Said condenser to a 
voltage below the Spark-over voltage of said gap, 
and means for intermittently rendering said gap 
conductive to the charges on said condensel, said 
means including a high frequency transformer, a 
second condenser connected across the secondary 
winding of said transformer, a second spark gap 
connected in Series with Said second condensel 
across the terminals of Said first Spark gap, and 
means for creating Successive impulses of cur 
rent in the primary winding of Said transformer. 

8. In apparatus of the class described, a spark 
gap comprising Spaced electrodes, a condenser 
connected to discharge across the electrodes of 
said gap, an inductance connected between the 
high potential side of said condenser and one of 
said electrodes, a source of electrical energy 
adapted to charge said condenser to a voltage 
below the Spark-over voltage of Said gap, 
and means for rendering said gap conductive 
- to the charge on Said condenser, said 
means including a step-up transformer, means 
for periodically energizing said transformer, a 
Second condenser connected acroSS the Secondary 
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8 
winding of said transformer, and a second spark 
gap Connected in Series with said second con 
denser across the terminals of said first spark 
9a). 

9. In apparatus of the class described, a spark 
gap comprising a pair of Spaced main electrodes, 
a Condense connected to discharge across Said 
electrodes, a Source of electrical energy adapted 
to charge Said condenser to a voltage below a 
Spark Voltage of Said gap, and means for period 
ically rendering Said gap conductive to the charges 
On Said Condenser, said means including a high 
frequency transformer having primary and sec 
Ondary Windings, an auxiliary electrode in spark 
gap relation. With One of said main electrodes, and 
means Connecting Said auxiliary electrode and 
Said. One of Said main electrodes across said sec 
Ondary Winding. 

10. The method which includes the steps of 
simultaneously charging three condensers to 
Voltages below the Spark-over voltage of a spark 
gap, utilizing the charge on the first of said con 
densers for controlling the discharging of the 
Second of Said condensers, stepping up the volt 
age of the dischal'ge of Said second condenser, 
applying Said stepped up voltage across the elec 
trodes of Said Spark gap to reduce the electrical 
resistance thereof, and then discharging the third 
of Said condensei's across said gap. 

11. In an ignition system for an internal com 
bustion engine, in combination, a source of di 
rect current, a condenser charged by said source, 
a transformer, means for discharging said con 
denser through said transformer, a second con 
denser charged by Said transformer, a second 
transformer, a Spark gap for discharging said 
Second condenser through said second trans 
former, and a Spark plug having an electrode 
Connected to the second transformer. 

12. In an ignition system for an internal com 
bustion engine, in combination, a source of di 
rect current, a resistor, a condenser charged by 
Said Source through said resistor, a transformer, 
contactor means for discharging said condenser 
through said transformer, a second condenser 
charged by said transformer, a second trans 
former, a Spark gap for discharging said second 
condenser through said second transformer, and 
a Spark plug having an electrode connected to 
the second transformer. 

13. In an ignition system for an internal com 
bustion engine, in combination, a source of di 
rect current, a condenser charged by said source, 
a transformer having a primary winding and a 
Secondary winding, means for discharging said 
condenser through said primary winding, a sec 
Ond condenser charged by said secondary wind 
ing, a Second transformer having a primary 
Winding and a secondary winding, a spark gap 
for dischal'ging Said Second condenser through 
the primary Winding of said second transformer, 
and a Spark plug having an electrode connected 
to the Secondary winding of the second trans 
former. 

14. In a high frequency ignition system com 
prising a capacitance, high frequency trans 
former and Spark gap adapted to furnish en 
ergy to a Spark plug, an auxiliary energy booster 
circuit adapted to Supply additional energy to 
the discharge of the high frequency circuit, said 
booster circuit comprising a condenser and im 
pedance, and Switch means for connecting and 
disconnecting said booster circuit to said high 
frequency circuit. 

15. In an ignition system for an internal com 
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bustion engine, a combination as defined in 
claim 11, wherein the means for discharging the 
first-named condenser includes a distributor. 

16. In an ignition System for an internal com 
bustion engine, a combination as defined in 
claim 12, wherein the contactor means is a dis 
tributor. 

17. In an ignition System for an internal Com 
bustion engine, a combination as defined in 
claim 13, wherein the means for discharging the 10 
first-named condenser includes a distributor. 

18. In a high frequency ignition system com 
prising a capacitance, high frequency trans 
former and Spark gap adapted to furnish en 
ergy to a spark plug, an auxiliary energy booster 15 
circuit adapted to increase the energy supplied 
the Spark plug, said booster circuit comprising 
-a, condenser Serially connected with the second 
ary of the transformer of the high frequency 
circuit, and switch means for connecting said 20 2,409,202 

10 
booster circuit to said high frequency circuit 
Whereby Said booster circuit Will supply addi 
tional energy to the discharge of the high fre 
quency circuit. 

JOHN W. McNULTY. 
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