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nance of the resonator. In accordance with’a 
further feature of the invention, the resonant 
circuit may comprise a cavity resonator having 
a movable tuning element directly connected to 
a piston of the chamber. In accordance with still 
another feature of the invention, part of the com 
bustion chamber walls are the walls of the cavity 
resonator, and, moreover, the chamber and reso 
nator walls may be the same. A further feature 
of the invention recognizes that there is an opti 
mum sparking frequency for a spark-gap through 
a gas mixture. Therefore, I provide tuning of 
the generator and tuning and timing of the reso 
nator so that not only does the sparking occur 
in the proper timed relationship, but also at the 
optimum frequency to assure an ample ?ring 
spark. In accordance with still a further feature 
of the invention, the exhaust valve is placed to 
lower appreciably the cavity resonator Q. Thus 
sparking when the exhaust valve is closed, which 
is the case in most engines during the compres 
sion and ?ring time of the cycle, is allowed, while 
sparking during the exhaust and intake cycles 
is e?ectively inhibited. The sparking in one 
chamber, at a time when sparking is desired in 
another companion chamber might prevent the 
desired spark in that companion chamber at the 
proper time. Further, therefore, in accordance 
with another feature of the invention, the open 
ing of a valve may so affect the tuning of the 
cavity resonator comprising at least a portion of 
the combustion chamber that no two combustion 
chambers can be sparked at the same time. 
Referring now more particularly to Fig. 1, an 

internal combustion engine has a cylindrical ' 
combustion chamber It with walls I2, [4, and 
E8, the latter wall 18 being movable and being 
the piston head of the engine. A showing of 
the ports and valves is omitted from the draw 
ing wherever not required for a clear under 
standing of the invention. A high-frequency 
source of electrical energy 20 preferably of ad 
justable frequency, as by a dial 22, is coupled 
by a transmission line, in this instance shown 
as a coaxial transmission line 24, to a resonant 
circuit or resonator, in this instance cavity reso 
nator 26. Cavity resonator 26 includes a mov 
able tuning element, the piston-like wall mem 
ber 28. Resonator 2B is also coupled to trans 
mission line 36 the central conductor 32 of which 
terminates at the wall l2 connected to the outer 
conductor 34 of line 30 through wall Hi of com 
bustion chamber lEl. Conductor 32 passes 
through wall ill through an insulating seal of 
dielectric material 36 which closes the chamber 
IE! against loss of compression at the entry of 
conductor 32. Conductor 32 has, however, a 
gap 3% which is the spark-gap of the ignition 
system for combustion chamber 10. Pistons l8 
and 28 are linked by a mechanical coupling or 
linkage 43 which brings both pistons to a pre 
determined position relative to each other on 
the ?l‘ll’lg stroke of the piston. As will appear 
more fully hereinafter, the high-frequency source 
20 may be actuated by a distributor arrange 
ment which, however, in accordance with the 
invention, then serves an entirely different func 
tion from that of the usual distributor arrange 
ment. On the other hand, the usual distributor 
arrangement may be entirely omitted to ad 
vantage as will appear more clearly hereinafter. 
In operation, high frequency source 20 is ex 

cited to supply high-frequency energy to cavity 
resonator 26. The energy thus supplied is there 
by coupled to line 30 through the cavity reso 
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4 
nator 26. The amount of energy thus coupled 
to line 38 depends on the tuning of resonator 
26 and is a maximum when the cavity reso 
nator is tuned to the frequency of the high 
frequency source 28. It will be understood that 
source 29 may, if desired, include buffer stages 
or other isolating means, to prevent the cavity 
resonator from shifting the frequency thereof 
to any appreciable degree. The travel of piston 
23 may be adjusted so that the cavity resonator 
is tuned substantially to the frequency of source 
20 at the moment when a spark is desired at 
spark-gap 38. The amount of energy supplied 
the resonator 25 is then adjusted so that spark 
ing is effected when the point of resonance is 
reached. It will now be appreciated that the 
source 20 may be adjusted in frequency to pro 
vide an adjustment of the time of sparking in 
relation to the time of travel of piston [8 of 
chamber Iii, so that adjustment by means of 
adjusting the relative movements of the piston 
l8 and piston-like member 28 may be dispensed 
with. The Q of cavity resonators such as reso 
nator 26 may be made exceedingly high, say of 
the order of 10 to 20 thousand. The frequency 
to which the resonator is tuned is thus sharply 
and de?nitely dependent on the position of tun 
ing member 28. Hence the point of travel of tun 
ing member 28 at which the spark will jump 
across spark-gap 38 may be determined with 
great de?nitude and sharpness with respect to 
the position of piston l8. _ 
A further re?nement of the invention may be 

effected by causing chamber 10 itself to become 
electromagnetically resonant at the desired fre 
quency at the desired point of its travel for 
sparking. The ?eld strength built up to break 
down the spark-gap 38 across the terminals of 
conductor 32 de?ning the spark-gap is thereby 
increased at resonance. This may be accom 
plished, for example, by’ suitably relating the 
sizes of cavity resonator 26 and chamber H] to 
be of the same size if they are excited in the 
same mode of oscillation. It will be understood 
by those skilled in the art that the modes of 
oscillation chosen are preferably those which 
minimize currents between the ?xed and mov 
able walls of the cavity resonator or resonators 
to avoid the lowering of the Q and the require 
ment of good electrical contact at high fre 
quencies between the walls movable with respect 
to each other. The cavity resonator walls may 
be of high conductivity,'for example, silver 
plated. The arrangement of Fig. 1, just de 
scribed, having a separate cavity resonator has 
theadvantage that carbon and other extraneous 
material does not deleteriously affect the high 
Q of this separate resonator. However, this ar 
rangement does require a separate mechanical 
linkage. _ . 

Referring now more particularly to Fig. 2, a 
cavity resonator 50 is coupled to the oscillator 
28 through transmission line 24 sealed into the 
engine wall Ill shown enlarged to make room 
for the cavity resonator. The cavity resonator 
5B is coupled to the combustion chamber In by 
transmission line 30 which passes through wall 
M in this case. The central conductor 32 of 
line 39 may be supported by means well known 
which may provide free communication for gases 
between cavity resonator 50 and chamber I0. 
Thus differential pressures are avoided. How 
ever, such free communication may be prevented 
if access of gases to resonator 50 may adversely 
effect wall conductivity. A central cylindrical 



saga; 
projectionlllf item piston il'Bbifits. 'thefwaills" of 
cavity resonator 250 the cavity of whichIis lhol 
lowed Tout .Qrwan "I54. Projection .52 may ‘form 
only. a loose?t withthe sidelwallsojlthelhollowed 
portion if the mode .of oscillation ‘is ‘properly 
chosen, for example, ‘Jto be the ‘TE‘ou mode 'hav 
ing .circular ‘electric lines‘ of: {force and excel? 
tionallyhigh Q'. ‘Thus the ,directvelectrica'l con 
tact of projection 52‘ with 'thev,-side~walls or cavity 
resonator 50. becomes unimportant. The cou 
pling of transmission “line £34 to cavity resonator 
Ellis byaprobe 54. _ _ ‘ 

Thearrangement of‘rFig,'2-operatesiin-aman 
ner similarto that-of Fig. ‘1.. ‘Source YZlImayQ-be 
tuned to determine the >point'of travellof projec 
tion=52~at which the .sparkgap :38 “?res, aswillbe 
clear'to those skilled inthe-art ofr-electronicsand 
cavityiresonator-s. Further, the ‘dimensions of 
cavity‘ resonator 50 maybe chosen toproviderthe 
desired resonance at the ldesired-point of travel 
at'aifrequencytorconform to the optimum spark‘ 
ing frequency for thegaseouscombustion’mixture 
in chamber Ill. That there are such. optimum 
frequencies is evidenced ‘by the article by Herlin 
and Brown in the Physical Review, vol. 74, page 
‘2391' (‘1948), and one appropriate to ‘a reasonably 
dimensioned cavity resonator 50 may readily ‘be 
chosen, as a ‘general‘rule. The arrangement of 
Fig.2 has the advantage that no separate 'gear 
ing or mechanical linkages are required, since the 
tuning member of cavity resonator 50, in this in 
stance the projection 52, is directly connected 
mechanically to the. movablev wall member of 
combustion chamber l'llpthat is, rto-‘theypiston l8. 

Referring now to Fig. 3, which is a cross-sec 
tional view of an embodiment of the invention 
similar insome respects to that‘of'Fig. 2, the'cav 
ity resonator 50 is not coupledlthrough a-separate 
transmission line to oombustionchamber. it, ‘but 
.i's-itself an auxiliary combustion chamber.‘ ‘Cav 
ityresonator 50 is preferablyexcited in the dom 
inant .TM'rmode, in which eventa strongelectric 
?eld is created between the, central ‘portions 56 
'andr58 of the circular end walls respectivelyof 
the .cylindrically shaped resonator. C‘entral'gpor 
1tions 156; and ‘58 then ‘become the terminalsof a 
spark-gap which ‘is the space between them. 
These terminals and’the:spark-gap‘between them 
are obviously 1in circuit with the cavity resonator 
-50~,-being.a part of ithewalls thereof. In thisem 
bodiment -I prefer to add pointed metallic pro 
jections '6'4 and ‘6.6 ‘which approach in .near con 
tact witheach other at the time for sparking and 
which extend from ‘central ‘portions 56 and.‘58. 
The projections ‘56 and 158 :are then ‘the terminals 
between which is the :spark-Igap. fl‘hesejprojec 
tions 56 and??ytendétolincrease the :fle’ldigradient 
'in the spark-gap between them .and 'thereby'aid a 
break-down of the gas 'atiresonance. Cavity‘rese 
onator 50 and combustion chamber-‘Hircommuni 
.cate with ‘each other freely, if ' not’ at thelmoment 
of ?ring, then shortly ‘thereafter; injthe, engine 
cycle, depending on the design and~mode£of-ex 
citation .of cavityxresonator 50, the;compression 
ratios desired, and the‘; degree of electrical con 
tact required between projection 52 and the side 
walls of cavity, resonatori?v Thuscombustion 
‘occurs :in both chambers. Therefore, ‘ a ‘portion 
of combustion chamber Ill] is identical -with cavity 
‘resonator. .58. ‘Projection 52‘ may be "considered 
aipart-of the piston 48.‘ Time ofrspa-rkingiinfrela 
tion; to piston, position again‘ may be controlled 
lbylcontrolling-the‘frequency of source .20. v I 
Referring now {more particularly to; Fig. :4, 

which is a cross-sectional view of an embodiment 
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of .tlieTinventiondnwhich cavity ‘resonatortai and 
combustion chamber -l I] have-‘identical walls. ‘on 
aXial transmission ‘line’"2‘4 ‘is coupled ‘to ‘thecavi'ty 
resonatorby a couplingTloopl'lll. The centralcon 
doctor. is .passed ‘through dielectric I sealing ‘ma 
terial "12. T11‘. .su?ic'ien'tl‘y ‘high ‘frequencies are 
used, the central ‘conductor ‘may be omitted, the 
outer conductor of ‘transmission line ‘.24 ‘having 
suitable ‘dimensions to act as .a waveguide'trans 
mission line andappropriate coupling means ‘then 
being; substituted for couplingxloop T0 and-the dis‘ 
electric sealing ymaterial sealing .theiap‘erturelin 
‘Wall 12,, leading, to the waveguide. "There is a 
sparkggap l4;between the point of a-sc'rew 1-6 .in 
wall»!!! of chamber“), and the central .portion 
of cylinder ‘13'. This ‘permits adjustment of ‘the 
gap with a .certainl'amount‘ of ‘tuning. of the cat; 
ity resonator. Timebf ‘sparking ‘may be con 
trolled, as before, by adjustment of the frequency 
of source 20. ‘.Moreover, inamulti-cylinder en 
gine, ‘allcombustion chambers may be resonated 
byadjustment of screw 16 at the-corresponding 
positions of piston t8, after which the timing of 
the sparking may beeffected by frequency con 
tro1dial22 for theengine as a whole. This result 
may be reached wherever the cavity resonator 
may be tuned separately ‘from the moving tuning 
member. . 

Referring now more particularly to Figs. 15, 
6 and '7 whichare respectively a cross-sectional 
view of still another embodiment of the invention 
and partial cross-sectional views thereof, com 
bustion chamber] 0 is again identical with cavity 
resonator 68. The construction and operation is 
similar to the arrangement of 4, except that 
there is no screw 16. Instead, a capacitive pro 
jection 86 is attached to the wall l'dvof chamber 
In. From capacitive projection 80; which may 
be cylindrical as shown, there is a pointed metal 
lic probe 82' projecting centrally thereof which 
tends to increase the gradient of the electric-?eld 
in‘the vicinity of thepoint and across the spark 
gap'84 (as seen in 'Fig. 7") of which probe'82 is one 
terminal. The other terminal of spark-gap '84 
is. a metallic "wire-like loop ~86. (Loop 86<is ar 
ranged in such a manner that 'in' the sparking 
position of the ,parts as illustrated ‘by‘the partial 
crossesectional view of Figs;6 ‘and 7, the probe‘ 8'2 
and loop 186. are substantially'spaced equaldis 
tances from 'eachother throughout the time of 
travel of piston 1'8 durin'g‘which thecavity resi 
onator ‘6E (identical with combustion chamber 
1:0) approaches,:and'recedes with the travel 01' 
piston ['8 from "itsfcondition of ‘resonance. The 
purpose vof thecapacitive projection-.88 which'is 
incapaciti-ve relationship particularly with pis 
éton I8‘ is ‘to cause the capacity between the "end 
‘walls OfiCSzVltY resonator 68 tochange withg-reat 
y-er rapidity with the ‘motion 'of ‘piston l‘8- than 
would be ‘:the case were the projection 89 absent. 
Therefore, the frequency of resonance changes 
with greater rrapidity with motion of-piston l8, 
and consequently the position of the piston at 
which sparking occurs across spark-gap 84ifora 
de?nite frequency of source 20 “is de?ned with 
greater accuracy. The arrangement of ‘probe 82 
‘and wire v864s such that the spark-gapbetween 
these terminals is ‘of a ?xed distance through 
out the rangeof motion of ‘piston 18 within which ' 
ity is expected that sparkingis desired. 'Conse 
.quently, sparking islcontrolle'd and determined 
morecompletely bythe motion of the piston 18 
(and the resonance .of cavity resonator ‘68 ithan‘by 

, lanyafaotor which might include the spacing of 
75 the terminals across spark-gap's’ll. 
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Referring now more particularly to Fig. 8, 
which is a cross-sectional view of an embodiment 
of the invention. [Combustion chamber I0 and 
the cavity of cavity resonator 68 occupy the 
same, space. A plate I00, having considerable 
capacity with piston I8, is adjustable by a screw 
H12. Screw ‘It, with a pointed probe end, similar 
to screw 16 of Fig. 4 but differently placed, is also 
threaded through wall [4. The probe may be 
adjusted for a desired spark-gap spacing and 
serves as one terminal de?ning the spark-gap 
and being coupled to cavity resonator 68 through 
the. walls thereof. The other terminal of the 
spark-gap is a portion of the cavity resonator 
wall formed by piston l8. Capacitive plate 100 
may be adjusted to give sparking at a desired 
frequency, the probe being adjusted for a de 
sired spark-gap length. The probe increases the 
?eld gradient across the spark-gap. The posi 
tion of the probe screw 16 is determined largely 
by the ?eld con?guration of the mode of ex 
citation of cavity resonator v(i8. As understood 
by those skilled in the cavity resonator art, 
there may well be more than one preferred posi 
tion among which a choice may be made as de 
sired. For a different adjustment of probe 16, 
a different adjustment of plate N39 is required 
to resonate cavity resonator 68 at a desired fre 
quency. The operation of the device and the 
advantage of plate I00 as a capacitive projec 
tion from wall i4 will be understood from what 
has been said heretofore. Source 2i! may be 
adjusted in frequency to cause sparking at a 
desired point in the engine cycle. 
Thus far, no particular comment has been 

made upon the part which a distributor system 
may or may not play in the practice of the in 
vention. As the invention relies upon the tuning 
of a resonator for causing a spark across the 
spark-gap at the desired instant of time, it 
is clear that a distributor in the ordinary sense 
is not required. However, a distributor may be 
used, if so desired, particularly in multi-cylin 
der four-cycle engines, to provide energy to a 
particular combustion chamber of such an en 
gine only during an interval of time which 
starts immediately before and ends after the 
time at which sparking is to occur. In prior 
systems, sparking energy is applied at the precise 
time or instant that ?ring of the spark gap is 
desired. However, in the system of the inven 
tion, energy is applied by means of a permanent 
connection such as coaxial line 24 of Fig. 1 
or by means of a suitable distributor continuous 
ly from before to the time at which the motion 
of the tuning element tunes the resonant circuit 
such as chamber 26 of Fig. l to the frequency 
of the applied energy. Such an arrangement 
as one of those proposed herein does not rely 
on the distributor for the time of sparking in 
relation to the ?ring cycle except in a second 
ary sense. Such a distributor system may be de 
sirable, however, in order to prevent a non 
?ring combustion chamber the piston of which 
reaches the same relative position at the same 
time as the piston of a ?ring chamber, from 
sparking and its being ?red at the same time 
as the chamber which is at the beginning of 
its ?ring stroke. However, I can dispense even 
with such a distributor. For this purpose a port 
of the engine which is closed at the time spark 
ing is desired and open at the corresponding pis 
ton position when sparking is not desired and 
suitably to affect the Q of the cavity resonator 
when open. Referring now more particularly 
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8 
to Fig. 9, which ,is a cross-sectional view of such 
an arrangement similar in most respects to that 
of Fig. 5, and bearing similar reference numerals, 
there is a port 90 in wall M which may be the 
exhaust port of combustion chamber I0. Valve 
head 92 serves as a closure for exhaust port 90. 
The entry of exhaust port 90 into combustion 
chamber In (identical with cavity resonator 68) 
is located, having due regard to the mode of 
excitation of cavity resonator 68, so that when 
the valve 92 is open, the opening of port 90 in 
the cavity resonator 68 causes the Q of cavity 
resonator 68 to be appreciably decreased. The 
appropriate position in a wall of resonator 68 
for, particular modes of excitation will be well 
understood by those skilled in the cavity 
resonator art. The position of the port is pref 
erably chosen to interrupt the heaviest current 
?ow in the resonator walls consistent with the 
requirements for its other function in exhaust 
ing gases. Consequently, when the valve head 
92 is in the open position, the Q of cavity 
resonator 68 is low compared to the Q of the 
cavity resonator when valve head 92 is in the 
closed position and serving as a closure for com 
bustion chamber H! at the end of the compression 
stroke of piston l8 and just at the time when 
sparking is to occur across gap 815. It will now 
be apparent that if an engine includes a plural 
ity of combustion chambers such as combustion 
chamber Hi, all being similar, that on the 
termination of the exhaust stroke of one of the 
chambers It, the piston l8 and valve head 92 
will be in somewhat the position as shown in Fig. 
9, with the exhaust port 96 open and the Q of 
cavity resonator 68 decreased. Another piston 
l3 will then be in a similar position and the 
parts of combustion chamber is will be similar 
ly located except that valve head 92 will be in 
a closed position, if the engine is of the customary 
four-cycle multi-piston type. The combustion 
chamber is having valve head 92 closed, how 
ever, will have a comparatively high Q and ac 
cordingly the energy from source 29 which may 
be coupled simultaneously to all the cavity 
resonators 68 (and chamber [0) of the multi 
cylinder engine, will cause a spark only in the 
spark-gap ill; of the high Q chamber, assuming 
that the spark-gaps are appropriately adjusted. 
The transmission line it in such an arrangement 
may be appropriately branched with a branch 
94, for example, to lead to other combustion 
chambers, only one such branch being shown 
in Figure 8. It is not harmful, and may be help 
ful, if the ?ring chamber is ?red twice, once by 
a spark at the usual time a few degrees before 
the piston reaches the top of its travel, and again 
as it is making the power stroke, when it again 
passes the critical position of resonance. How 
ever, it does not ?re on the exhaust stroke when 
the exhaust port is open. 

It will be noted that in addition to decreasing 
the Q of the cavity resonator 68, valve head 92 
acts also as a capacitive projection which, at the 
time the port is open, tunes the resonator to a 
different frequency. In consequence, the detun 
ing may be made sufficiently great, as by an 
added projection on the valve head 92, that the 
sparking in chamber 68 across spark-gap 84 oc 
curs at a different time from the sparking with 
the port 90 closed. Thus the companion chamber 
is not ?red at the same time. If, for example, 
a companion chamber timed to exhaust when pis 
ton‘ l8 was making its compression stroke (and 
vice-versa) were sparked when chamber 68 was 
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combustion chamber and the cavity of said cavity 
resonator occupying the same space. - 

18. The combination claimed in claim 9, said 
movable wall member and said tuning element 
being the same member. 

19. The combination claimed in claim 18, said 
movable wall member being a piston and said 
cavity resonator having one of the cavity walls 
thereof de?ned by said piston. 

20. In combination with an internal combus 
tion engine having a combustion chamber with 
a movable Wall member, a high frequency circuit 
having a spark-gap in said chamber and com 
prising a cavity resonator having a tuning ele 
ment movable in timed relation with the said 
engine member, means to apply high frequency 
energy to said circuit from a’ source of high 
frequency energy, continuously from before to 
the time at which the motion of said element 
tunes said chamber to the operating frequency 
of said source, whereby the precise time of ?ring 
of said spark-gap is determined by the position 
of said element, said chamber having a wall with 
a port therein closable by a closure, said wall 
with said port being also a Wall of said cavity 
resonator, said port being opened and closed 
by said closure in timed relation with said mov 
able wall member and being positioned to de 
crease the Q of said chamber with the port 
open over the Q of said chamber with the port 
closed by said closure. 

21. The combination claimed in claim 20, said 
movable wall member being a piston. 

22. The combination claimed in claim 20, said 
port being an exhaust port for said engine. 

23. The combination claimed in claim 20, said 
engine being a four-cycle engine, said port being 
an exhaust port. 

24. In combination with an internal combus 
tion engine having a combustion chamber with 
a, movable wall member, a high frequency circuit 
having a spark-gap in said chamber and com 
prising a cavity resonator having a tuning ele 
ment movable in timed relation with the said 
engine member, means to apply high frequency 
energy to said circuit from a source of high 
frequency energy, continuously from before to 
the time at which the motion of said element 
tunes said chamber to the operating frequency 
of said source, whereby the precise time of 
?ring of said spark-gap is determined by the 
position of said element, said chamber having 
a wall with a port therein closable by a closure, 
said wall with said port being also a wall of 
said cavity resonator, said port being opened and 
closed by said closure in timed relation with 
said movable'wall member and being positioned 
to alter by its motion between open and closed 
positions the frequency of resonance of said 
resonator. ' 

25. The combination claimed in claim 24, said 
closure being a valve head and having a capaci 
tive projection to increase the frequency altera 
tion over the alteration that would be effected 
without said projection. 

26. The combination claimed in claim 24, said 
closure being a. valve head, said movable wall 
member being a piston. 

27. In combination with an internal combus 
tion engine having a combustion chamber with 
a piston, a high-frequency circuit having a 
spark-gap in said chamber and comprising a 
cavity resonator the cavity of which occupies at 
least a portion of’said chamber, said cavity reso 
nator having a tuning element comprising said 
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12 
piston and the walls thereof having a projection 
in a position toward which and away from which 
said piston travels and said projection having 
a highly capacitive relation to said piston 
means to apply high frequency energy to said 
circuit from a source of high frequency energy, 
continuously from before to the time at which 
the motion of said element tunes said chamber 
to the operating frequency of said source, where 
by the precise time of ?ring of said spark-gap 
is determined by the position of said element. 

28. The combination claimed in claim 2'7, Said 
spark-gap being de?ned between terminals at 
least one of which is a pointed probe. W 

29. The combination claimed in claim 27, the 
position of said projection being adjustable 
whereby resonance of said cavity resonator and 
sparking across said spark-gap may occur at an 
optimum frequency with regard to the gas in 
said chamber. 

30. In combination with an internal combustion 
engine having a combustion chamber with a pis 
ton, a high frequency circuit having a spark-gap 
in said chamber de?ned by terminals at least one 
of which is a pointed probe and comprising a 
cavity resonator the cavity of which occupies 
at least part of the space of said chamber, said 
cavity resonator having a projection in a po 
sition from which and toward which said piston 
travels and said projection having a highly 
capacitive relation to said piston, said probe ex~ 
tending from said projection, said piston being‘ 
a tuning element for said cavity resonator 
means to apply high frequency energy to said 
circuit from a source of high frequency energy‘, 
continuously from before to the time at which‘ 
the motion of said element tunes said chamber‘ 
to the operating frequency of said source, where-I 
by the precise time of ?ring of said spark-gap 
is determined by the position of said element. 

31. In combination with an internal combus 
tion engine having a plurality of combustion 
chambers each with wall member movable in 
predetermined time relation to the others, a 
high-frequency circuit having a spark-gap in 
each of said chambers and comprising a plu 
rality of resonators one for each chamber and 
each resonator having a tuning element mov 
able in timed relation with said movable wall 
members, and a source of high-frequency energy 
coupled to each said resonator means to apply 
high frequency energy to said circuit from a 
source of high frequency energy, continuously 
from before to the time at which the motion 
of said element tunes said chamber to the op 
erating frequency of said source, whereby the 
precise time of ?ring of said spark-gap is de 
termined by the position of said element. 

32. The combination claimed in claim 31, said 
resonators each being a cavity resonator having 
walls identical with the walls of said chambers. 

33. The combination claimed in clam 32, the 
frequency of the energy of said source being 
adjustable. 

34. The method of producing a spark in the 
combustion chamber of an internal combustion 
engine with a movable Wall member and having 
a resonant circuit coupled to terminals de?ning 
a spark-gap in the combustion chamber, com 
prising the steps generating high-frequency en~ 
ergy of a predetermined frequency, applying said 
energy to said resonant circuit, and there 
after and during application of said energy tuning 
the resonant circuit in timed relation with said 
movable member from non-resonance to reson 
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ance at said predetermined frequency, to couple 
said resonating energy to said terminals with, 
su?icient energy to produce a spark across the 
spark-gap at a time determined precisely by the 
moment of tuning said resonant circuit to said if 
resonance. 

35. The method claimed in claim 34, further-ii“ 
comprising altering the frequency of the generated"! 
energy to alter the time relation of the spark" 
with respect to the movable member. 

ERNEST G. LINDER. ' 
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