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This invention relates to electrical apparatus 
and more particularly to an electrical circuit and 
Darts thereof adapted for use in the ignition sys 
tem of a combustion engine. 
One of the objects of the present invention is to 

provide a novel ignition system whereby a high 
energy spark discharge is assured, although the 

‘ maximum voltage is very low in comparison to 
that used in present-day ignition systems. 
Another object of the invention is to provide a :Y 

satisfactory ignition system for combustion en 
gines wherein the electrical energy is distributed 
at low voltage, thereby minimizing electrical 
losses, the danger of ignition failures and inter 
ference with radio reception. 
A further object is to provide novel means for 

distributing electrical energy to a plurality of 
circuits from a common source of energy at rela 
tively low potential. 

Still another object is to provide a novel igni 
tion circuit and distributor therefor which. em 
body novel means for timing the successive dis 
charges through the output circuits of the dis 
tributor. 
A still further object is to provide a novel igni 

tion circuit for a multi-cylinder engine whereby 
the life of the expendable parts is materially in 
creased and the danger of failure due to fouling 
of the spark gaps in the combustion chambers is 
substantially eliminated. 

Still another obect of the invention is to pro 
vide a novel, jump-spark or gap type of ignition 
distributor for distributing electrical energy at a 
voltage below the normal spark-over voltage of 
the gap. 
The above and further objects and novel fea 

tures of the invention will more fully appear from 
the following detail description when the same is 
read in connection with the accompanying draw 
ings. It is to be expressly understood, however, 
that the drawings are for the purpose of illus 
tration only and are not intended as a definition 
of the limits of the invention, reference for this 
latter purpose being had primarily to the append 
ed claims. 
In the drawings, wherein like reference char 

acters refer to like parts throughout the several 
views, 

Fig. 1 is a sectional side view, taken substantial 
ly on line I-I of Fig. 2, of one form of the novel 
distributor-timer comprehended by the present 
invention; 

Fig. 2 is a detail view of a portion of the rotor 
shown in Fig. 1, the view being taken substantially 
on line 2_2; and 
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2 
Fig. 3 is a diagram of one form of a complete 

ignition system embodying the structure of Fig. l. 
A single embodiment of the novel ignition sys 

tem contemplated by this invention is illustrated 
in the drawings, by way of example, as compris 
ing a magneto for generating the required elec 
trical energy, but it will be understood that the 
system can be readily adapted to other types of 
either direct or alternating current sources. As 
shown, the magneto is illustrated in a conven 
tional diagrammatic manner as comprising pri 
mary winding I0 in series with a circuit breaker 
II which has a condenser I2 connected in shunt 
therewith, the whole circuit being connected to 
ground at I4. A suitable magnetic system of any 
known type may be provided for energizing the 
primary winding and a cam may be provided for 
actuating circuit breaker I I, all in a manner well 
understood in the art. 
A secondary winding I5 is inductively coupled 

with the primary winding and has a center tap 
I6 to ground. The ends of the secondary winding 
are connected through any suitable rectiiying 
means to supply‘uni-directional or unì-polar en 
ergy to a storage condenser I'I, one side of which 
is shown as being connected to ground at I8. The 
rectifying means are illustrated by way of exam 
ple, as comprising two half-wave rectiñers I9 and 
20 of the point-to-plane type. If desired, a single 
full-wave rectiñer or one of any other known type 
may be employed. 
In known systems of the high tension type, it 

has been the universal practice to distribute the 
energy at relatively high voltage (12,000 to 15,000 
volts) through a so-called jump-spark distribu 
tor, i. e., a distributor wherein there is a gap as 
distinguished from rubbing contact between a 
rotating input electrode and a plurality of station 
ary output terminals. In other types, including 
high frequency condenser discharge systems, it 
has been the practice to distribute the energy at 
relatively low voltage (300 to 1000 volts) through 
a brush type distributor wherein the input elec 
trode makes direct rubbing contact with the out 
put terminals. The present invention contem 
plates production of a high-energy high-frequen 
cy spark discharge with low voltage distribution 
through a jump-spark type of distributor of novel 
construction, thereby gaining the advantages 
while eliminating the .chief disadvantages of both 
prior known systems. 
In the present system the high potential side of 

condenser l 'I is connected to a conductive ring 22 
on the distributor rotor 23, which may be made 
of any suitable insulating material. This connec 
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tion may be effected through lead 23 and a spring 
pressed brush 26. Ring 22 is in turn connected 
by a conductor 2l to one element 28 of a novel 
distributor electrode. The latter comprises a sec 
ond conductive element 29 separated from but 
electrically connected to the ñrst element 28 by 
an electrical resistor or semi-conductive member 
30. Each of the electrode elements 28 and 29 may 
be constituted by a conductive block or terminal 
embedded in rotor 23 and an electrode plate se 
cured thereto in any suitable manner, such as by 
a set screw or the like. Said plate portions of the 
electrode elements extend into surface engage 
ment with the outer face of semi-conductor 30 
and into spark gap relation with each other, as 
best seen in Fig. 3. Element 30 thus provides a 
high resistance path, the resistance of which is 
less than the resistance to the ñow of currentv 
across the gap between elements 28 and 29 in the 
absence of element 30. The latter is chosen from 
a variety of suitable materials', such` as fused mix 
tures of suitable conductors like silicon carbide 
and iron with insulators like aluminum oxide and 
other‘ceramics, so that when a circuit is completed. 
in a manner hereinafter described, the initial 
surge of current from condenser l'! will flow along 
the surface or- skin of the face of resistor 33> in a 

When the current 
thus flows between electrode elements 22 and 29 
across the face of‘resistor 31”- the gaseous medium 
in the space or gap between the said elements and 
an output terminal 3l' of the distributor Will thus 
be caused to ionize and hence reduce the resist 
ance to current flow thraugh said medium. The 
resistance of the gap is thus lowered sufiicientl‘..7 to 
permit the low voltage charge on condenser Il to 
partially discharge as a low energy spark across 
the gap 28-23 and thereby cause further ioniza 
tion in the space between» elements 23, 29 and 
output electrode 3 l. 
The initial surge of current from the high ca 

pacity storage condenser I 1, when it is discharged 
as described above, is effected periodically by a 
timing mechanism associated in a novel manner 
with the distributor. In the form shown, elec 
trode element 29 is electrically connected through 
a lead 32 to a small or low capacity condenser 33 
which is in turn connected to a `spring pressed 
brush 34 mounted on rotor 23 (Figs. 1 and 3). 
A resistance 3S may be connected in shunt with 
condenser 33. Brush 34 yieldably engages the 
inner surface of the ditri‘outor cover and makes 
periodic contact with a plurality of circularly ar 
ranged contacts 31, all of which are permanently 
connected to ground at 38 through a central ter 
minal 35, thereby completing the circuit, referred 
to above, from condenser l1 across the face cf 
resistor 3B. If desired, condenser 33 and resist 
ance 3S may be connected between terminal 35 
and ground connection 38. 
There are a plurality of distributor output ter 

minals 3l circularly arranged for successive co 
operation with rotary electrode 28, 29. Each ‘said 
terminal is connected with the center or un 
ground-ed electrode 39 of a spark plug or gap in 
a cylinder or other combustion chamber of the 
engine. Each spark plug is also provided with an 
electrode 40 located in sparkv gap relation to elec 
trode 39 and connected to ground at 4| or to the 
low potential terminal of condenser l1. Elec 
trodes 39 and 40 are in usual spark gap relation 
and are bidged by a high resistance or semi-con 
ductive element 42. The resistance of gap 35i-¿3 
is such that the voltage across storage condenser 
l1 insunicient to create a spark acrosssaid-` gap, 
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but the initial surge of current, when the gap 
28-3I is broken »down in the manner above de 
scribed, is believed to now along the surface or 
skin of resistor 42 which is in surface engage 
ment with the spark gap electrodes 39 and 40. 
This flow `of current apparently ionizes the gap 
39-40, thereby reducing its resistance and per 
mitting the major portion of the energy from 
condenser I'I to flow across the gap, thus creat 
ing a high-energy high-frequency spark discharge 
which is capable of igniting the combustible 
charges in the combustion chambers of jet type 
engines, turbine type engines, internal combus 
tion engines and the like. 
As rotor 23 is rotated in timed relation to the 

engine or other device, electrode 28-29 moves 
into successive spark gap relation with each of 
the output terminals 3l, each of which is con 
nected to a spark plug or gap 39, 40. Brushv 34 
is als-o carried by the rotor and moves into con 
tact with anl electrode 31 each time movable elec 
trode 28:, 29 is opposite a terminal 3|. 
DependingY upon the other circuit constants, 

the energy desired, and the operating conditions, 
the capacity of condenser I1 may be of the order 
of .5 to 2 microfarads. These values have been 
found satisfactory for different engine ignition 
system installations. The capacity of condenser 
33, on the 4other hand, is muc-h less, i. e., of the 
order of .1 microfarad. The capacity of con 
denser 33 should be only sufficient tc draw the 
requisite amount of energy from condenser I1 
along the face of resistor 30 and across gap 28-29 
in the manner and for the purpose above de 
scribed. When condenser 33 is fully charged the 
remainder of the energy from condenser Il is 
vdissipated across gaps 28-3I and 3‘9‘-40. Like 
Wise, the charge built up on condenser 33t dis 
charges simultaneously with condenser lT across 
gaps 293| and 39-40. Resistance 36 which 
may be -of the order of 1v megohm` is ‘provided’ to 
absorb any residual charge on condenser 33 as 
the rotor moves from one discharging position to 
the next to thereby insure an adequate initial 

' ñoW of energy at each station to initiate the op 
eration described. 

It will be understood that condenser l1 is be 
ing continuously charged by magneto lil-l5' or 
any other suitable source of electrical energy. 
When using a spark gap 39-40 of practical di 
mensions, for example about .020 inch in an an 
nular gap, satisfactory operation may be attained 
by providing a source voltage of about 800 to 
1000 volts across condenser I'T. This voltage is 
insufficient to cause a spark discharge »across4 any 
of »the gaps 28-29, 28-3I and 39--40 in the 
absence of resistors 30 and 42. Preferably, the 
latter -should be so constituted that the initial 
discharge applied thereto will create a flovvV of 
energy along the surface or skin thereof adjacent 
the associated spark gap. The dissipation of en 
ergy Within the resistor should be kept to a min 
imum and to this end the actual conductive por 
tion of members 30 and 42 adjacent the gap may 
be relatively thin. Consideration must be given, 
however, to the life of this conductive layer or 
ñlm under continuous sparking operation at- high 
temperatures in the presence of combustible 
gases. 
There is thus provided a novel electrical' cir 

cuit wherein energy from a single relatively loW 
voltage source may be dissipated as successive 
high-energy spark discharges across spark gaps 
in a plurality of branched circuits whereby the 
same is adapted for use as an improved ignition 
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'system for multi-cylinder reciprocating engines 
as well as for jet and turbo-jet engines. 
_novel system also eliminates many of the hazards 

This 

of high voltage ignition systems now in common 
use, such as, for example, the hazards of flash 
overs in the distributor and other parts of the 
circuit, especially at high altitudes, and of fouled 
spark plugs, both of which result in a reduction of 
available power and ‘possible engine failure. Ad 
"ditionally, the circuit provided operates in ac 
cordance with a novel method for creating spark 
discharges and embodies novel means for timing 
the occurrence of successive spark discharges in 
relation to the operation of an engine or the like. 
The circuit comprehended is also highly efficient 
and has a wide range of adaptability. The source 
"of voltage for the present circuit, -the'width of the 
' spark gaps and the energy in the sparks may be 
varied between wide limits, depending upon the 
results desired and the operating conditions. 
vAlthough only a single embodiment of the in 

vention is illustrated in the drawing and de 
scribed in the foregoing speciiication, it is to be 
expressly understood that the invention is not 
limited thereto. The circuit shown and described 
is a high-frequency high-energy system with 
the spark being created by discharging con 
densers, but suitable low-frequency sources of 
energy may be substituted and the energy in the 
sparks created may be very materially varied. In 
vsome installations the resistance 30 may be dis 
pensed with depending upon the voltage em 
ployed and other circuit constants and dimen 

Various changes may also be made in the 
design and arrangement of the parts illustrated, 
as well as in the materials, electrical values, and 
circuit constants herein suggested as suitable 
without departing from the spirit and scope of 
the invention as it lwill now be understood by 
those skilled in the art. For a delinition of 
the limits of the invention, reference is had 
primarily to the appended claims. 
What is claimed is: 
1. Apparatus of the class described compris 

ing a source of electrical energy, a storage con 
denser connected to be charged by said source, 
a second condenser of less capacity than said 
storage condenser, means for electrically con 
necting said condensers, said means including a 
pair of electrodes in spark gap relation and a 
resistor connecting said electrodes, and means 
for intermittently completing a circuit through 
said condensers whereby said storage condenser 
discharges through said resistor `and across the 
gap between said electrodes into said second 
condenser. 

2. Apparatus as defined in claim 1 wherein a 
resistance is connected in shunt with said sec 
ond condenser for absorbing the residual charge 
thereon when the circuit is open. 

3. In apparatus of the class described, a source 
of electrical energy including a storage con 
denser, a second condenser, and means connecting 
said source and said second condenser including 
a pair of electrodes in spark gap relation and a 
resistor connecting said electrodes in proximity to 
the gap therebetween. 

4. In apparatus of the class described, a stor 
age condenser, means for charging said con 
denser, a spark gap comprising three spaced elec 
trodes, a resistor connecting two said electrodes, 
means for connecting said two electrodes to op 
posite terminals of said condenser, and an elec 
trical load connected to the other of said elec 
trodes. 
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5. In apparatus of the class described, a source 
of electrical energy, a pair of electrodes form 
ing a spark gap, a resistor connecting said elec 
trodes in proximity to said gap, means connect 
ing one of said electrodes to one terminal of said 
source, and means for connecting the other elec 
trode to the other terminal of said source, said 
„last-named means including a condenser. 

6. Apparatus as deñned in claim 5 wherein a 
resistance is connected in shunt with said con 
denser and the last-named connecting means 
is intermittently operable. 

' 7. Apparatus of the class described compris 
ing a source of electrical energy including a stor 
age condenser, a second condenser of less ca 
pacity than said storage condenser, means for 
intermittently electrically connecting said con 
densers including spaced electrodes, a resistor 
connecting said electrodes and intermittently 
operable contact means, and means such as a 
resistance in shunt with said second condenser 
for dissipating residual energy in the latter when 
the circuit is open. 

8. The combination with apparatus as defined 
in claim '7 of a third electrode in spark gap rela 
tion with at least one of said spaced electrodes, 
a spark gap in circuit with said third electrode, 
and a resistor connecting the electrodes of said 
spark gap. 

9. Apparatus of the class described comprising 
a source of electrical energy including a storage 
condenser and means for distributing electrical 
energy stored in said condenser to a plurality of 
branch circuits comprising a pair of revolving 
Aelectrodes in spark gap relation, a resistor con 
necting said electrodes, means connecting one of 
said electrodes to a terminal of said condenser, a 

vplurality of circularly arranged terminal elec 
trodes with which said first-named electrodes 
move successively intospark gap relation, and 
means for connecting the other of said first 
named relectrodes to the other terminal of said 
condenser whenever said first-named electrodes 
move into spark gap relation with one of said 
terminal electrodes, said last-named connecting 
means including a condenser. 

10. The method of producing an electrical 
spark discharge which comprises the steps oi' 
charging a storage condenser, partially dis 
charging said condenser into a second condenser 
to ionize a spark gap and render the latter con 
ductive to the charge on said storage condenser, 
and thereafter discharging said storage condenser 
across said gap. 

1l. The method of producing an electrical 
spark discharge which comprises the steps of 
charging a storage condenser, partially discharg 
ing said storage condenser into a second conden 
ser through a high resistance adjacent a spark 
gap to ionize the latter, continuing the discharge 
of said storage condenser across said gap into said 
second condenser. and thereafter discharging said 
condensers simultaneously across a second spark 
gap ionized by the discharge across said ñrst 
spark gap. 

12. The method of creating an electrical spark 
discharge which comprises ironizing a first spark 
gap by passing electrical current through a high 
resistor adjacent said gap and connecting the 
electrodes thereof, ionizing a second spark gap 
with the electrical discharge across said first gap, 
and thereafter creating an electrical discharge 
across said second gap. 

13. The method of ionizing a spark gap which 
comprises charging a storage condenser, and dis 
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charging; said*l storage; condenser intor a second 
condenser through a resistor connecting a pair 
ofl spaced electrodes» and across the spark gapbe 
tween@ said electrodes Ywhereby a spark gap be 
tween onei of said» electrodes anda thirdelectrode 
isiOniZed. 

14. Electrical apparatus of the class described 
comprising a plurality of circularly disposed ter 
minal electrodes, a rotatable member, a pair of 
spacedl electrodes forming» a spark gap and car 
ried> by said» member into successive spark gap 
relation with said terminal electrodes during ro 
tationV of` said member, a resistor element con 
necting said spaced electrodes and bridging the 
gap-therebetween, and means for connecting said 
spaced‘electrodes across the terminals of a source 
of electrical energy. 

1'5. Electrical apparatus of the class described 
comprising a plurality of terminal electrodes, ro 
tatable means, a pair of spaced electrodes form 
ing a spark gap- carried by said means into suc 
cessive spark gap relation with said terminal 
electrodes, means for connecting one of said 
spaced electrodes to one terminalof a source of 
electrical energy, and means including a conden 
ser for connecting the other of said spaced elec 
trodes to the other terminal of said source. 

16. Apparatus of the class described comprising 
rotatable means, a pair of spaced electrodes form 
ing a sparkY gapV carried by said> means, and means 
for periodically connecting said spaced electrodes 
across the terminals of a source of electrical en 
ergy. 

17A. An ignition distributor comprising a plu 
rality or circularly disposed terminal electrodes, 

> a rotatable member, a pair of spaced electrodes 
forming. a spark gapl and carried by said member 
into successive spark gap relation with said ter 
minal electrodes, a resistor connecting said spaced 
electrodes and bridging the gap therebetween, 
means including a` brushl contact for connecting 
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oneofK saidk spaced electrodesto a source of elec 
trical energy, and means including a brush coru 
tact for periodically connecting the other of> said 
spaced electrodes tov the other terminal of said 
source. 

18; In electrical apparatus of theA class» de 
scribed, a pair> of spaced' electrically conductive 
elements, an electrical resistor mountedv between 
said elements, and an electrode removably se 
cured to each of said elements and extending Vinto 
spark> gap' relation> with each- other in contact 
with said resistor, and the latter being otherwise 
insulated from said elements. 

19. In electrical apparatus of the class de 
scribed, a pair of spaced electrically' conductive 
elements, an electrical resistor between said` ele 
ments, and an electrode. removably secured to 
each of said elements and contactingl said re 
sistor, the'ad'jacent ends of said electrodes form 
ing a spark gap bridged by said resistor, and the 
latter being otherwise insulated’ from Said ele 
ments. 
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