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This invention relates to transistorized automobile igni 
tion systems. 

In conventional ignition systems, including transistor 
ized systems, where energy to produce the necessary igni 
tion spark is built up in a coil, Áballast resistance may be 
provided for the purpose of limiting the current thro-ugh 
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the primary winding >of the ignition coil to a safe value, . 
especially under stall or idle conditions. This ballast -re 
sistance may be built into the coil or may be in the form 
of a separate ballast resistor. During starting, when a good 
spark is particularly desirable, the battery voltage avail 
able for ignition may be substantially reduced due to the 
large amount of current required by the starting motor, 
and this voltage is reduced still further by the previously 
mentioned ballast resistance. This reduction in voltage re 
sults in a proportional decrease in the primary winding 
current. Since the spark energy is a function of the second 
power of primary winding current value, the energy per 
spark is greatly reduced by a small reduction in primary 
winding current. Switch means may be provided to short 
-circuit the ballast resistor during starting to provide higher 
ignition coil current at that time. During high speed op 
eration, when the ignition points are closed only for a 
short time, the ballast resistance may so lengthen the time 
constant of the circuit including the ignition coil and, 
therefore, the time required for suñîcient current to build 
up in the coil, that suñ‘icient energy may not be stored in 
the primary ̀ winding of the ignition coil, during the short 
time that the points are closed between sparks, to insure 
good ignition. Therefore, the provision of a series resis 
tance in the ignition circuit of an internal combustion en~ 
gine, while providing necessary current limiting during 
stall and low »speed operation, is detrimental to starting 
and high speed operation of internal combustion engines 
using spark ignition. 

Furthermore, in many ignition systems, the ignition 
points >are burned or pitted during operation thereof due 
to the making and breaking of high currents by the igni 
tion points and due to the high voltage induced across 
them (called inductive kick back) as the result of the 
highly inductive ignition circuit. In such circuits, the igni 
tion points must be adjusted or replaced periodically. Cir 
cuits including vacuum tubes and transistors are known 
in which ignition points are unnecessary or in which the 
current flowing through the points is minimized and in 
which the inductance of the ignition coil is isolated from 
the ignition points, whereby ignition troubles due to point 
burning and pitting are avoided. In many of these elec 
tronic ignition systems, a transistor or vacuum tube acts 
as a switch in the series circuit including the primary wind 
ing of the ignition coil. In such circuits using transistors, 
excessive current ilow in the ignition coil during stall and 
slow speed operation ‘of the engine may cause the Voltage 
induced across the series switching transistor, when the 
ignition points are subsequently opened, to ybuild up to a 
point where the inductive kick back may cause failure of 
the switching transistor. The transistor may be protected 
Iby limiting the effect of this kick back -by connecting a 
Zener diode or a capacitor across the primary winding of 
the coil, or across the switching transistor itself. By limit 
ing the primary winding current, the protective com 
ponents may be reduced to a minimum size and the over 
all e?îìciency of the circuit may be increased. 
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It is an object of this invention to provide an improved 

transistorized internal combustion engine ignition system. 
It is a further object of this invention to provide an im 

proved transistorized ignition system in which ballast re 
sistance is not required. I 
‘ Another object of this invention is to provide an im 
proved transistorized ignition system for internal combus 
tion engines which reduces the time in which increased 
current through the ignition Icoil is attained compared to 
that required in such ignition systems known heretofore. 
An additional object of this invention is to provide an 

improved transistorized ignition system presenting im 
proved high speed engine performance coupled with good 
starting characteristics. 

In accordance with this invention, the switching tran 
sistor of a tr-ansistorized ignition system is operated at 
saturation to initiate current flow therethrough and 
through the ignition coil, and this current ñow is limited 
by suitable means to a desired maximum value regardless 
of the voltage of the supply source (above a certain low 
value thereof) and independently of the time the ignition 
points are closed and the switching transistor is conduc 
tive. 
The novel features of this invention, both as to its or 

ganization and method of operation, as well as additional 
objects and -advantages thereof, will be understood more 
readily from the following description, when read in con 
junction with the accompanying drawings, in which: 
FIG. 1 is a diagram of an internal combustion engine 

ignition circuit according to this invention in which the 
battery positive terminal and one of the ignition points are 
grounded; 
FIG. 2 is a circuit diagram of another embodiment of 

this invention in which the battery negative terminal and 
one of the ignition points are grounded; ` 
FIG. 3 is a circuit diagram of a further embodiment in 

:accordance with this invention. _ 
In FIG. 1, the negative terminal 10 of a potential source 

as indicated, such as the battery of an automobile, is con 
nected to the emitter of an NPN switching transistor 12 
through a small emitter resistor 14. The collector of the 
switching transistor 12 is connected to the other terminal 
16 of the potential source, which may be grounded, 
through the primary winding of an ignition transformer'or 
coil 18. A voltage limiting Zener diode 20 may be con 
nected between the emitter and the collector of the switch 
ing transistor 12 for a purpose to be explained. The sec 
ondary or high voltage winding of the ignition transformer 
or coil 18 is connected between the terminal 16 and the 
distributor of a multi-cylinder internal combustion en 
gine. The negative terminal 10 of the potential source is 
also connected to the terminal 16 through a resistor 22, 
and through the emitter to collector path of an NPN 
driver transistor 24 and a further resistor 26, all in series. 
The emitter of the driver transistor 24 is also connected 
to the base of the switching transistor 12. A fourth re 
sistor 28 is connected `between the terminal 10 and the 
base of the transistor 24. A ñfth resistor 30 and a switch 
32, which represents the engine ignition points, are con 
nected in series between the base of the driver transistor 
24 and the terminal 16. A plurality of diodes 34 in series 
are connected in parallel with the resistor 28. The diodes 
34 are poled to be conductive with respect to the potential 
source, i.e., cathode to anode, and final cathode directly 
to the-negative terminal 10. In the normal operation of 
the internal combustion engine of which the circuit de 
scribed above is the ignition circuit, the normally closed 
points 32 are opened, when an ignition sparkis needed, by 
a cam (not shown) that is rotated 'by the engine. The cir 
cuit of FIG. 1 is adapted to be used with an engine Where 
the positive terminal of the battery is grounded and where 
it is advantageous to ground one of the ignition points. 
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VConsidering the operation of the circuit of FIG. l, 
when the points 32 are opened, no voltage is applied to 
the base of the driver transistor 24 with respect to the 
emitter thereof, whereby substantially no current flows 
between the collector and the emitter of the driving tran 
sistor 24, and no current tlows into the base of the switch 
ing transistor 12. The switching transistor 12 is opened 
circuited and substantially no current ñows through the 
primary winding of the coil 18. When the points 32 are 
in contact or closed, a positive voltage is applied to the 
base of the NPN driving transistor 24 with respect to its 
emitter throu-gh resistor 30. The voltage drop across the 
resistor 28 is limited by the forward conduction voltage 
drop of the diodes 34 in series. By suitably choosing the 
number and types of these diodes 34, the voltage applied 
thereby between the negative side of the battery and the 
base of the driving transistor 24 may be predetermined. 
The driving transistor 24, which acts as a current ampli 
íier, becomes conductive and current flows through the 
resistors 22 and 26. Due to the connection of the emitter 
of the driving transistor 24 and the base of the switching 
transistor 12, a voltage which is positive with respect to 
the emitter of the switching transistor 12 appears on the 
base thereof. The diodes 34, due to the described circuit, 
'are effectively connected from the base of the transistor 
12 to the terminal 10. The switching transistor 12 immedi 
ately Ábecomes fully conductive or saturated and current 
builds up in the primary winding of the coil 18 and in 
the resistor 14 during a period of time depending on 
the time constant of the circuit including the primary 
winding of the ignition coil 18. As the current builds up 
in the emitter resistor 14, the voltage drop across this re 
sistor builds up at the same rate. This voltage is in a di 
rection to reduce the positive voltage on the base of the 
`switching transistor 12 with respect to its emitter. This 
voltage builds up to the point where the voltage between 
the base and emitter of the switching transistor 12 is at 
some value such that the switching transistor 12 operates 
below saturation thereof and at a safe operational value. 
The switching transistor current is limited to the safe oper 
ational value by the voltage developed in its emitter to 
base circuit. As pointed out above, the switchingr transistor 
operates in saturation during the early part of the current 
build-up period of the ignition coil. Therefore, current 
builds up to this limited value as fast as the time constant 
of the ignition coil primary winding circuit permits. The 
resistance value of the emitter resistor 14 is so chosen 
that the voltage between the emitter and the base of the 
transistor 12 is equal to about the threshold voltage of the 
base emitter path of the transistor at the maximum de 
sired current through the transistor 12. The resistor 14 
which, in one particular embodiment of this invention, 
has a value of one-tenth to two-tenths of an ohm does not 
act as a ballast resistor since the voltage drop thereacross 
at maximum current flow may be only 1 to 2 volts. The 
current through the switching transistor 12 is limited by 
the operation of the circuit described to nearly the same 
value for widely varying supply voltages (from about 
three and a half volts to about 14 volts) and for widely 
varying periods of ignition point closure, whereby no 
current limiting resistance need be built into the ignition 
coil and no ballast resistor or any switch for disconnect 
ing a ballast resistor from the ignition system is necessary, 
and yet this described circuit provi-des quick build-up of 
current ñow to a maximum value which provides a hot 
ignition spark when the ignition coil circuit is broken. 
Therefore, the described ignition circuit causes operatori 
in an improved manner of engines of which it is a part, 
during starting, stall, idling, and high speed operation 
thereof, and independently of available battery voltage, 
within a wide range, as compared to engines having 
known ignition systems. 
The Zener diode 20 across the collector and emitter of 

the switching transistor 12 protects the transistor 12 from 
the high voltage kick back induced in the primary winding 
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4 
of the ignition coil 18 during operation of the above dc 
scribed circuit by providing a shunt between the emitter 
and collector for kick back voltages. 
FIG. 2 shows a circuit of an embodiment of this inven 

tion in which additional current limiting is provided and 
in which the negative terminal of the supply source (not 
shown) and one of the ignition points may be grounded. 
In this ñgure, the positive terminal 36 of the supply source 
is connected to the collector of an NPN switching transis 
tor 38 through the primary winding of an ignition coil 40. 
A capacitor 42 may be connected across this primary 
Winding for a purpose to be disclosed. One terminal of 
the secondary winding of the ignition coil 40 is connected 
to the positive terminal 36, and the other terminal of the 
secondary winding may go to the distributor (not shown) 
of a multi-cylinder internal combustion engine. The 
emitter of the switching transistor 38 is connected to the 
other terminal 44 of the source, which other terminal may 
be connected to ground, through a small emitter resis 
tor 46, A pair of diodes 48 in series, shunted by a resistor 
50, are connected between the base of the switching 
transistor 38 and the terminal 44. The diodes 48 are poled 
so that the low resistance direction of current -flow there 
through is from the base of the transistor 38 to the ter 
minal 44. T‘he emitter of a PNP driving transistor 52 is 
connected to the positive terminal 36 through a small 
emitter resistor 54. The collector of the driving transis 
tor 52 is connected to the terminal 44 through the resistor 
50. A diode 56 and a resistor 58 in parallel are connected 
between the positive terminal 36 and the base of the 
driving transistor 52. The diode 56 is poled so that its 
low resistance direction of current ñow is from the ter 
minal 36 to the base of the driving transistor 52. The 
base of the driving transistor 52 is also connected to the 
terminal 44 through a resistor 60 and a switch 62 which 
rrepresents the engine ignition points. These points 62, 
as noted above, are normally closed and are opened 
momentarily by a cam (not shown) to produce an igni 
tion spark. 
The operation of FIG. 2 is as follows: When the igni 

tion points 62 are opened, the emitter and base of the 
driving transistor 52 are at zero potential with respect 
to each other, whereby the driving transistor 52 is non 
conductive and no current ñows through the resistors 50 
and 54. The base and the emitter of the switching transis 
tor 38 are also at zero potential with respect to each other 
and no current ñows through the switching transistor 38 , 
0r through the primary winding of the ignition coil 40, 
which is in series therewith. When the ignition points 62 
are closed, current 4flows through the resistors 58 and 60 
in series and the voltage on the base of the driving transis 
tor 52 becomes negative with respect to the voltage on 
its emitter. The driving transistor 52 conducts and cur 
rent flows from the positive terminal 36 through the resis 
tor 54, through the emitter to collector path of the driv 
ing transistor 52 and through the resistor 50 to the ter 
minal 44. The voltage drop between the emitter and base 
of the driving transistor 52 is limited to the voltage drop 
of the diode 56 in its forward direction, less the voltage 
drop developed `across the small emitter resistor 54. 'I‘he 
effect of the voltage across the diode 56 and resistor 54 
is to limit the current through the driving transistor 52 
to a value less than that at saturation thereof. The voltage 
across the resistor 50 is applied across the diodes 48 in 
the forward direction, and also between the base and 
emitter of the switching transistor 38 in series with the 
emitter resistor 46 in a direction to render the transistor 
38 conductive. The voltage developed across the resistor 
50 is limited to the drop across the diodes 48 in series 
in their forward direction, and the voltage applied be 
tween the emitter and the base of the transistor 38 is the 
voltage developed across the diodes 48 in series less the 
voltage developed across the resistor 46 which may have 
a resistance of 0.1 to 0.2 ohm. When no current is ñowing 
in the resistor 46, this voltage is suñîcient to drive the 
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switching transistor 38 into saturation. Current builds up 
in the collector-to-emitter path of the switching transis 
tor 38 and in the primary winding of the ignition coil 40 
at a rate determined by the time constant of the ignition 
coil circuit. The voltage across the resistor 46, which 
builds up at the same rate, opposes the Voltage across 
the diodes 48 in series, thereby limiting the current 
through the switching transistor 38 to a value less than 
the saturation value. The limited current flow through 
the collector of the transistor 52 provides a substantially 
constant current in the parallel circuit comprising the 
resistor 50 and the diodes 48. The Voltage drop across 
the diodes 48 is more nearly constant than if the current 
therethrough were not so limited by operation of the cir 
cuit of the transistor 52. Since the voltage across the 
diodes 48 is stabilized, the maximum current ñow through 
the transistor 38, which depends on the dilîerence of 
voltage developed across resistor 46 and the diodes 48 
in series is more nearly independent of the voltage of 
the source than if the transistor 52 had no current limit 
ing function. The result is that the current through the 
primary of the coil 40 rises very quickly to a safe and 
suflicient operating value for high speed operation, and 
the current is limited to a safe operative value for a wide 
range of supply voltages and periods of closure of the 
points ranging from stall to high speed operation. A con 
denser 42 may be provided across the coil 40 to limit 
the voltage developed across the transistor 38 by the 
inductive kick back when the points 62 are opened by 
the engine cam. By choice of the number and types of 
diodes 56 and 48 and the size of the resistors 54 and 46, 
the limited Value of the current which ñows through the 
ignition coil 40 may be selected to provide a desired 
maximum current through the transistor thereby to pro 
duce a good ignition spark .at all conditions of engine 
operation. The diodes 56 and 48 provide a temperature 
compensating elfect for their associated transistors in 
a known manner. Therefore, if silicon transistors are used, 
it is preferable to use silicon diodes, since the temperature 
resistance characteristics of the silicon diodes 48 `and of 
the silicon transistor 38 are similar. 

In the embodiment of FIG. 3, an ignition circuit is 
shown that requires no driving transistor. The »positive 
terminal 36 of a source (not shown) is connected through 
the primary winding of an ignition coil 40 and through 
the collector to emitter path of an NPN switching tran 
sistor 38 and through a small emitter resistor 46 to the 
other terminal 44. One terminal of the secondary wind 
ing of the ignition coil 40 is connected to this positive 
termin-al 36 and the other terminal of the secondary 
winding is connected to the distributor (not shown). The 
positive terminal 36 is also connected through the igni 
tion points 66 and a resistor 64 and two diodes 48 in 
series to the other terminal 44. The two diodes 48 are 
connected in their forward direction between the base 
of transistor 38 and the other terminal 44. The base 
of the transistor 38 is connected to a point between the 
diodes 48 and the resistor 64. ~ 

Operation of the circuit of FIG. 3 is like that of the 
circuit of FIG. 2 described hereinabove. When the points 
66 are opened, the Voltage on the emitter and the base 
of the transistor 38 is practically the same whereby the 
transistor is substantially non-conductive. Upon closing 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

the points 66, a voltage is applied to the base of the ~ 
transistor 38 that is positive with respect to its emitter, 
causing the transistor 38 to become saturated. This volt 
age on the base with respect to the emitter is limited by 
the voltage drop of the diodes 48 in their forward direc 
tion and is equal to the drop across these diodes 48 less 
the voltage drop across the resistor 46. The current 
'through the circuit including the coil primary winding 
and the transistor 38 rises at a rate determined by the 
time constant of the circuit including the coil primary 
winding, -and the voltage across the'resistor 46 rises at 
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the same rate. The transistor 38 operates at saturation 
for the Alirst part of the period of conductivity thereof. 
The current continues to rise in value to its maximum. 
The maximum current through the transistor 38 is lim 
ited by the voltage applied between the emitter and 'base 
thereof. This voltage is less than the ñxed drop across 
the series diodes 48 by the voltage drop across the re 
sistor 46. When the points 66 are closed, the current 
through the coil 40 rises quickly to a maximum value 
which is determined by the voltage between the emitter 
and the base of the transistor 38. Thus the ignition sys 
tern produces a hot spark and requires no ballast re 
sistance, -and yet operates in an improved manner in a 
Wide range of speeds. The transistor 38 in FIG. 3 may 
be such that kick back protection therefor is not neces 
sary. 

In each of FIGS. 2 and 3 the resistance Value of the 
emitter resistors 46 and 54 are so chosen that the voltage 
across each emitter resistor at m-aximum desired cur 
rent through th-e transistor to which it is connected, plus 
the threshold voltage of the base-emitter path of said 
transistor, is equal to the forward threshold voltage of 
the diode, or diodes in series, connected to the base of 
said transistor. ' 

While three ignition circuits according to the present 
invention have been shown and described, it will un 
doubtedly be `apparent to those skilled in the art that 
variations thereof are possible within the spirit of this 
invention. For example, by reversing the voltages and 
the connections of the diodes, PNP transistors may be 
_substituted for the NPN transistors in the several figures 
and an NPN may be substituted for the PNP transistor 
shown in FIG. 2. Other changes will, no doubt, also sug 
gest themselves readily. Hence, it should be understood 
that the foregoing description is to be considered as il 
lustrative and not in a limiting sense. 
What is claimed is: 
1. A transistor circuit comprising ' 
(a) a pair of terminals for connection to a source of 

potential, 
(b) a switching transistor having an emitter and a 

collector, 
(c) an inductive load connected between one of said 

terminals and said collector, 
(d) an emitter resistor connected between said emitter 
and the other of said terminals, 

(e) means to render said transistor alternately non 
conductive and conductive, and 

(f) means including said emitter resistor to cause said 
transistor to conduct in a saturated manner during 
the early part of 'current build up through the tran 
sistor and tolimit the maximum current ñow there 
through to -a predetermined operating value. 

2. A transistor circuit comprising 
(a) a pair of terminals for connection to a source of 

potential, 
(b) a switching transistor having an emitter, a collec 

tor and a base electrode, 
(c) an inductive load connected between one of said 

terminals and said collector, 
(d) an emitter resistor connected between said emitter 
and the other of said terminals, 

(e) at least one diode connected between said base and 
said emitter through said emitter resistor, said diode 
being poled in the current conductive direction from 
said terminal connected to said collector through the 
internal collector-to-base path of said transistor to 
the other terminal of said source, and 

(f) means to render said transistor alternately con 
ductive and non-conductive, said diode and said 
emitter resistor acting to cause conduction saturation 
of said switching transistor during the early part of 
current buildup therethrough when conductive, and 
to limit the maximum current flow therethrough to 
a predetermined operating value. 
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3. A tra'nsistorized ignition system comprising 
(a) an ignition coil having primary and secondary 

windings, 
(b) a pair of terminals for connection to a source of 

potential, 
(c) a switching transistor having an emitter and a 

collector, 
(d) an inductive load comprising said primary wind 

ing connected between one of said terminals and 
said collector, 

(e) an emitter resistor connected between said emitter 
and the other of said terminals, 

(Í) a pair of openable and closeable ignition points, 
(g) means responsive to the opening and closing of 

said points to render said transistor respectively 
non-conductive and conductive, and 

(h) means including said emitter resistor to cause said 
transistor to conduct in a saturated manner during 
the early part of current build up therethrough when 
said points are closed and to limit the maximum 
current ñow therethrough to a predetermined operat 
ing value. 

4. A transistorized ignition system comprising 
(a) an ignition coil having primary and secondary 

windings, 
(b) a pair of terminals for connection to a source of 

potential, 
(c) a switching transistor having an emitter and a col 

lector, 
(d) a small emitter resistor connected between one of 

said terminals and said emitter, 
(e) said primary winding of said coil being connected 
between said collector and the other of said terminals, 

(f) a second transistor having main electrodes and a 
control electrode, said main electrodes being con 
nected between said terminals, 

(g) means including a pair of openable and closable 
ignition points to render said second transistor non 
conductive and conductive respectively in response to 
opening and closing of said points, 

(h) voltage limiting means connected between one of 
said main electrodes and said control electrode of 
said second transistor, and 

(i) means responsive to the flow of current in said sec 
ond transistor to cause said switching transistor to 
conduct, said voltage limiting means and said emitter 
resistor acting to permit conduction of said switch 
ing transistor in a saturated manner during the early 
part of current build-up therethrough and to limit 
the maximum current therethrough to a predeter 
mined operating value. 

5. A transistorized ignition system comprising 
(a) an ignition coil having primary and secondary 

windings, 
(b) a pair of terminals for connection to a potential 

source, 
(c) a switching transistor having an emitter, a -col 

lector, and a base electrode, 
(d) said primary winding being connected between said 

collector of said transistor and one of said terminals, 
(e) an emitter resistor connected between said emitter 
and the other of said terminals, 

(f) voltage limiting means effectively connected be 
tween said base of said switching transistor and said 
other terminal7 

(g) a pair of openable and closable ignition points 
connected in a circuit between said terminals, and 

(h) means responsive to opening and closing of said 
points for rendering said switching transistor, alter 
nately non-conductive and conductive, said voltage 
limiting means and said resistor acting to permit con 
duction of said switching transistor in a saturated 
manner during the early part of current build-up 
therethrough and to limit the maximum current there 
through to a _predetermined operating value. 
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6. A transistorized ignition system comprising 
(a) a pair of terminals for connection to a source of 

potential, 
(b) a switching transistor having an emitter, a col 

lector and a base electrode, 
(c) an ignition coil having primary and secondary 

windings, said primary winding being connected be 
tween one of said terminals and said collector, 

(d) an emitter resistor connected between said emitter 
and the other of said terminals, 

(e) at least one diode connected between said base and 
said emitter through said emitter resistor, said diode 
-being poled in current conductive direction from said 
terminal connected to said collector through the in 
ternal collector-to-base path of said transistor to the 
other of said terminals, 

(f) a pair of openable and closable ignition points, and 
(g) means responsive to the closing of said ignition 

points to apply a current to the base of said tran 
sistor to render it conductive, said diode and said 
emitter resistor acting to permit conduction of said 
switching transistor in a saturated manner during the 
early part of current build-up therethrough, and to 
limit the maximum current flow therethrough to a 
predetermined operating value. 

7. A transistorized ignition system comprising 
(a) a pair of terminals for connection to a source of 

potential, 
(b) a switching transistor having an emitter, a col 

lector, and a base electrode7 
(c) an ignition coil having primary and secondary 

windings, said primary winding being connected be 
tween one of said terminals and said collector, 

(d) a first emitter resistor connected between said 
emitter and the other of said terminals, 

(e) at least one diode connected between said base and 
said emitter through said first emitter resistor, said 
diode being poled in current conduction direction 
from said terminal connected to said collector 
through the internal collector-to-base path of said 
transistor to the other of said terminals, 

(f) a second transistor having an emitter, a collector 
and a base, 

(g) a second emitter resistor and a collector resistor, 
(h) said second transistor emitter being connected to 

said one terminal of said source through said second 
emitter resistor, 

(i) said second transistor collector being connected to 
said other terminal of said source through said col 
lector resistor and said diode in parallel, 

(j) an additional diode connected between said one 
terminal of said source and the base of said second 
transistor and poled in its current conductive direc 
tion, with respect to said source, 

(k) a pair of openable and closable ignition points, and 
(l) means responsive to the closing of said ignition 

points to apply a current to the base of said second 
transistor to'cause it to conduct, said second diode 
`and said second emitter resistor acting to cause 
limite-d current ñow through said collector resistor, 
said limited current flow causing said switching tran- ' 
sistor to conduct, said iirst diode and said ñrst emitter 
resistor acting to cause said switching transistor to 
begin to conduct in a saturated manner and to limit 
the maximum current ñow through said switching 
transistor to a predetermined maximum value. 

8. A transistorized ignition system comprising 
(a) a circuit having 

(1) a pair of terminals for connection to a current 
Supply, 

(2) an ignition coil including a primary winding, 
(3) a switching transistor having an emitter-to 

collector path, and 
(4) a small emitter resistor, 

said emitter-to-collector path, said primary 
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-winding and said resistor being connected 
in series between said pair of terminals, 
and said emitter being connected to one 
terminal of said emitter resistor, 

(b) openable and closable ignition points, 
(c) circuit means including said points for rendering 

said switching transistor alternately non-conducting 
and conducting at saturation in response to opening 
and closing of said points, respectively, and 

(d) means including said emitter resistor for limiting 
the maximum current flow through said transistor to 
less than the saturation value thereof. 

9. A transistorized ignition system comprising 
(a) a circuit having 

(l) a pair of terminals for connection to a current 
Supply, 

(2) an ignition coil including a primary winding, 
(3) a switching transistor having an emitter-to 

collector path, and 
(4) a small emitter resistor; 

said emitter-to-collector path, said primary 
winding and said emitter resistor being con 
nected in series between said pair of ter 
minals, and said emitter being connected to 
one terminal of said emitter resistor, 

(b) openable and closable ignition points, 
(c) circuit means including said points for rendering 

said switching transistor alternately non-conductive 
and conductive at saturation in response to opening 
and closing of said points, and 

(d) at least one diode effectively connected in its for 
ward conductive polarity from the base to the emit 
ter of said transistor through said emitter resistor, 
said diode and said emitter resistor acting to limit 
the maximum current through said transistor to a 
value less than the saturation value thereof. 

10. A transistorized ignition system comprising 
(a) a pair of terminals for connection to a current 

source, 
(b) a switching transistor having an emitter, a col 

lector, and a base electrode, 
(c) a iirst emitter resistor connected between a ñrst 
one of said terminals and said emitter, 

(d) an ignition transformer having a primary winding 
connected between said collector and the other of 
said terminals, 

(e) at least one diode connected between said base and 
said first terminal poled for current conduction from 
said source, 

(f) at least one other resistor, 
(g) a pair of ignition points, 
(h) one of said points being connected to said íirst 

terminal, ' 

(i) the other of said points being connected to said 
other terminal through said other resistor, 

(j) an additional diode connected across said other 
resistor, 

(k) a driving transistor having an emitter, a collector, 
and a base, 

(l) a second emitter resistor connected between a- ter 
minal of other resistor and the emitter of said driv 
ing transistor, A 

(m) the base of said driving transistor being connected 
to the other terminal of said other resistor, 

(n) said additional diode being poled for current con 
duction therethrough from said source, 
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10 
(o) a connection between said collector of said driving 

transistor and said base of said switching transistor, 
and 

(p) a further resistor connected across Said first named 
diode. 

11. A transistorized ignition system comprising 
(a) a pair of terminals for connection to a current 
source, 

(b) a switching transistor having an emitter, collector, 
and a base, 

(c) an emitter resistor connected between a first one 
of said terminals and said emitter, 

(d) an ignition transformer having a primary winding 
connected between said collector and the other ter 
minal of said source, 

(e) a resistor connected between said base and said 
first terminal, 

(f) a driving transistor having main electrodes and a 
control electrode, 

(g) a connection from one of said main electrodes to 
the base of said switching transistor, 

(h) a resistive connection from the other of said main 
electrodes to said other terminal of said source, 

(i) a resistor connected from said ñrst terminal to 
said control electrode, 

(j) at least one diode connected across said last named 
resistor, said diode being poled for current conduc 
tion from said source, and 

(k) a pair of ignition points, 
(l) one of said points being connected to said other 

source terminal and the other of said points being 
connected to said control electrode. 

12. A transistorized ignition system comprising 
(a) a pair of terminals for connection to a source of 

current, 
(b) a switching transistor having an emitter, a col 

lector and a base, 
(c) an ignition coil having a primary winding con 

nected between said collector and one of said ter 
minals, 

(d) a small emitter resistor, 
(e) said emitter being connected through said small 

emitter resistor to the other terminal of said source, 
(f) a pair of ignition points, 
(g) an additional resistor connected through said pair 

of ignition points to said one terminal, 
(h) at least one diode, 
(i) said last named resistor being connected through 

said diode to the other terminal of said source, and 
(j) -a connection between the junction of said last 

named resistor and said diode to said base, said diode 
being poled for current conduction between said ter 
minals with respect to said source. 
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