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A

This invention relates to an ignition system for an in-
ternal combustion engine and more particularly to a tran-
sistorized ignition system for an internal combustion
engine.

iIn conventional internal combustion engine igniticn
systems, full battery voltage is appiied across the primary
winding of the ignition coil through a set of distributor
breaker points. As a result, a heavy current flows in the
primary winding and through the breaker points. When
the breaker points are opened, arcing occurs across the
points since current through the primary winding con-
tinnes to flow because of the collapsing magnetic field
of the ignition coil. This causes pitting and corrosion
of the breaker points and experience shows that the
breaker points have to be periodically replaced because
of this pitting and corrosion.

The present invention provides an igition system in
which pitting and corrosion of the breaker points are sub-
stantially reduced. This is accomplished by employing
a transistor circuit in which the primary of an ignition
coil is positioned in the load circuit of the transistor and
in which a pair of distributor breaker points are posi-
tioned in the base or contrel circuit of the transistor to
alternately turn the transistor on and off. Thus, the
breaker points switch only base or control circuit current
which is substantially less than the primary current which
must be switched by conventional ignition systems.

It is well known that the voltage induced in the sec-
condary winding of an ignition coil iz preportional to the
time rate of change of the flux in the coil and that peak
outputs occur when the magnetic field in the coil col-
{apses due to change in primary current as the switching
means in the primary circuit is opened. If follows, there-
fore, that high secondary winding ouiputs will cccur if
short switching times for the primary currents can be ac-
complished.

The present invention provides a circuit for reducing
switching times in iransistorized ignition systems by em-
ploying means that causes a reverse current to flow in the
base-emitter circnit of the transistor when the distributor
breaker points are opened. This reverse current causes
the transistor to be rapidly cut off and it, therefore, rapid-
ly interrupts current flow through the primary winding of
the ignition coil. As a result, high secondary output
voltages are obtained from the secondary winding of the
ignition coil. The means referred to above may take
the form of an electromagnetic switch including a core
constructed of ferromagnetic material. This ferromag-
netic core is magnetized in one direction when the tran-
sistor is in its conducting state. When the distributor
breaker points are opened, the ferromagnetic core is
switched from one direction of magnetization to the other
direction of magnetization. An output winding is wound
upon this ferromagneiic core and is comnnected to the
base and to the emitter of the tramsistor. This out-
put winding applies a pulse of electrical energy to the
base of the transistor of a polarity opposite to the polar-
ity of the bias applied to the base to cause the transistor
to conduct thereby causing a pulse of reverse current to
flow through the base and the emitter for a very short
pericd of time. As a result, the transistor is rapidly
switched from its conducting to ifs nonconduciing state.

As will be more fully explained in the main body of

10

20

26

30

50

55

60

65

70

2

the specification, the transistorized ignition system of
this invention will operate very well at low engine speeds
such as occur during engine cranking conditions. This
is brought about by the fact that the ferromagnetic core
can be switched from one state of magnetization to the
other state of magnetization even though the distributor
breaker points are slow to open or may not open com-
pletely.

Although the invention was discussed above in rela-
tion to a pair of distributer breaker points being posi-
tioned in the base circuit of the transistor to periodically
interrupt current flow therethrongh, it is obvious that
various other means for interrupting the base current
may be employed. For example, a magnetic switch that
includes a winding positioned in series with the base cir-
cuit and a multipole permanent magret driven by the
distributor and placed adjacent this winding may also be
employed.

An cbject of the invention is the provision of a tran-
sistorized ignition system for an internal combustion
engine.

Another object of the invention is the provision of a
iransistorized ignition system for an internal combustion
engine in which the transistor is cut off very rapidly when
it is desired to interrupt the current in the primary wind-
ings of ignition coil.

A further cbject of the invention is the provision of
a transistorized ignition system for an internal combus-
tion engine that will work very well and will provide
proper ignition at low engine speeds.

Still another object of the invention is the provision of
a transistorized ignition system for an internal combustion
engine that includes means for causing a reverse current to
flow in the base-emitter circuit of the transistor when it
is desired to interrupt current in the primary winding of
ths ignition coil, thereby rapidly switching the transistor
from its conducting to its nonconducting state.

Other objects and attendant advantages of the present
invention will become more readily apparent as the specifi-
cation is considered in connection with the accompany-
ing drawings in which:

FIG. 1 is a circuit diagram of one embodiment of the
invention;

FIG., 2 is a partial circuit diagram of another embodi-

ent of the invention;

FIG. 3 is a wiring diagram of the ferromganetic ccre
employed in the embodiments shown in FIGS. 1 and 2;

FIG. 4 is a hysteresis loop of the ferromagneiic core
shown in FIG. 3;

FIG. 5 is a plot of the pulse of reverse current that
flows through the base-emitter circuit of the tramsistor,
with the Y showing the magnitude of the current
flow and the X axis being a time base in microsec-
onds, and,

FIG. 6 is a schematic representation of the transistor

uring the time that reverse current flows in the base-
emitter circuit of the transistor.

Referring now to the drawings in which like refer-
ence numerals designate like parts throughout the several
views therecf, there is shown in FIG. 1 a transistorized
ignition system that may be employed with an automotive
vehicle internal combustion engine. This ignition system
incledes a transistor 1§ having an emiiter 11, a col-

base 13. For purposes which will be

<3
axi

more fully
sistor 1§ is preferably of the tvpe that has a low break-
down voltage b
bia applied A break-
down voltage in the range of 1 to 5 volis is satisfactory,
and a diffused alloy power {ransistor having a graded
or diffused base provides this characteristic.
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An electromagnetic switch means 15 is connected in
circuit with the transistor 19. This electromagnetic switch
means includes a ferromagnetic core 16 constructed of a
-material having a square or rectangular type hysteresis
loop and having a fast switching time.- A “Deltamax”
material which is a grain orientated:50 percent nickel-
iron alloy having a rectangular hysteresis loop may be
employed to construct the ferromagnetic core 16. - A first
input winding 17 is wound upon the core and has one
end connected through a lead 18 to the base 13 of tran-
sistor 16. Thez other end of the first input winding 17
is connected-by a lead 21 to a resistor 22. A second
input winding 25 is wound upon the core 16 and is
connected at one end through a lead 26 to the collector
12 of transistor 10. The other end of the second input
winding 25 is connected through a lead 27 to a junction
point 28. An output winding 31 is wound upon the
core 16 and has one end connected to the base 13 of
. transistor 19 through a lead 32. The other end of the
‘output winding 2% is conmected through a lead 33 to a
resistor 34. The resistor 34 is in turn connected to the
emitter 11 of transistor 19 through a lead 35.

The emitter 11 of transister 16 is connected to the

posiiive terminal 41 of electrical storage battery 42
through an ignition switch 43 that includes a resistor 44.
More specifically, the ignition switch includes a pair of
movable ganged arms 45 and 46 that are connected tfo
the positive terminal 41 of battery 42 through leads 47
and ‘48. The ignition switch 43 includes six contacts,
-designated by the numerals 51 through 56. The contact
52 is connected to resistor 44 through leads 57 and 58,
~while the contact 53 is connected to resisior 44 through
lead 59 and lead 58. The contact 56.is connected to
-the emitter 11 of the transisior 1§ through leads 61 and
62, while the resisior 44 is connected to the emitter 11
through a lead 63 and lead 62.
- When the movable ganged arms 45 and 46 of ignition
switch 43 are connected to contacts 51 and 54 respectively,
‘the ignition switch is in the “off” position. When the
arms 45 and 46 are in contact with the contacts 52 and
55 respectively, the ignition switch is in the “on™ posi-
tion and current is fed from the positive terminal of the
battery 41 to the emitter 31 of transistor 1§ through
lead 47, movable arm 45, contact 52, lead 57, lead 58,
resistor 44, lead- 63 and lead 62. When the movable
ganged arms 45 and 46 of ignition switch 43 are in con-
tact with contacts 53 and 58 respectively, the ignition
is in the “start” position and electrical energy is fed from
the positive terminal 41 of the battery 42 to the emitter
11 of transistor 10 through lead 47, lead 48, movable arm
46, contact 56, lead 61 and lead §2. Thus, when the igni-
tion switch is in the “start” position, the resistor 44 is
bypassed so that more energy will be fed to the transistor
190 during starting operations than is fed to its during
ordinary operating -conditions.

As previously described, the resistor 22 is cannected
to the base 13 of transistor 1@ through lead 21, input
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winding 17 and lead 18. The other end of the resistor .

22:is connected to a current interrupting means that may
conveniently take the form of a pair of distributor breaker
points 66. This pair of distributor breaker points.is also
connected to ground through a lead 67. The lead 67
thus connects 'the distributor breaker points 66 to the
negative terminal 68 of the storage battery 42 that is also
grounded by a lead 69.

The ]uncnon point 28 of transmtor 10 is connected
to the primary winding 71 of an ignition coil 72 through

60 .
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‘a resistor 70. The other end of the primary winding 71 _

‘is grounded throngh a lead 73. The secondary winding
74 of the ignition coil 72 is comnected ‘through lead
75 with rotating arm 76 of distributor 77. The other
end of the secondary winding 74 is grounded through
a lead 78.  The rotating arm 74 sequcnﬁaﬂy connects the

secondary winding 74 of the ignition coil 72 with spark”

plugs 81 through 86 by means of distributor. cap con-

75

Second

‘Output winding 31

4

tacts 91 through 96. The rotating arm 76 and the dis-
tributor breaker points ‘66 of the disiributor 77 are
operated in timed relationship so that the distributor
breaker points €6 are opened when the rotating arm 76
comes into comtact with any one of the distributor cap
confacts.

A capacitor 97 is connected to the junction point 28

‘and to the lead 73 so that it is connected across the series

combination of the primary winding 7% and the resistor
70. This capacitor functions to reduce the instantaneous
wattage appearing across the transistor 19 when the tran-
sistor is switched from its conducting to its nonconduct-
ing state. A zener diode 98 is comnected across the

transistor between the emitter -11 and the Juncnon point

28 to protect the transistor from -voltages in excess of
those at which it is designed to operate. This zener diode
wiil have a breakdown voltage substantially equal to
the voltage at which the transistor 19 is designed to op-
erate. - Voltages of ‘a magnitude- in excess of the peak
voltage -that the transistor can withstand may appear
when the transistor is switched from its conducting to its
nonconducting state due to the inductive kick from the

primary winding 71 of ignition coil 72.  When this occurs

the zener diode 98 will break down and will provide
a’'low resistance path in parallel with the collector and
the emitter of the transistor. -

FIG. 2 discloses another embodiment of the invention
in which the second input winding 25 is connected across
the -terminals 41 and 68 of the electrical storage battery
42 rather than being connected in series with the emitter
12 of transistor 19 and the resistor 70 and primary wind-
ing 7% of the ignition coil 72. "In FIG. 2, one end of the
second input winding 25 is connected to ground through
a lead 191 while the other end- of the first input winding
2§ is conmnected through a lead 102 to a resistor 103.
The other end of the resistor 193 is connected through
a lead 194 to the lead 62.

The emitter 11 and the collector 12 of the transistor
16 may properly be termed output terminals, ‘while the

base 13 and the emitter 11 may be termed input terminals.

The emitter 11 in this sense is both an input terminal
and an output terminal.- The base 13 of the transistor 10
can also be termed a control electrode control terminal.
the circuit interconnecting the collector and emitter may
be properly denoted as an output or load circuit, while
the circuit interconnecting the base and emitter may be

-properly termed an input or control circuit. -

The ignition systems shown in FIGS. 1, 2 and 3, may
employ the following components which are given by

~way of example only:

Transistor 10
Core 16

2N1073B.

An Arnold Engineering Delta-
max core—3T8043D4. This
core is constructed of a grain

" oriented 50 percent nickel-
iren alloy having a rectangu-
lar hysteresis loop. It may
be wound from a strip of
this material having a thick-
ness of .004 inch, and the
core may-have an inner di-
ameter of 0.500 inch: and an
outer d1ameter of 0 625
inch. s

First input wmdmg 17 = 50 turns of copper - wire.

input - winding

25 1 turn of copper - wire.

10 turns of copper wire.

Resistor 22 _ . ____._.. 8 ohms."
Resistor 34 - _.____ 5.6 ohms.
Resistor 44 ____.______ 0.33 ohm
Resistor 70 —______.____ 0.43 chm

Primary winding 71 of ig-
- nition coil 72
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26,000 turns of #38 copper
wire.

A standard 12 volt autemotive
vehicle storage battery.

Zener diode %8 ________ 1M3004A, having a break-
down voltage of 91 volis.

1.00 ohm.

Secondary winding 74 of
ignition coil 72

Storage battery 42

Resistor 183

In operation of the ignition system shown in FIGS.
1 and 2, the operator of ihe automotive vehicle in which
it has been installed, moves the ignition switch 43 to the
“start” position in which the movable arms 45 and 46
are in engagement with contacts 53 and 5. After the
internal combustion engine has started, the ignition switch
is moved to the “on” position in which the movable arms
45 and 4% are positioned in engagement with the contacts
52 and 55. With the switch in the “start” position, the
emitter 11 of the transistor 18 is directly connected to
the positive terminal 41 of storage battery 42 through the
ignition switch 43. With the ignition switch 43 in the
“on” position, the emitter 11 will be connected to the
positive terminal 41 of the storage battery 42 through
the ignition switch 43 and the resistor 44. On the other
hand, the base 13 is connacted io the negative terminal
63 of storage battery 42 through the lead 18, first input
winding 17, lead 23, resistor 22, distributor breaker points
65, lead 67 and Isad 9. This will turn the transistor to
its “on” position or conducting state when the distributor
breaker contacts 8 are closed. As a resulf, base current
will flow through the first input winding 17 positioned
on core 16. The current that flows from the battery 42
through the transistor 18 to the primary winding 71 of
the ignition coil 72 flows through the second input wind-
ing 25.

Under ordinary osperating conditions, the base curient
traversing the winding 17 is approximately 1 ampere and
since this winding comprises 50 turns, it will impress a
magnetomotive force on the coil of 50 ampere turns.
The current that normally flows from the transistor 10
to the primary winding 71 is on the order of 12 amps
and since this winding comprises ons turn, it will impress
a magneiomotive force of approximately 12 ampere turns
upon the core i6.

As can be seen by reference to FIG. 3, the first input
winding 17 is wound io create a clockwise flux in the
core and the second input winding 25 is wound tc create
a counterciockwise flux in the core. The resuliant of
these two magnetomotive forces is a magnetomotive force
of approximately 38 ampere turns which creates a re-
sultant flux in the core 16 in a clockwise direction. Re-
ferring to FIG. 4, this flux is designated as having a
negative direction and the core described above, such as
the Arnold 3T8043D4, is designed to saturate with mag-
netomotive force of approzimately 6 ampere turns im-
pressed upon it. It can be seem, therefore, that when
current flows through both the first input winding 17 and
the second input winding 25 that the core 16 is saturated
in the negative direction.

During the time that the transistor is turned on, or is
in its conducting state, as a result of the distributor con-
tact points $6 being closzd, the core 16 wiil be in a state
of negative saturation. As a result, the impedance of
the output winding 21 connected between the base 13
and the emitter i1 of fransistor 19 will be substantially
zero. 'The resistor 34, however, provides sufficient re-
sistance between the emitfter 11 and the base 23 of tran-
sistor 18 to maintain proper operating bias. When the
breaker poinis 6§ are opened, the current through the
first input winding 17 is interrupted or substantially re-
duced to zero during ncrmal operating conditions. The
transistor 19 will, therefore, tend to be turned 4o its non-
conducting state. It has, however, a large inductive ele-
ment, primeary winding 71 of ignition coil 72, connected
in series with it. Current will continue to flow, therefore,
through the transistor i{ for a short interval of time.
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This current also traverses the second input winding 25
and since it has a magnitude of approximately 12 am-
peres, it will switch the core from its negative state of
saturation to iis positive state of saturation in a very
rapid switching action. As a result of the switching of
the core, a voltage is induced in the output winding 31.
This voltage is of a polarity to cause a reverse current
to flow in the base-emitter circuit of the transistor. Since
in normal operation of the transister current flows from
the emitter to the base, this reverse current flows from
the base to the emitter. It can be appreciated that the
polarity of the volitage applied to the base 13 by output
winding 31 is opposite to the polarity of normal operat-
ing bias.

It has bzen found that the voliage induced in the out-
put winding 31 as a result of the switching of the core
18 is approximately 5 volts. This is sufficient to cause a
breakdown in the base to emitier junction of the tran-
sistor 3% and to cause a pulse of current through the
base-emitter circuit including the winding 31 and the re-
sistor 34 of a peak magnitude of approximately 1 ampere.
Referring now to FIGS. 5 and 6, it can be seen that this
current puise has a very steep wave front. Tesis have
shown that the current reaches a maximum o0i approxi-
mately one ampere and approximately Yo of a micro-
second, and that it decays ic approximately ¥ of an
ampere in a range of from 6 to 8 microseconds after
the core 16 has started to switch. As shown in FIG.
8, this current flows in a counterclockwise direction in
the base-emitter circuit and thus it flows in a direction
that is the reverse of ordinary current flow in the tran-
sistor when the transistor is in its conducting state.

This reverse current very rapidly switches the tran-
sistor 1€ from its conducting fo its noncenducting state
since the peak value of this current is reached in approxi-
mately ¥4y of a microsecond. It has been determined that
the transistor can be {furned off in the range of from 3 to
4 microssconds using the circuit of the present invention.
This will provide high output voliagss from the secondary
winding 74 of the ignition coil 72 since the current
through the primary winding 72 is rapidiy cut off. When
this current is cut off, the collapsing magnetic field of the
primary winding 71 induces a high voliage in the sec-

ndary winding 74 which is applied to one of the spark
piugs 81 through §& by means of the rotating arm 76 and
one of the distributor cap contacts $3 through $6. After
this takes place, the distributor breaker points €6 will
again close to complete the base or inpuf circuit of tran-
sisior 16 and to bring the transistor 9 into conduction.

Referring now to FIG. 4, it can be appreciated that
the core 16 is magnetized in a negative direction when the
distributor breaker points 66 are ciosed and current is
flowing in the first input winding 17. The negative di-
rection of magnetization corresponds to a counterclock-
wise directicn shown in FIG. 3. When the distributor
breaker points 66 open, it will be apparent that the core
156 is swiiched to a positive direction of magnetization
(corresponding to a clockwise direction in FIG. 3).
When the disiributor breaksr points 65 open and the
core 1% is switched from ifs negative to ifs positive state
of magnetization, the output winding 31 provides a pulse
of electrical energy having a polarity to drive a pulse of
reverse current through the base-smitter circuit of the
transistor. This rapidly switches the transistor 18 from
its conducting to its nonconducting state. The core 6
wiil remain in a positive state of magnetization with a
flux density at least equal to the remnant flux density
cf the core until the distribuior breaker points §5 close.
At this time, the base current will again flow through
the first input winding 17 and the core 35 will be switched
to its negative state of magnetization. The cycle de-
seribed above is repeated periodically so that transistor
13 is alternately switched from its conducting state to its
nonconducting state. - Each time the transistor 10 is
switched to its nonconducting state, the rotating arm 76
comes into contact with ome of the distributor cap con-
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tacts 91 through 26 to supply a spark to one of the spark
plugs 81 through 86.

The embodiment of the invention shown in FIG. 2 op-
erates in substantially the same manner as the embodi-
ment of FIG. 1 except that current continuously flows
through the second input winding 25 by way of lead 104,
resistor 193, lead 162 and lead 161. Thus, the core 16 is
continually biased towards a direction of positive mag-
netization by the magnetomotive force developed by the
current -in the first input winding 25. When the dis-
tributor breaker points 66 are closed, current will flow
in the first input winding 17, and this current will develop
sufficient magnetomotive force to overcome the magneto-
motive force developed by the current flowing in the
second input winding 25, so that the core will be posi-
tioned in a state of negative magnetization. When the
distributor breaker points 66 oper, the core will be
switched from iis negative to its positive state of mag-
netization and will remain in the positive state of mag-
netization during the interval that the breaker points are
open.  When the breaker points are again closed, the
core wiil then switch back to its negative state of mag-
netization. The currents flowing in the first input winding
17 and the second input winding 25 of the embodiment
shown in FIG. 2 are substantially the same as those of
the embodiment shown in FIG. 1. . As a result, the output
voltage of output winding 31 and the reverse current
flowing through the base-emitter circuif of transistor 19
are substantially the same as those of the embodiment
shown in FIG. 1.

In all of the embodiments of the invention, there is
provided a very reliable transistorized ignition system in
which breaker point life is substantially increased over
conventional systems, since the breaker points need only
switch the base current of the transistor rather than full
primary current. ,

This system will work very well at low engine speeds
such ‘as encountered in engine cranking conditions. Dur-
ing low engine speeds, the breaker points 66 may be slow
to.open or will not open completely. In such a case,
however, the core 16 of the ignition system will still
switch from one state of magnetization to the other since
as the breaker points 66 commence to open, the resistance
of the base circuit will rise very rapidly and the current
through the base circuit and the first input winding 17
will be substantially reduced. Since the core can be
driven to saturation by a magnetomotive force of around
6 ampere-turns, it can be seen that the core will switch
when the magnetomotive force impressed upon the core
by the first input winding 17 falls to the neighborhood of
6 ampere turns. Thus, the system will operate efficiently
even though the distributor breaker points are slow to’
open or-even though the disiributor breaker points fail
to open completely.

The provision of the ferromagnetic core 16 with the
very rapid switching time, in the neighborhood of a frac-

-tion ‘of a microsecond, provides advantages over other
types of feedback systems that derive a feedback pulse
from a feedback winding coupled to the ignition coil it-
self. Such a feedback winding cannot apply a feedback
pulse to the transistor at such a rapid rate since the maxi-

mum voltage output from such a feedback winding occurs’

only when the flux change in the ignition coil reaches a
maximum.  This may take a period of time of the order
of several magnitudes larger than the time required to

switch the ferromagnetic core 16. As previously stated,

this rapid switching of the core 16 and hence the rapid
turning off of the transistor 10 results in hxgh secondary
'output voltages.

Although- the invention is shown.employing a p.n.p.
- ‘type transistor; the invention is in no way limited to this
type of transistor. It will be readily apparent to those
skilled in the art how the circuit of the invention may be
- .connected to employ other types of transistors, for exam-
ple, a n.p.n. type transistor. Similarly, the invention may
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employ any type of ferromagnetic core that has a sub-
stantially rectangular hysteresis loop and that will switch
very rapidly under low magnetomotive forces.

It will be understood that the invention is not to be
limited to the exact comstruction shown and described,
but that varicus changes and modifications may be made
without depamng from the spirit and scope of the inven-
tion as defined in the appended claims.

I claim:

1. An ignition system for an internal combustion en-
gine comprising, a spark plug, an ignition coil including
a primary winding and a secondary winding, said second-
ary winding being connectable to said spark plug, a source
of electrical energy, a transistor having an emitter, a col-
lector and a base, said primary winding of said ignition
coil, said source of electrical energy and said collector
and emitter: of said transistor being connected- in series,
means conneciing said base of said transistor with said
source of electrical energy for properly biasing said tran-
sistor, means connected in circuit with the base of said
transistor for interrupting current flow through said base,
a ferromagnetic core, means connected in circuit with said
transistor and said source of electrical energy for switch-
ing said ferromagnetic core from one direction of mag-
netization to the other direction of magaetization in re-
sponse to the interruption of current flow through said
base, an output winding wound upon said ferromagnetic
core and connected to said emitter and said base, said out-
put winding being wound upon said ferromagnetic core
in a direction to cause a current to flow through said
emitter and base in a direction opposite to current flow

through the base and the emitter when said transistor is

in a conducting state whereby said transistor is brought
rapidly to its nonconducting state.

2. An ignition system for an internal combustion en-
gine comprising, a spark plug, an ignition coil including
a primary winding and a secondary winding, said second-
ary winding being connectable to said spark plug, a source
of electrical energy, a transistor having an emitter, a col-
lector and a base, said primary winding of said ignition

coil, said source of electrical energy and said collector

and emitter of said transistor being connected in series,
means connecting said base of said transistor with said
source of electrical energy for properly biasing said tran-
sistor, means connected incircuit with said base of said
transistor for interrupting cuirent flow through said base,

.a ferromagnetic core having a substantially rectangular

hysteresis loop, a first input winding wound upon said
ferromagnetic core, said first input winding being con-
nected in circuit with said base and with said -means for

-interrupting current fiow through said base whereby nor-

mal operating base current flows through said first input
winding, a second input winding wound upon said ferro-

‘magnetic core, said second input winding being connected

in circuit with said source of electrical energy, the mag-
netmotive force developed by the current in said first input
winding being sufficient to magnetize the ferromagnetic
core in one direction, the magnetomotive force developed
by the current in the second input winding being sufficient
to magnetize the ferromagnetic core in the other direction,
the resultant magnetomotive force of said first input wind-
ing and said second input winding magnetizing said core
in said one direction, said.ferromagnetic core switching

" from one direction of magnetization to the said other

70

direction of magnetization when said means interrupts
current flow through said base and said first input wind-
ing, and an output winding connected to said emitter and
to said base and wound upon said core in a direction to
produce a current flow in said base and emitter in a direc-

‘tion opposite to the normal current flow through said

base and emitter when said magnetic core-is switched. as
a result of current being interrupted in said base and said
first input winding, whereby said transistor is switched—, :

_rapidly from its conducting to its nonconducting state.
75

3. In an 1gmuon syafem for: an- mternal combustxon
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engine the combination comprising a plurality of spark
plugs, an ignition coil including a primary winding and
a secondary winding, a disiributor for sequentially con-
necting said secondary winding with said spark plugs, a
source of electrical energy, a graded base transistor hav-
ing an emiiter, a collector and a base, said primary wind-
ing of said ignition coil being connected to said collector,
said distributor including a pair of breaker points, said
emitier being connected to said source of electrical energy
and said base being connected to said source of electrical
energy through said breaker points, a ferromagnetic core
having a substantially rectangular hysteresis loop posi-
tioned adjacent said transistor, a first input winding posi-
tioned upon said core and connected in series with said
base and said breaker points, a second input winding posi-
tioned upon said core and connected in series with said
collector and the primary winding of said ignition coil,
an output winding positioned upon said core and comn-
nected to said emitter and to said base, the resultant mag-
netcmotive force of said first and second input windings
being sufficient to magnetize the core in one direction, the
magnetomotive force developed by said second input wind-
ing being sufficient to magnetize the core in the other
direction whereby said core is switched from one state
of magnetization to the other state of magnetization when
said breaker points are opened, said output winding being
wound upon said core in a direction to produce a current
flow through said base and said emitter in a direction
opposite to the normal current flow through said base and
said emitter whereby said transistor is rapidly brought to
its nonconducting state when said breaker points are
opened.

4, In an ignition system for an automotive vehicle the
combination comprising a plurality of spark plugs, an
ignition coil including a primary winding and a secondary
winding, a distributor for sequentially connecting said
secondary winding with said spark plugs, a source of elec-
trical energy, a transistor having input terminals and out-
put terminals, an input circuit connected to said input
terminals and an output circuit connected to said output
terminals, said primary winding of said ignition coil being
positioned in the output circuit of said transistor, said
distributor including a pair of breaker points, said source
of electrical energy and said pair of breaker points being
connected in series and positioned in the input circuit of
said transistor, and a bistable eleciromagnetic switch
means positioned adjacent said transistor, said bistable
electromagnetic switch means comprising a ferromagnetic
core having a substantially rectangular hysteresis loop,
a first input winding wound upon said ferromagnetic core
and connected in the input circuit of said transistor and
in series with said breaker points, a second input winding
wound upon said core and connected in series with the
primary winding of said ignition coil, the resultant mag-
netomotive force developed by said first and said second
input windings being sufficient to magnetize the core in
one direction, the magnetomotive force developed by said
second input winding being sufficient to switch the core
to its other direction of magnetization when current flow
through said first input winding is interrupted due to the
opening of said breaker points, and an output winding
wound upon said core and connected in circuit with the
input terminals of said transistor for causing a current
to flow through said input terminals in a direction oppo-
site to current flow through said input terminals during
normal operation.

5. In an ignition system for an automotive vehicle the
combination comprising a plurality of spark plugs, an
ignition coil including a primary winding and a secondary
winding, a distributor for sequentially connecting said
secondary winding with said spark plugs, a source of
electrical energy, a tramsistor including a collector, an
emitter, and a base, said primary winding being connected
in series with said collector, said emitter and said source
of electrical energy, said base being connected to said
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source of electrical energy for biasing said tramsistor to
its conducting state so that current flows through said
base to said source of electrical energy, a bistable ferro-
magnetic core, a first input winding wound upon said
ferromagnetic core and connected in series with said base,
a second input winding wound upon said core and con-
nected in series with the primary winding of said ignition
coil, the resultant magnetomotive force of said first and
said second input windings being sufficient to magnetize
said core in one direction when said transistor is in its
conducting state, and means positioned in series with said
base and said first input winding and driven by said dis-
tributor for interrupting current flow through said base
and said first input winding, the current flow through said
second input winding being sufficient to switch the ferro-
magnetic core to the other direction of magnetization,
and an output winding connected to the emitter and the
base of said transistor and wound upon said core in a
direction to produce a current fiow through said base and
said emitter upon the change of direction of magnetization
of said ferromagnetic core in a direction opposite to the
current flow when said transistor is in a conducting state.

6. An ignition system for an internal combustion en-
gine comprising, an electrical ignition means, an ignition
coil including a primary and a secondary winding, said
secondary winding being connected in circuit with sai
electrical ignition means, a source of electrical energy, a
semiconductor device having input terminals and output
termirals, an input circuit connected to sald input termi-
nals and an output circuit connected to said output termi-
nals, said primary winding of said ignition coil being posi-
tioned in the output circuit of said semiconductor device,
means operable by the internal combustion engine for
periodically reducing current in the input circuit of said
semiconductor device, a bistable electromagnetic switch,
means positioned in the input circuit of said semicon-
ductor device and coupled to said bistable electromag-
netic switch for maintaining said bistable electromagnetic
switch in one of its stable states by normal current flow
through said input circuit of said semiconductor device
when said semiconductor device is in its conducting state,
means coupled to said bistable electromagnetic switch
and said source of electrical emnergy for switching said
bistable electromagnetic switch from its one stable state
to its other stable state when current in the input circnit
of said semiconductor device is reduced, and means cou-
pled to said bistable electromagnetic switch and said input
circuit of said semiconductor device for causing a current
to flow through said input circuit of said semiconductor
device when said bistable electromagnetic switch is
switched from its one stable state to its other stable state
in a direction opposite to the direction of current through
said input circuit when said semiconductor device is in
a conducting state.

7. An ignition system for an internal combustion en-
gine comprising a source of electrical energy, an ignition
coil including a primary and a secondary winding, a semi-
conductor device including an outpui circuit and an input
circuit, said output circuijt of said semiconductor device
connected in circuit with said source of elecirical energy
and said primary winding of said ignition coil for con-
trolling the energization of szid ignition coil, an electri-
cal ignition means, said electrical ignition means con-
nected in circuit with said secondary winding, a bistable
electromagnetic switch electrically coupled to said input
circuit of said semiconductor device, means adapted to
be operated by the internal combustion engine and cou-
pled to the input circuit of said semiconductor device for
periodicaily switching said semiconductor device to its
nonconducting state, and circuit means coupled to said
bistable eleciromagnstic switch and said last mentioned
means for switching said bistable electromagnetic switch
from one of its stable states to the other of its stable
states as said semiconductor device is switched to its non-
conducting state, and means coupled to said bistable eiec-
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tromagnetic switch and the input circiit ‘of said semicon-
ductor device for driving a current through said input
circuit of said semiconductor device as said semiconduc-
tor device is switched to its nonconducting state in a direc-
tion opposite to the current flow through said input circuit
when said semiconductor device is in a conducting: state.

8. An ignition system for an internal combustion en-
gine comprising, a source of electrical energy, an ignition
coil including a primary and a secondary winding, a semi-
_conductor device including an output circuit and an input
circuit, said output circuit of said semiconductor device
connected in circuit with said source of electrical energy
and said primary winding of said ignition coil for con-
trolling the energization of said ignition coil, an electrical
ignition means, said electrical ignition means connected
in circuit” with said secondary winding, a bistable elec-
tromagnetic switch electrically coupled to said input cir-
cuit of said semiconductor device, means adapted to be

operated by the internal combustion engine and coupled to-

the input circuit of said semiconductor device for periodi-
cally reducing current flow in the input circuit of said semi-
conductor device, circuit means coupled to said bistable
electromagnetic switch and said Iast mentioned means for
switching. said bistable electromagnetic switch from one
of its stable states to the other of its stable states as the
current flow in said ‘input circuit of said semiconductor
device is reduced, and means coupled to said bistable
electromagnetic switch and the input circuit if said semi-
conductor device for driving a current through said input
circuit of said semiconductor device as said bistable. elec-
tromagnetic switch is switched from said one stable state
to said other stable state in a direction opposite to the
current flow through said input circuit when said semi-
conductor device is in a conducting state whereby said
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semiconductor device is brought rapidly to its nonconduct- 35

ing state.
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© 9. An ignition system for an intérnal combustion en-

gine comprising, a source of electrical energy, an ignition
coil including a primary and a secondary winding, a semi-
conductor device including an output circuit and an input
circuit, said output circuit of said semiconductor device
connected in circuit with said source of electrical energy
and said primary winding of said ignition coil for con-
trolling the energization of said ignition coil, an electri-
cal ignition means, said electrical ignition means connected
in circuit with said secondary winding, means connecting
said input circuit of said semiconductor device with said
source of electrical energy for.causing said semiconductor
device to conduit, means connected in circuit with said
input circuit of said semiconductor device for reducing cur-
rent flow in the input circuit of said semiconductor device,
a ferromagnetic core, means connected in circuit with said
semiconductor device and said source of electrical energy
for switching said ferromagnetic core from one direction
of magnetization to the other direction of magnetization
in response.to the reduction of current flow in"said input
circuit of said semiconductor device, an output winding
wound on said ferromagnetic core and connected to the
input circuit of said semiconductor device, said output
winding being wound upon said ferromagnetic core in a
direction to cause current flow through said input circuit
of said semiconductor device in a direction opposite to
current flow through said input circuit when said semi-
conductor ‘device is in a conducting state whereby- said
semiconductor device is brought rapidly to a nonconduct-
ing state. ’ : - ’
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