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ThlS 1nvent10n relates *genera,lly to 1gn11;10n -

- ._;_systems for internal’combustion éngines and more
 particularly to ignition- systems “utlhzmg voltegee-

e of ultra=high=freqiency for sparking.
. Ignition systems heretofore prepesed *empley
' '-lestnbutors in ‘which ‘a -contdct elemént moving

- :'_ _in timed relationship to the‘moving parts of the
. engine, for example, the piston, ¢ompletes-a cir- -

cuit to couple the’ Spa:rkmg *energy to'a spark plug

. or other ‘deviceat ‘the ‘proper 1netent of ‘time to
 fire the combustion ‘ixture ‘i the combustion

. '--';ehamber df the engme Such ) donventlenel Sys-

tem requires precise ‘gearing ‘Hiechanism, often

- o ofa comphceted neture
~ spark dre often not‘the most‘efficient which-miay

The frequenc:tes ‘of ‘the

E ‘beused in‘sparking throiigh'the-gaseous coimbiis-

 tion mixture. AdJustmentlof the t1m1ng is diffi-

cult DT :
It i5an cheet of the mventmn to- promde a
.; “novel ipnition systém ‘and ‘method ‘of 1gn1tlen of |

an mternel combustlon engme

Itis enother obj gct of‘the InVentmn t0- 1mpreve-

-_the sperkmg of ‘ah 1nterna1 combustmn engme.
A further obJ ect of the. ~1nvent10n~-~15 to sim-
"phfy the 1gn1t1on system ef an mternel combus-

E tion engine, and partlcularly 10 31mp11fy the me--
chanical features of such a system.: |
| Another obJect of ‘the’ mventmn is to- prewe‘le

. :a,n 1gn1t10n system and n‘iethed in whlch the tim-

= f_mg of “the ‘sparking may be adjusted with only
- minor- mechemcal ed;uustrnent -gnd “further, in

15

20

29

| . | 2-:

the lmtml ﬂrmg chember a,nd mey"eemmumeete

with the-combustion chamber; |
Flg 4 s & cross=sectional ’VIEW of e.. further

- embedlment df the Hnvention‘in which the- cemty

resonetor end the: comhustlen chanibetr have iden-.
tical walls end employmg 4N edjuetebl‘e fidld-‘¢on- .

centrdting pomt ‘or ‘probe ‘to- premde ineréased

electromegnetm ﬁeld -‘sradients: 1n the Spark-gap

| thereby eesurmg €asy ‘Sparking;

Fig 5 is a- cross-seetldnal iew ef yet enother.
embodlment ‘of ‘the- iﬁﬁientmn uﬁlhzmg, in gddi-
tion ‘to-field- concentretmg pro;lectmns - cgpaci~

tive: pro.]ectlon to- prov1de gﬁatereewty Yesonator

_vanetlen of reednant frequency with plston-
-metlen -

Tig.'§is iy ﬁortwn ef the ﬂcross—sectmnal wew

-----

of the: afrangement of Fig. 5, bitt With thé engine

._pwten gt or nneer “the p‘mrﬂ; at “Which - spa,rkmg

eccurs* |
Flg Teisia cress-sec«tmnal mew ‘of the arrange-: |

ment of ‘Fig. 6-takén along the liriés 1-~1 to illus-
trate more elé&rly the: field cehcentretmg preJ ec=

tions:

" Fig 84is-a’ cresB-sectwnel V1ew ef an embodi=

ment of ‘thie 1nvention employing: both an sdjust-

~gble ﬁeld eoneentretmg probe end an admstable o

_eepac:-.t»y preJeetwn ‘and

30

:i" fsome embodlments w1th0ut *‘mechamcal adJust- .

B ment gt all. L

' These and other obj eets edventagee end novel_ o
. features of the invention will become more: Fully
- 'Sapparent from “the ‘following deseription - when

g, 9 is' a crees-sectlonel V1eW of stlll enother

embodiment of the 1nventlen m W“.mch the caVJ.tY
resonator end
idehtical end in Whmh q Valve elosure aﬁects the
Fesornaton! Q ahd tuning: permittmg the System to

.....

 operate wﬂzheut ‘Goncuriént ‘firing of eyhnders

35

taken in- cdnnectlon ‘wzth the ‘accompanying :

drawmg in wh:tch like' reference numerals refer to
e parts which may be thesame &nid in which:

~ 'Fig.1is a cross=sectional view illustrating em-
o __bodnnent of the mventmn “emponmg a, camty

*****

o combustlon chamber: |
‘Figi'215 a cross-sectmnal Vxew illustretmg an- |

 other embodiment of the invention in which &
. cavity vesbhator Has ‘a ‘tovable wall . portlon

Fig. 3.is'% eress-:'sectmnel VJ:ew of stﬂl another

= 'embodnnent in wh:c‘h a caww resonator 15 a,lso

40

even- 1f the ‘engiiie ' be 3 four—cycle engme o
~im eccerdence With’ the'invention, the foregemg

. Withotit ‘any migchanical distributor Wwhatever

_-e"bgeets gre achieved /by Providing ‘for an internal

combustion ehngine hevxng aQ combustmn chambeér

- With & ‘fiovable wadll ‘mhember, & hlgh “frequercy
cifeuit Raving a ($park: gap inisdid ehamber and

~ comprising @ timed eircuit having a tuning ‘ele-

YIENE meve;b'le Hnitimed: relation with- said engme
memper: THE ; mventlen eentemplates ‘that ‘an

intefnal combugtion:e engme ‘be:fired by the method

45

directly” ‘connected to "che pleten of the engme
'I-aj_‘-.'_j'_combustmn ‘chamber; |

50

comprisihg ‘the §teps of - ‘generating ‘high-fie~
| quency energ’y Lepp]ymg the’ energy to a-Tesonator
or resonent CITEULt; and - tumng to ‘the frequency

of - this® energy the: resenent cn*emt in t1med rela,—-

tion thh the mevahle wall member to ca;use a
sperk te leap a, spa:rk—gap m the 01remt ‘at Téso-




3 _
- 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 geccordance 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
g, gas mixture.
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 @. Thus
sparking when the exhaust valve is closed, which
is the case In most engines during the compres-

Therefore, I provide tuning of

2,617,841
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nator 25. The amount of energy thus coupled

to line 30 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 bufier 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 ot 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 {requency to pro-

20

sion and firing time of the cycle, is allowed, while

sparking during the exhaust and intake cycles
is effectively 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
vroper time. Further, therefore, in accordance

23

with another feature of the invention, the open-

ing of a valve may so affect the tuning of the
cavity resonater 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 1§ with walls 12, 14, and
{8, the latter wall 18 being movable and being
the plston 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
5S 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 30 the central conductor 32 of which
terminates at the wall 12 connected to the outer
conductor 34 of line 38 through wall {8 of com-
bustion chamber 1§, Conductor 32 passes
through wall {4 through an insulating seal of
dielectric material 86 which closes the chamber
{0 against loss of compression at the entry ol
conductor 32. Conductor 32 has, however, &
gap 98 which is the spark-gap of the ignition
system for combustion chamber (8. Pistons 18
and 28 are linked by a mechanical coupling or
linkage 43 which brings both pistons io 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
20 may be actuated by a distributor arrange-
ment which, however, in accordance with the
invention, then serves an entirely diffierent 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 hereinaiter.

In operation, high frequency source 20 is ex-
cited to supply high-frequency energy to cavity
resonator 28. The energy thus supplied is there-
by coupled to line 30 through the cawty reso-

30
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increased at resonance.

vide an adjustment of the time of sparking Iin
relation to the time of travel of piston (8 of
chamber {0, so that adjustment by means of
adjusting the relative movements of the piston
{8 and piston-like member 28 may be dispensed
with. The @ 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-
ine 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
oreat definitude and sharpness with respect to
the position of piston 18.

A further refinement of the invention may be
effected by causing chamber {0 itself to become
electromagnetically resonant at the desired fre-
quency at the desired point of its travel for
sparking. The fleld strength built up to break
down the spark-gap 38 across the terminals of
conductor 32 defining the spark-gap is thereby
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-
cuencies 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
the advantage that carbon and other extraneous
material does not deleteriously aiffect the high
Q@ of this separate resonator. However, this ar-
rangement does reumre a separate mechanical
linkage. |

Referring now more partlcularly to Fig. 2, a
cavity resonator 98 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
98 is coupled to the combustion chamber 10 by
transmission line 20 which passes thirough wall
(4 in this case. The central conductor 32 of
line 33 may be supported by means well known
which may provide free communication for gases
between cavity resonator 53 and chamber 10.
Thus differential pressures are avoided. How-
ever, such free communication may be prevented
1f access of gases to resonator 50 may adversely
effect wall conductivity.. A central cylindrical




- owalls cf cavity resonator 50.
o ;cccurs in-bhoth-chambers.
~ of cembuetwn chamber L0-isddent
| "J-?rescnatcr 50. Projection 52 may be ‘considered

. i

. £ .
-l..""‘ T
r.5

:rpchectmn 52 frcm p1stcn. IB ﬁts the ‘Walls cf-
- cavity resonetcr 50 the cavity .of wh1ch is -hol-
. lowed rout of wall 4. Pchectlcn 52 may form
~ only a loose.fit with.the side-walls-of the hollowed
~ portion if the .mode of -oscillation ‘is properly

6

 of flieinvention.in which cavity résonzitor 88 and

chcsen for example 10 . be the TEcll mcde ha.v- |

. ing c1rculer electrlc lines of :force and excep— |
~ tionally high Q. Thus the direct. electrical con-
- tact of. pchectrcn 52 with the.side- wells of. cawty o
resonator 50 becomes unimportant. The .cou~
Dlmg of - trsmsmmsmn lme 344:0 cemty rescnatcr |

' ”.”50 is by a probe 54.

The. arra,ngement cf Flg 2 operates in. e, man—- |
.Source 20 may. be -
-ﬁtuned to determme thepoint. of travel. cf pre,]ec- |
- tien: 52 at which: the spark gap 38 fires, as will.be
- ¢lear: to those- skllled in-the-art of: electrcmcs and
. Further, the dimensions of
. cavity resonator- a!] may be- chcsen to- prcwde the-
. desired resonance at the:desired point -of -travel
ata frequency -to ccnferm to the optimum spark- |
N mg frequency for the: gasecus combustion-mixture
That there -are-such. cptlmum -

| '?__fner sn:nll.er to thet of Flg 1.

_-cawty resonators,

~in :chamber: 9.

10

Y&

N combustmn chamber III have-identical walls.
axXial transmlssmn line 24 is coupled to the. cav:tty

Co-

resonator by a. ccu;chng lccp 70, “The central con-

'ductor is .passed. through dieléctric - sealing ma-
| terlal 12,
'used the central ‘conductor -may -be omitted, the

If . sufficienfly hlgh frequencies are

outer conductor .of transmission line ‘24 having

__ su1tab1e dimensions to act as.a wavegulde frans-

mission line and appropriate coupling means.then

being substituted for coupling-loop 70 and-the di- "
_-electrlc seahng materlal sealing the aperture. in -
~ wall 12 leading. to. the waveguide. There is a

Spark--ga_p M between the pemt of :a-screw T6.in
wall 14 cf chamber ID and the central .portion

;of cyhnder 18, ThIS permlts ad;lustment of the |
‘gap with'a. certem amount of tuning of the. cav-
1ty resenater
t{rolled, as. befcre by admetment of the frequency .

20

Tlme of . sparkmg May be cen-

of source: 20. Moreover, in.a,. multi- cylmder en-

~ gine, all. ccmbustlon chambers may be resonated

--frequencles is- evrdenced ‘by- the article by Herlin =

- and Brown in the Physical Review, vol. 74, page

291 (1948);, and one appropriate to a reascnably'
d1menslcned cavity resonator :50 may readily be

- chosen, .as a general rule.. The arrangement of

~ ing or mechanical linkages are required, sinece the
- tuning member of cavity resonator 50, in this in-

‘stance the projection 52, is directly connected -

- mechanically to the mcveble ‘wall member of

o | combustmn chambher {0, that is, to the piston IB

‘Referring now to Fig. 3, which is a crcss-sec-

'tlcnel view of an embodiment of the invention

similar in.some respects to that of Fig. 2 the:cav-

ity resonator 50 is not coupled through a-separate
transmission line to combustion chamber. 18, but
. is:itself an auxiliary combustion chamber. Cav-—
- ity.resonator 50 is preferably excited in the dom-
- inant. TMUmode, in which event -a strong:electric

25

- Fig. 2 'has the advantage that no separate gear-
30

by adjustment of screw 16 at the- correspcndmg' -
.pesmcns of plston 18 after Whlch the tlmmg of
the sparking may e effected by frequency con-
trol-dial 22 for the engine as.a whole. This result
‘may be reached wherever the cawty resonator

may bhe tuned separa,tely frcm the movmg tunmg
member A |

- Referring now mcre pa,rtmularly to- F’rgs 5,
6 and. 7 which are respectwely a crcss-sectmnal_ )

view of still another embcdlment of the 1nventlcn. |
and partial crcss—sectlcna,l views -thereof, .com-

~ bustion chamber ‘10 is again identical with cavity

35

resonator 68. The conetructlcn and oper&tmn is - .
similar to the arrane'ement of Fig. 4, except that
there is no screw 186. Instead Q. capec.rtwe Pro~

- Jection 86 is attached tc the wall 14-of chamber

40

- field is created between the central portions 56

and. 58 .of the circular end walls respectively -of
the. cylmdrwally shaped resonator. Central por-
“tions 56 and 58 then ‘become the terminals-of a

.  spark-gap. which 'is the space between them.
These terminals and the:spark-gap between them
-are.obvicusly in circuit with the:cavity resonator

50, being.a part of the'walls thereof. In this-em-

45

10. From capacitive. prOJeetwn 80; which may
be cylindrical as-shown, there is a pointed metal-
lic probe 82 pchectmg centrally thereof which

tends to increase the gradient of the electric field
in the vieinity of the point and across the spark-
gap:84 (asseen in Pig. 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

o0

 bodiment. I prefer to add pointed metallic ‘pro-

jections 64-and .68 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
These:projec~
 tions 56 and 58.tend'to'increase the field gradient
in the spark-gap between them and thereby aid-a

- between which is the. spark-gap

55

- break-down of the gas at:resonance. Cavity res- -

~ onator 58 and combustion-chamber: 10" communi-

. .eate mth each other freely, if'not-at the 'moment
~ of firing, then shortly: thereafter in ‘the. engine

- -:eycele, depending on the -design and:-mode ‘of -ex~

60

~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
Jpiston {8 from:its-condition of resonance.
_-purpese of the:capacitive projection-88: whichis
in.capacitive relationship particularly mth__,prs-
ton 8 is to-cause the capacity ‘between the end

walls of:cavity resonator 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

 citation of cavity resonator 50, the compression

. ratios desired, and-the-degree -of electrical -con~

tact required: between prcjectlcn 52 and. the gide

Thus- cembustlcn -
Therefore a portion
ical wrth Cavity

greater aeccuracy. |
and wire-86-is such that the spark-gap between

aipart-of the piston 48: Time of'sparking:inrela~

. by ccntrcllmg the frequency of source 20
Referring -now. .more pd,rmcularly 40 F1g 4

'_ whmh is a crcss-sectmnal view of an embcdlment :

:"f_';tmn 10 ‘piston position again may be ccntrclled E

with greater raprdlty w1th motwn -of plston l 8 |

.Whrch sperkmg eccure acrcss Spark gap 34 for a
definite frequency 0of source 20 is defined w1th

‘The arrangement of probe 82

these terminals-is of a fixed distance through--

out-the range-of motion of. piston {8 within which |

it is -expected that. sparkmg is desired. Conse~

‘quently, sparking is .controlled .and determined
more. ccmpletely by the motion of the piston T8 =

and the resonance. of cavity, reecnatcr 68 than hy -

- -any: factcr Whlch might include the spacmg of
the terminals across sperk-gap 84 |

Thg o
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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 {8, is adjustable by a screw
i802. Screw 16, 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 68 through
the walls thereof. The other terminal of the

10

spark-gap is a portmn of the cavity resonator

wall formed by piston 18. 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
- 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 178,
a different adiustment of plate {88 is required

to resonate cavity rescnator §8 at a desired fre-

aquency. The operation of the device and the
advantage of plate 1080 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 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

15

20

2D

30

39

40

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 &
particular combustion chamber of such an en-
cine 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 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 Iig. 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

sparkmg and its being fired at the same time
2s 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 @ of the cavity resonator
when open. Referring now more particularly

60

65

70

(f

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 14 which may be the
exhaust port of combustion chamber 10. Valve
head 82 serves as a closure for exhaust port 90.
The entry of exhaust port 90 into combustion
chamber 19 (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 @ of cavity
resonator 68 to be appreciably decreased. The
approprmte posfulon 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 widh the
requirements for its other function in exhaust-
ing gases. Consequently, when the valve head
02 is in the open position, the @ 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 8 at the end of the compression
stroke of piston 18 and just at the time when
sparking is to occur across gap 84. It will now
be apparent that if an engine includes a plural-
ity of coimbustion chambers such as combustion
chambper 18, all being similar, that on the
termination of the exhaust stroke of one of the

chambers 18, the piston 8 and valve head 62

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
13 will then be in a similar position and the
parts of combustion chamber i will be similar-
ly located except that valve head 92 will be in
g, closed position, if the engine is of the customary
four-cycle multi-piston type. The combustion
chamber 10 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 i0) of the multi-
cylinder engine, will cause a spark only in the
spark-gap 84 of the high @ chamber, assuming
that the spark-gaps are appropriately adjusted.
The transmission line 24 in such an arrangement
may be appropriately branched with a branch
04, for example, to lead to other combustion
chambers, only one such branch being shown
in Figure 8. It is not harmiful, and may be help-
ful, if the firing chamber is fired twice, once by
a spark at the usual time a few degrees hefore
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. Xow-

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 §8, valve head 82
acts also as a cavacitive projection which, at the
time the port is open, tunes the resonator to a
different frequency. In consegquence, 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 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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- ing.
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- --_---"'cn compressmn and ought to be sparked, the com-
- panion chamber might spark first. The. lcwered-_

impedance across the résonator (cr rescnant cir-

~cuit) might then draw sufficiént energy or lower
the resongtor. vcltege §o that the prcper cham-

. ber 68 would hot réceive a, spark. Sparking at
-~ the wrong tune is not too 1mpcrtent except that
- it must not oceur durirng the compression stroke
- anhd before the plstcn 18 reachee neerly to 1ts |
- top position.
- UTE desired, a capecrt.we pchectmn HD es encwn S

- 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 witholit projection

110, the capacity is inereased when the pott is
open., As ‘a result, the point of resonance of

resonatcr 68 may be suﬂiclently altered with re=
) rpect tc the p051tlcn Df plstcn IB to prevent

.

t1cn chamber It shculd be noted thet 1n gen—

- _era.l the increased capacity as valve head 92 on

opening approaches piston 1§ adds to the equiva-

~+ Ient shunt capacity of the cavity resonator €8.

- Th;erelcre the frequency of reecnence is de-=

~ creased, and the piston (8 must be more nearly

- elosed to reach the position at Which the cavity

: -_:T'-:-:-:i'_:_'_-.vesona,tes at the fixed oscillator frequency. The
~ change in capacity may be madé so great tﬂ&'-"f

' """-the plstcn can reach the pcmt ef resonance cnly

. with the port closed, .
| Tt will be epperent frorn the feregemg thet the |
~invention provides an entirely novel means and

- method for t:unmg the sparking of internal com-
It will be. further e,pparent i
© that by these means, and the method of the
~ invention the sperkmg of ‘internal combustion

- engines may be made highly reheble and with- -
. out the use of any distributor, or at least with-

' out the use of a distributor or any moving parts

| 'whatever for determlmng the precise time of fir-
o The time of firing of the combustion cham-
- ber and the time of prcductlcn of the sparking

- may be determined by a simple adjustment and

‘which may involve no more than the simple
-adJustment of & dial to alter the oscﬂlatcr fre-
'f-'-'quency in source . 29. It will be apparent that

- 2617841
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lto the cperetmg frequency, of said source, where-

'.;by the precise time of ﬁrmg of said Sperk gep |

1s. determined. by the positioni of said element.
2. The ccmblna,tmn claimed in claifn 1, said
_sperk -gap being defined. by two pelnted prebee

3. The combme,tmn clelmed in claim 1, fur-__'

| ther ccmpmsmg 8, Source ef hlgh frequeney N~
ergy to supply the said energy, said eperk-e‘&p"

| _'.bemg defined by the: space between a probe and
10

a wire-like loop equi-distant therefrom durmg
the interval of time before and after said tunine
element tunes said ‘resonant 01rcu1t to the Ire-

 quency of the energy of said source.

4. The combmatlcn claimed in elenn 1, further' |

cemprlslng a source of hlgh freéquency energy 1o
* eupply the said energy applied by said means. -
- d. The combination claimed in claim 4, the fre--

quency of the energy cf smd seurce belng ed-' |

20
: englne hemng a ccmbustmn ‘chamber with a

justable. . . |
6. In ccmblnetlcn Wlth an 1nterna,l ccmbustlcn_

piston, a hlgh—frequency clrcult havihg e spark-
gap in said chamber and comprising a. rescne,nt

i:clrcult hevmg a tumncr element “movable in

28

tlmed rela,tlcn W1th SELICI piston meens to epply

.-_h1gh frequency ‘energy to sald circuit from a

. source of high frequency ENergy, centmucusly -

- 30

from before to the time at which the motion
of said element tunes said chember to the op--
erating frequency of said- Source, ~wHheteby the

* precise time of ﬁrmg of. eeld sperk—gep is de-— :

40

45

 the same source 20 may be used for all of the

- combustion chambers of a multi-cylinder engine

~or that a seperete source may be used. for each
' chamber to give separate adjustment of the

| '*?'sparlnng time in relation to piston movement.
-- Aring cr__ .
o sperkmg time may e had, A one’ cec1llatcr is.

B Separate adJustment of each chember

used in ‘a ‘multi-cylinder englne by tuning eech

~ resonator which may be each combustion cham-
o a'-ber Then the: sperk may be similarly edvenced,,
o er retarded in all. ‘chambers. :umulte,necusly by
. the frequency edJustment
SR .-perent thet a, pulsed hlgh frequency ecurce mey R

o 60

o - nected.to said movable wall- member, -
o -.the resona,tor and. W1th1n the tnne neceese,ry 101’ o

Alsc it Wlll be dp-

LS -

-----

eﬂiment engine eperetlen
Whet I clelm 153 |

e,ble Wall member & high- frequency cirecuit: hay- |

mg a spark-gep in. said chamber and compris-
“ing a_resonant c1rcu1t hevmg a tumng element
mcveble in tnned relatmn Wlth emd engine mem-
ber means to epply high frequency energy to said

01rcu1t frcm a source of hlgh frequency energy
contmucusly from' befcre to-.the. time at ‘whieh
the motlcn cf seld elcment tunes sald chember.

termined by the position of. seld element.

7. The ccmbmetlcn cla,lmed in elaim G, eeld' _'

reecna,nt circuit ‘comprising & cemty resenetcl

8. The ccmbmatlcn clalmed in clalm 6, said o '

tunmg element bemge, piston- hke member hewng |

. a surface exposed to the cavity of said resonator.

9, In conibination W1th an mternal ccmbuetmn )

'_englne hawng a, combustion chember with a mov-

able wall meinber, g, hlgh frequency c1rcu1t hevmg

LA

4 spark-gap in §aid che,mber and comprising. a -

cavity resonator having & tinhifig clement mov-
able in tlmed relation with the said engine mem- -

‘ber means to apply high frequency energy to |
‘said eireuit- from & source of high frequency
energy,. ccntlnucusly from befele to the tJ.me |

at which the motion of sald element tunes said

chember to. the cperetmg frequency ef eerd_

~ source, whereby the precise time of firing of said -

50

spark—gap 1s determmed by the posz.tmn ef salcl

element o R

10 The cemblne,tlcn clannecl 1n cle,rm 9 the .

camty of. said cavity resonator and. seud com= .

" ‘bustion chember bemg chstmct e;nd cccupymg .

00 '_d1-:Terent spaces. -

11 The cembmetmn elalmed 111 clenn 9 e;t'

|||||

N the camty of seld cemty rescne,tcr

__ .. S 65
1. In ccmbmatlon Wlth an 1nterne1 ccmbustlcn-
engine having a combustion chamber with g mov-

'12. The-combination claimed in cle,lm 9 S&ld_
tumng element being. mechenmelly dlrectly ecn- o

'13. The combination claimed i claem G, se,ld'-

‘movable wall rember beéirg o piston:; seucl tumng |

element being directly: ccnnected te sead plstcn
- 14, The combination cImmed in: clalm 9 cnly

5 frectmnal pcrtmn of smd ccmbustwn cha,mber_ ﬁ“

~ being the cavity of said ca;ylty resonator.

70

15, The cembma,trcn clalmed rn clalm 9 serd
ccmbustlen chember andJ eeld* cevlty reeene,tcr

‘having at Ieast some walls' in: common. . -
16. The comblnut}.en claimed-in clulm 9, emd o

combuetlcn chember and ‘the- ce;wty cf said

cemty resonator being defined’ by the same walls.
75 .

17 The ccmbme,tmn clelmeel 1n clann 9 seudf_ |
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combustion chamber and the cavity of said cavity
resonator occupying the same space.

- 18. The combination claimed in claim 9, S&ld
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 infernal 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
ehgine member, means to apply high {requency

10

15

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
g 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.

20

30

21. The combination claamed in c1 alm 20 said

movable wall member being a piston.

992. The combination claimed in claim 29, 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 ¢ombus-
tion engine having a combustion chamber witi
s, Mmovable wall member, a high frequency circuit
having a spark-gap in said chamber and comni-
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 movable wall member and being positioned

30

40
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plston and the Walls thereof having a pro;ectlon
in g position toward which and away from which
said piston travels and said projection having
a2, highly capacitive relation fto 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 2%, said
spark-gap being defined between terminals at
least one of which is a pointed probe. )
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 1nterna1 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 dnd 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 €x-

tending from said projection, said piston being
a tuning element for said cavity resonator
means to apply high frequency enérgy to said
circuit from a source of high frequency energy.,
continuously from before to the time af which
the motion of said element tunes said chamber
to the coperating 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-
tion engine having a plurality of combustion
chambers each with wall member movable in
predetermined time relation to the others, a
high-frequency cireuit 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 apply
high frequency energy to said circuit from a

- goutrce of high frequency energy, continuously

OE

to alter by its motion between open and closed

positions the frequency of resonance of said
resonator.
- 29. 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 a4 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 &
cavity resonator the cavity of which occupies at
least a portion of said chamber, said cavity reso-

60
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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.

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

23. The combination claimed in clam 32, the
frequency of the energy of said source belng
adjustable.

34. The method of producing a spark in the
combustion chamber of an internal combusticn
engine with a movable wall member and having
a resonant circuit coupled to terminals defining
g, 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

nator having a tumng element compnsmg smd (! movable member from non-resonance to reson-

- - e =



o _:___w1th respect to the movable member. -’*"10
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I ance at said predeterrnined frequency, to couple S UNITED STATES PATENTS .
~ said resonating energy to said terminals with... Number Name 7 Date
| - sufficient energy to produce a spark across the .~ 1,401,231 = Anderson __....____ Dec. 27, 1921
- Spark-gap at a time determined precisely by the . 5%009'114  June ... May 21, 1935
~ 'moment of tuning said resonant circuit to sald 5 09401489 Lindenblad _________ June4, 1946
- resonance. T | - -
-~ .35, The method claxmed in. claim 34 further.-.-f-':ﬁff;. ! ﬁﬁg ?gg -- ﬁ:ﬁ;{ PR ‘gﬁ:e é?g }gig -
j-___compnsmgaltermg the frequency of the generated - 9417542  Carter ... Mar. 18, 1947
- energy fo alter the time relation of the spark 9461168  Mollvaine ... Feb. 8, 1049

ERNEST G. HNDER
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