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This 1nvent10n relatES *generally to 1gn11;1on
systems for 1nterna1 combus on-éngines-and more
particularly to ignition* systems utilizihg voltages
of ultra-hlgh-frequency for sparking.

TIgnition systems heretofore proposed employ
distributors in which ‘s “contact element moving
in timed relationship to the'thovihg 'parts of the
engine, for example, the piston, ¢ompletes-a cir-
cuit to couple the’ sparkmg*energy ‘to'a spark plug
or ‘other device’at ‘the ‘propér instant of tine fo
fire the combustmn mlxture n the combustlon
chambet of the’ engine, C

tem requ1res prec1se gearmg" mechamsm, often
f N . th

be'used 1n sparkmg ‘throuigh ‘the:g:
tion ‘mixture. Adjustment of the timing i§ diffi-
cult.

Tt {5 "an dbject ‘of ‘the ‘invention to provide &
ngvel 1gmt10n system snd méthod ‘of igiiition of
an internal combustion engine.

Ttis another object of ‘the ‘inveéntion ‘to-ilnprove
the: sparking of ‘an “nternal’ combustxon ‘engine.

A further obJect of "the mventlon 18 ‘to sim=
plify the ignition “system-of ~1nternal combus-
tioh engine, and partlcularly ‘to 51mp11fy the'ine=
chanical fedtures of such'a system.

Another object of ‘the invention is to-provide
an ignition system ahd method i ‘which the tim-
ing of ‘the sparkmg ‘may’ be adjusted with otly
minor mechamcal adaustment -and “further, in
sonie embodlments without “mechanical -adjust-
ment ab all.

These snd 6ther objects; advantages, and novel
features of the invention will become more: fuIly
apparent from “the’ followmg deseription when
taken in connectmn w1th “the -aceompanying
drawing.in wh1ch like’ reference nurerals réfer to
parts which may be' the same and in which:

Fig. 1'is & cross-sectlonal Yyiew illustratihg’em-
bodiment -of ‘the - Vention ‘wmployinig 4 -cavity
resonator physically separated from: &n ‘énginé’s
combustion chamber;

Fig: 2153 cross-sectlonal view illustratmg an-

Sther embodiment of “the ‘invention ‘in which & 45

cavity resonator has ‘a movable wall | pormon
directly “connected ‘to “the-piston ‘of ‘tHe -erigine
¢ombustion ‘chamber;

“Fig, 3.is°8, cross—sectlo*nal vrew of stﬂl ‘another
e‘mbodunent int which a ‘¢avity resonator is also
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the initial ﬂrmg Shatiber: and may ‘ConRTmiunicyte
with ‘tHe-combustion - -

F1g 4 'i8 &- oroissHe

embod1ment df the "‘e‘n

electromagne'tlc «ﬁeld 6] adlents‘m the spark-gap
thereby assurmg €8] parkmg,

Flg '5 18 a‘cross-seGtionnl ‘Wiew ‘of ‘et another
embodhment of ‘the -ifivention wtilizing; in addi-
tion “to-field -coticentintitiy proaectlons, ‘a égpaci~
tive: proaectlon to'providegreatericavity ¥esonator
variation ¢f ‘resonant  freqiiércy  with plston
miotion;

Flg Lk 1s B ﬁortmn OF the ‘cross-sectiofisl view

e § t th the engine
p1st0n gt :or ‘néar ‘the pouit at ‘Which sparking
occurs

Flg Tiis‘aicross-st
méht of ‘Flg 6
trate miore- eléarly ‘th
tiofis;

ctiohal view of thie arrange-
tig the liries 1=-1-to illus-
1d cohcentrating projecs

: Cross-sectiohal view of ‘an embodi=
nienit of ‘the ifivention employing both an sdjtst~
able-field conceritra mg -prove’ and an gdjustable
eapicity -projection; ]

Pig. 9 is a Cross- ional v1ew of still another
embodinéit of the ifvendtion ih which the cav1ty
resonator and combustldn chamber walls are

mittmg the system ‘to
wmhout concurrent ﬁrmg of cyhnders

eVen- 4 -the engm' Tae G- four-cycle engme

In accordance 'w1th the 1nvent10n, the foregomg

com“bust;zo énging: h xng 8 combustlon chamber
With & "fovable wall - member, o h1gh “frequercy
$park gap inisaid chamber and
et cu‘Cuxt havmg a tumng ‘ele-

comprising
mént movable:
rmemper: The
mternal combtistion engine’be:fired by the method
g the steps -'of generatmg h1gh-fre-
energ‘y tapp]ymg th I

spatk to 18ap a- spark-gap in the mrcmt at Téso-
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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 firing
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 cagse in most engines during the compres-
sion and firing time of the cycle, is allowed, while
sparking during the exhaust and intake cycles
is effectively inhibited. The sparking in one
chambper, 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 i§ with walls {2, 14, and
{8, the latter wall {8 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 g coaxial transmission line 24, to a resonant
circuit or resonator, in this instance cavity reso-
nator 28. Cavity resonator 26 includes a mov-
able tuning element, the piston-like wall mem-
ber 28. Resonator 26 is also coupled to trans-
mission line 38 the central conductor 32 of which
terminates at the wall 12 connected to the outer
conductor 34 of line 38 through wall {4 of com-
bustion chamber 18, Conductor 32 passes
through wall {4 through an insulating seal of
dielectric material 35 which closes the chamber
10 against loss of compression at the entry of
conductor 22. Conductor 32 has, however, a
gap 38 which is the spark-gap of the ignition
system for combustion chamber {0. Pistons 18
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 firing stroke of the piston. As will appear
more fully hereinafter, the high-frequency source
28 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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nator 25. 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 28 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
28 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 2§ 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 10, so that adjustment by means of
adjusting the relative movements of the piston
18 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 definitely 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 definitude and sharpness with respect to
the position of piston 8.

A further refinement of the invention may be
effected by causing chamber 18 itself to become
electromagnetically resonant at the desired fre-
quency at the desired point of its travel for
sparking. The field strength built up to break
down the spark-gap 38 across the terminals of
conductor 82 defining 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 (0 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 fixed 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-
seribed, having a separate cavity resonator has
the advantage 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 30 is coupled to the oscillator
2§ through transmission line 24 sealed into the
engine wall (4 shown enlarged to make room
for the cavity resonator. The cavity resonator
58 is coupled to the combustion chamber 10 by
transmission line 20 which passes through wall
{4 in this case. The central conductor 32 of
line 8§ may be supported by means well known
which may provide free communication for gases
between cavity resonator 88 and chamber {0.
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 cenfral cylindrical
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prOJectmn 52 from plston .18, ‘fts. the. ‘Wal]s of
cavxty resonator -50 ‘fhe -cavity .of -whi¢h is -hol-
lowed :out of -wall I4. PrOJectlon .52 may form
only a loose. fit with.the side- -walls-of the hollowed
portion "if the .mode of osclllatlon is properly
chosen, for example, 1o .be the TEon mode hav-
ing circular -electric Jines of :force and excep-
tionally-high Q. Thus the direct. €lectriecal con-
tact of pro_lectxon 52 with the.side-walls.of-cavity
resonator 5). becomes -unimporfant. The .cou-~
pling-of -transmission line -34 o - cavity.- rescnator
50-is by a probe 54.

The arrangement of Fig, 2-operates-in.a man—
ner-similar to that:of Fig. 1. -Source 20 may. -be
tuned to determme the.point-of travel of projec-
tion-52:at which: the spark gap 38 fires, as will. be
clear to those skilled in-the-art of electronies-and
cayity .resonators, - Further, the dimensions of
cavity resonator 50 .may be-chosen to.provide-the
desired resonance at the:desired.point-of -travel
ata-frequency-to-conform to the optimum spark-
ing frequency for the .gaseous-combustion-mixture
in :chamber: {8, = That there -are-such. optimum
frequencies is-evidenced by the -article by Herlin
and: Brown in the Physical Review, vol. '14; page
291 (1948),, and one appropriate to a reasonably
dimensioned cavity resonator -50 may readily be
chosen, .as & -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 59, in this in-
stance the projection 52, is directly connected
mechanically to the movable: wall member of
‘combustion chamber 10, that is, tothe.piston 8.

Referring now to PFig. 3, which is a cross-sec-
tional view of an embodiment of the jinvention
similar in.some respects to that of Fig. 2, the:cav-
ity reésonator 58 .is not coupled through a-separate
transmission line to combustion chamber.- I8, but
Isdtself an:auxiliary combustion chamber. Cav-
ity.resonator 50 is preferably excited in the dom-
inant TMmode, in which event a - strong:electric
field is:created between the central portions -56
and-§8 of the circular end walls respectively -of
the.cylindrically shaped resonator. Cenftral:por-
tions 56 and 58 then ‘become the terminals-of a
spark-gap. which . is the space between them.
These terminals and the spark-gapbetween them
are.obviouslyin circuit with the:cavity resonator
50, being a.part of thewallg theteof. In this-em-
bodiment. I prefer to add: pointed -metallic ‘pro-
jections 64-and .66 which. approach in .near-con-
tact with.each other at the time.for sparking and
which -extend from central portions 56 and. 58.
The projections 56 and 58:are then the terminals
between which is the:spark-gap. These:projec-
tions 56 and 58.tendtoincrease thefield:gradient
in the spark-gap between them and thereby aid-a
break-down of the gas'at:resonance. Cavity res-
onator 58 and combustion-chamber:18:communi-
cate with each other freely, if' not-at the moment
of firing, then shortly thereafter: in ‘the engine
;eycle, depending on the design and:-mode of -ex~
citation -of cavity resonator 50, the compression
ratios. desired, and-the-degree-of electrical -con~
tact required ‘between :projection 52 and the side
walls of cavity: resonator 50, Thus-combustion
.oceurs -in hoth-chambers. Therefore, a portion
of combustion chamber: I.0-is:identical-with cavity
‘resonator 50  Projection 52 may be ‘considered
apartof the piston 18: Time of'sparking:in.rela-~
tion-to piston position again-may- be ;controlled
by- controlhng the frequency of source -20.

Referring --now. ore- particularly o F1g 4,
which is a cross—sectlonal view of an embodiment
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piston. I8 from:iits-condition of resonance.

of fHeinvention-in which ¢avity resonator: 68 and
combustion chamber 10 have-identical walls. Co-
axial transmission line 24 is coupled fo the.cavity
resonator by a.couplingloop10. The central.con-
ductor. is .passed. through dielectric sealing ma~
terial 12, .'If sufficienfly ‘high frequencies are
used, -the ceritral conductor -may be omitted, the
outer conductor of ‘transmission line 124 having
su1tab1e dimensions to act as.a waveguide trans-
mission line and appropriate coupling means then
being substituted for coupling:loop T0 and:-the di-
electrlc sealing : ‘material sealing the aperture in
wall 12 leadlng to. the Wavegmde “There i$ a
spark-gap T4 -between the pomt of a-screw 76 .in
wall 14 of :chamber .10, and the .central portion
of -cylinder-.18, This. permits ad;ustment of ‘the
gap with.a certain.amount of tunmg of the.cav-
ity resonator. 'Time of sparking 1may be con-
trolled, as Jbefore, by adjustment of the frequency
of .source 20. -Moreover, in.a multi-cylinder en-
gine, all- combustlon chambers may be resonated
by- adJustment of screw 16 at the corresponding
positions of -piston 18, after which the timing of
‘the sparking may be.effected by frequency con-
trol-dial.-22 for the engine 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 fo Figs. 5,
6.and. 7 which-are respectively a cross-sectional
view of still another embodiment of the invention
and partial -cross-sectional views thereof, .com-
bustion chamber 19 is-again identical with cavity
resonator 68. The construction and operation is
similar to the arrangement of Fig. 4, except that
there is no-screw 1§. 1Instead, a capacitive pro~
jection 80: is attached to the wall 14-of chamber
{0. 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 field
in the vicinity of-the poinf -and -across the spark-
gap 84 (asseeninPFig. 7) of which probe-82 is one
terminal. The other terminal -of spark-gap 84
is. & metallic ‘wire-like loop -86. X.cop 8§ is:- ar-
ranged in such a manner that in the sparking
position of the parts as iHustrated by the partial
cross=sectional view of Figs::6 -and:7, the probe 82
and ‘loop :88. are substantially spaced -equal -dis-
tances from -each.other throughout the time-of
travel of piston 18 during which the cavity res~
onator 68 (identical with combustion -chamber
-10) ‘approaches..and ‘recedes with -the -travel -of
The
purpose of the:capacitive projection-88: which is
in..¢apacitive relationship particularly with pis-

‘ton '8 is ‘to-cause ‘the capacity between: the end

walls‘of:cavity resongator 68 to change with:great-

-er rapidity. with the motion 'of ‘piston: 18:than

would be:the case were the projection-80-absent.
Therefore, the frequency of resonance changes
with greater rapidity -with motion of piston {8,
and consequently the position -of the piston at
which -sparking occurs across spark-gap 84.for-a
definite frequency -of -source 20 is defined with
greater accuracy. The arrangement of probe 82
‘and wire-86-is such that the spark-gap between
these ‘terminals -is -of a fixed distance through-

out-the range of motion of piston 18 within which

it is expected that sparking. is desired. Conse-
quently, sparking is controlled .and determined
more .completely by.the motion of the piston 18

and-the resonance .of cavity, resonator 68 than by

. any-factor which might include the spacing of

(]

the terminals across spark-gap 8%.
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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 {0 and
the cavity of cavity resonator 68 occupy the
same space. A plate 100, having considerable
capacity with piston 18, is adjustable by a screw
i82. Screw 78, 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 defining the spark-gap
and being coupled to cavity resonator §8 through
the walls thereof. The other terminal of the
spark-gap is a portion of the cavity resonator
wall formed by piston 18. Capacitive plate 1060
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
field gradient across the spark-gap. The posi-
tion of the probe screw 1§ is determined largely
by the field configuration of the mode of ex-
citation of cavity resonator 68. 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 186,
a different adjustment of plate (68 is required
to resonate cavity resonator §8 at a desired fre-
quency. The operation of the device and the
advantage of plate 100 as a capacitive projec-
tion from wall {4 will be understood from what
has been said heretofore. Source 23 may be
adjusted in frequency to cause sparking at a
desired poirit 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 durihg an interval of time which
starts immediately before and euds after the
time at which sparking is to occur. In prior
systems, sparking energy is applied at the precise
time or instant that firing 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-
1y from before to the time at which the motion
of the tuning element tunes the resonant circuit
such as chamber 25 of Fig. 1 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 firing cycle except in a second-
ary sense. Such a distributor system may be de-
sirable, however, in order to prevent a non-
firing combustion chamber the piston of which
reaches the same relative position at the same
time as the piston of a firing chamber, from
sparking and its being fired at the same time
as the chamber which is at the beginning of
its firing 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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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 14 which may be the
exhaust port of combustion chamber 8. Valve
head 92 serves as a closure for exhaust port 80.
The entry of exhaust port 90 into combustion
chamber 19 (identical with cavity resonator 682
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 88 causes the Q of cavity
resonator €8 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
flow in the resonator walls consistent with the
requirements for its other function in exhaust-
ing gases. Consequently, when the valve head
82 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 {0 at the end of the compression
stroke of piston I8 and just at the time when
sparking is to occur across gap 8%. It will now
be apparent that if an engine includes a plural-
ity of combustion chambers such as combustion
chamber 18, all being similar, that on the
termination of the exhaust stroke of one of the
chambers 18, the piston I8 and valve head 92
will be in somewhat the position as shown in Fig.
9, with the exhaust port 98 open and the Q of
cavity resonator 68 decreased. Another piston
18 will then be in a similar position and the
parts of combustion chamber i9 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 {0 having valve head 92 closed, how-
ever, will have a comparatively high Q and ac-
cordingly the energy from source 2§ which may
be coupled simultaneously to all the cavity
resonators 68 (and chamber i8) of the multi-
cylinder engine, will cause a spark only in the
spark-gap 84 of the high Q chamber, assuming
that the spark-gaps are appropriately adjusted.
The transmission line 24 in such an arrangement
may be appropriately branched with a branch
84, 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 firing chamber is fired 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 fire 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 88, valve head 92
acts also as g capacitive projection which, at the
time the port is open, tunes the resonator to a
different frequency. In conseguence, 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 99 closed. Thus the companion chamber
is nct fired at the same time. If, for example,
a companion chamber timed to exhaust when pis-
ton I8 was making its compression stroke (and
vice-versa) were sparked when chamber 68 was
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on compression and ought fo be sparked, the com=
panion champer might §park first. . "The lowered
impedance across the res nator (of resonant ¢ir-
cuit) rhight then drasw sufficient energy or lower
tHe résondtor voltage 560 that. the proper cham-
ber 68 would hot receive a sbark. Sparking at
the wrong time is not tod important, except. that
it must not oceur during the compression stroke
and before the piston 18 reaches nearly to its
tob. position,

If desired, a capacmve prOJecmon 10, as showi
in Fig, 9 may be added to the bottom of valve
head 92 to accentuate the detuning effect when
the port 90 is open. With or withotit projection
110, the cdpacity. is inereased when the. port is
open. As ‘a result, the point of resonance of
resonator 68 may be sufficiently altered Wwith res
gpedt to the position of plston I8 to prevent
simiiltaneolls sparking in 4 compatiion combus-
tion chamber. It shiould be noted that in gen-
eral. the inereased capacity as valve head 92 on
opening approaches piston 18 adds to the equiva-
lent shunt capacity of the cavity resonator 68.
Therefore, the frequency of resonance is de-
ereaged, and the piston 18 must be niore nearly
glosed to reach the position at which the eavity
resonates at the fixed oscillator irequency.. The
change in capacity may be madé so great that
the piston can reach the point of resonance only
with the port closed,

It will be appar ent from the f01 egoing that the
invention provides an entlrely novel means and
method for timing the sparking of internal com-
bustion engines. It will be. further apparent
that by these means, and the method of the
invention the sparking of internal combustion
engines may be made highly rehable and with-
out the use of any distributor; or at least with-
out the use of a distributor or any moving parts
whatever for determining the precise time of fir-
ing, The time of firing of the combustion cham-
ber and the time of production of the sparkihg
may be determlned by a simple adjustment and
which may involve no more than the simiple
adjustment of 4 dial to alter the oscillator {re-
quency in source 20. It will be apparent that
the same source 20° may be used for all of the
combustion chambers of a multi-¢ylinder engine
or that a separate source may be used for esch
chamber to give separate “adjustment of the
sparking time in relation fo biston movement,.
Separate adjustment of each chamber firing or
sparking. time may be had; if one oscillator is
used in‘a multi-cylinder engine, by tuning edch
resonator which may be eacli combustion cham-
ber.. Then the spark may be similarly advanced
or retarded in all. chambers. s1multaneously by
the frequency adJustment - Algo, it will be ap=
parent that g pulsed high frequency source thay
be. used,, the pulse. frequency being sufficiently
hlgh‘at max1mum piston” speeds. ‘that, a pulse is
stre tg occur durinig. the resonant cond1t10n of
the resonator and within the time necessary for
efficient engine operation;

What I claim is:

1. In comblnatlon with an 1nterna1 combustlon
engine having % combustion chaniber with g rMov-
:able wall, member, g, high= frequency ciréuit hav-
ing 4 spark-gap in said chamber and compris-
ing a_ resonant circuit. havmg a- tuning element
movable in tlmed relation with sald engine mem-
ber means to apply high frequency energy to said
circuit. from & source of high frequency energy
contmuously from hefore to-the. time at which
the motion of sald element tunes said chamber
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to the operating frequency of said source, where-

by the precise time .of ﬁnng of said spark -gap

is. determined by the posmon of Said element

2. 'The combingtion 'claimed in elaim 1, said
spark-gap being ‘definied by tWwo bointted probes.

3. The combination clainigd in ¢laim 1, fur-
ther comprising a source of high- -frequency en-
ergy to supply the said energy, said spark-gap
being defined by the: space betweeh a probe and
a wire-like loop équi-distant thérefrom during
the interval of time before and after said tuning
element tunes said resonant cifcuit to the fre-
duency of the energy of said source.

4. The coinbination claimed in ¢laim 1, further
comprising a sourée of high freéquency energy to
supply the said eriérgy applied by said means,

5. The combination claimeéd in claim 4, the fre-
guency of the energy of said source belng ag-
Jjustable.

6. In combmatlon with an intérnal combusmon
engine havmg a_combustion chamber with a
piston, a high- frequency circuit Having a spaik-
gap in said chamber and comprising & resonant
circuit having g tumncr element  rovable in
timed relation with said piston medns to apply
high frequency energy to sdid circuit from a
source- of high frequency energy, continuously
from before to the time at which the. motion
of said element tunes said chamiber to the op~
erating frequency of said source, ‘whereby the
Drecise time of firing of. said spark-gap is de-
termined by the position of said. elererit,

7. The combination elaiméd in élaim 6, said
resonant. circuit . comprising g cavrty resonator.

8. The combination. ¢laimed in clair 6, said
tuning element beinga piston-like member having
a surface exposed to the cavity of said resonator.

9. In conibination with an 1nterna,1 combustion
engine having 5 combustion chawibér with 5 mov-
able wall member, a high frequency ciréuit having
4 spark-gap in siid ¢hamber and comprlsmg a
cavity resonator having a tunhifig élement rmnov-
able in timed relation with the said engine mem-
bér means to apply high fréduency energy to
sdid circuit- from & source of high frequency
energy, contintiously from Béfore t0 the time
at which the motion of said element tunes said
chamber to. the operatmg f1equency of- said
source, whereby the precise tlme of firing of said
spark-gap is determlned by the posmon of- said
element

10. The combmatlon clalmed in claim 9 “the
cavity "of. said .cavity resonator and: said. com=
bustion chamber bemg dlstmct and occupymg
different: spaces. S

1¥. The:-combination’ clalmed in cla1m 9 at
least a portion. of said combustion chamber bemfr
the cavity of said cavity resonator. - .~

'12. The-combination claimed in claim' 9, said
tuning element being mechanically directly con-
nected.to said movable. wall. member.

13. The combination: claimed irn ¢laim 9, S?lﬂ
movable wall: fiember being a pistor; sald tun ng
element being directly: connected to said piston.

14. The combination cIalmed i clalm-‘Q,- only
a fractional pormon of sald combustmn chamber
beifig the cavity of said c g resona‘bm -

i | d i claim' 9; said
combustion: chamber and sald’ cav1ty 1esonator
having at légst Some walls' in: commor. =

16. The combination:claimeéd in clalm 9, .said
combustlon chamber -and the cav1ty of said
cavity: resonator belng deﬁned by the sanie walls.
17: The combmatmn cla1med in’ clgim- 9, sald
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combustion chamber and the cavity of said cavity
resonator occupying the same space.

18. The combination claimed in claim 9, sald
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 defined 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 firing
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 @ 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 29, said
movable wall member being a piston.

22. The combination claimed in claim 29, said
port being an exhaust port for said engine.

23. The combination claimed in c¢laim 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
5 movable wall member, a high frequency circuit
having a spark-gap in said chamber and comi~
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
firing of said spark-gap is deftermined 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 g 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 g position toward which and away from which
said piston travels and said projection having
2 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 firing of said spark-gap
is determined by the position of said element.

28. The combination claimed in claim 27, said
spark-gap being defined between terminals at
least one of which is a pointed probe. B

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 withan internal combustion
engine having a combustion chamber with a pis~
ton, a high frequency circuit having a spark-gap
in said chamber defined 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 projectionn 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 frequendy energy,
continuously from before to the fime at whick
the motion of said element tunes said chamber
to the operating frequency of said source, where-
by the precise time of firing of said spark-gap
is determined by the position of said element.

31. In combination with an internal combus-
tionn engine having a plurality of combustion
chambers each with wall member movable in
predetermiried time relation to the others, a
high-frequency c¢ireuit having a spark-gap in
each of said chambers and comprising a plu-
rality of resonators one for each chamber and
each resonator having g 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 appiy
high frequency eénergy 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 firing 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
g resonant circuit coupled to terminals defining
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 couplé

said resonating energy to said terminals with...
sufficient energy to produce a spark across the -~
spark-gap at a time determined precisely by the -,

moment of tuning said resonant circuit to said -

resonance.

35. The method claimed in claim 34, further--
comprisingaltering the frequency of the generated- -
energy to alter the time relation of the spark -

with respect to. the movable member.

‘10
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