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3,299,876 
IGNITION SYSTEM 

Laurence F. Mieras, Livonia, Mich., assignor to Ford 
Motor Company, Dearborn, Mich., a corporation of 
Delaware 

Filed Aug. 3, 1964, Ser. No. 387,003 
6 Claims. (C. 123-148) 

This invention relates to a transistorized ignition sys 
tem for an internal combustion engine and more particul 
larly to such a transistorized ignition system which is con 
trolled in timed synchronism with the operation of the 
engine by means of an electromechanical generator that 
produces an alternating current output. 

In this system, a transistor is connected to control the 
flow of electrical energy from the battery or source of 
electrical energy of the vehicle through the primary wind 
ing of the ignition coil of the system. This transistor is 
normally biased by means of a biasing circuit into a steady 
state nonconducting state during normal running opera 
tions. The output of an electromechanical generator is 
applied to the biasing circuit for turning this transistor 
on during the dwell period of the ignition system thereby 
providing current flow through the primary winding of the 
ignition coil. The transistor is then turned off through 
the biasing circuit when the voltage generated by the elec 
tromechanical generator falls to a certain predetermined 
value determined by the bias placed on the biasing cir 
cuit. At this time, the transistor will turn of interrupt 
ing current flow through the primary winding of the igni 
tion coil to provide high ignition voltages at the secondary 
winding of the ignition coil. 

It can be appreciated that during cranking operations, 
the electromechanical generator will have a low voltage 
output. The voltage wave form is in the form of a modi 
fied sine wave so that the slope of the voltage wave form 
as it crosses the Zero axis has a substantial negative value. 
If the ignition system is properly timed for running or 
high speed operation when high voltages are generated 
by the electromechanical generator during cranking or 
starting operations where low voltages are generated, the 
particular value of voltage at which the transistor turns 
off will be shifted toward the zero time axis since the slope 
of the voltage wave form decreases negatively as the volt 
age output from the electromechanical generator de 
creases. This will cause an advance in the firing of the 
spark plugs of the internal combustion engine over that 
experienced during normal running operations. 
could cause some difficulty during starting when it is neces 
sary that the spark not be advanced to any great extent 
in order to properly start the engine. 

In order to obviate this difficulty, the present invention 
provides a means for rebiasing the transistor so that it is 
normally conducting during starting operations, or stated 
differently, it is biased to a steady state conducting state 
during starting operations. In the preferred embodiment 
of the invention, rebiasing of the circuit provides a sys 
tem in which the transistor will be turned off when the 
wave form or the voltage output from the output winding 
of the electromechanical generator goes negative by a 
Small amount with respect to the Zero voltage axis of the 
wave form. Thus, when the wave form or the voltage 
output decreases in value and the slope of the voltage wave 
form where it crosses the zero axis decreases negatively, 
the point at which the transistor will turn off will be shifted 
away from the zero time axis thus retarding the firing of 
the spark plugs over that normally prevailing during 
standard running operations. This permits easy starting 
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of the internal combustion engine with the transistorized 
ignition system of the invention. 
An object of the invention is the provision of a tran 

sistorized ignition system for an internal combustion en 
gine in which a transistor that normally is in a noncon 
ducting state during normal operating conditions is re 
biased to a conducting state during starting operations. 
Another object of the invention is the provision of a 

transistorized ignition system employing an electrome 
chanical generator for controlling the operation of the 
System in which the firing of the spark plugs will be re 
tarded during starting operations over that which prevails 
during normal running operations. 
A further object of the invention is the provision of a 

transistorized ignition system for an internal combus 
tion engine that employs an electromechanical generator 
for control of the system that will be efficient during both 
starting and running operations. 

Other objects and attendant advantages of the present 
invention may be more readily realized when the speci 
fication is considered in connection with the attached 
drawings, in which: 
FIGURE 1 is a circuit diagram of the invention; 
FIGURE 2 is a longitudinal cross sectional view of an 

electromechanical generator employed with the present 
invention; 
FIGURE 3 is a top plan view of the electromechanical 

generator of FIGURE 2 with the cover removed and 
with portions thereof in section; 
FIGURE 4 is a bottom plan view of the electrome 

chanical generator of FIGURE 2; 
FIGURE 5 is a curve showing the voltage output of 

the electromechanical generator of the invention during 
both running and starting conditions including the points 
of firing of the spark plugs, and 
FIGURE 6 is a view similar to FIGURE 5, but show 

ing the curve that exists in the firing of the spark plugs 
as the circuit operates during starting operations. 

Referring now to the drawings in which like reference 
numerals designate like parts throughout the several views 
thereof, there is shown in FIGURE 1 the transistorized 
ignition system of the invention that includes an ignition 
coil 10 having a secondary winding 11. The secondary 
winding 11 is sequentially connected to spark plugs 12 
through a distributor 13. The distributor 3 includes a 
rotating arm 14 for sequentially connecting the spark 
plugs 12 to the secondary winding 1 in synchronism 
with the operation of the engine in which the ignition sys 
tem is mounted. 
The primary winding 15 of the ignition coil 0 is 

energized from the source of electrical energy or storage 
battery 16 under the control of a transistor 17 that is con 
nected in series with the primary winding 15 and the source 
of electrical energy 16. This is accomplished by connect 
ing the positive terminal 21 of the source of electrical en 
ergy 16 to the emitter 22 of transistor 17 by means of lead 
23, lead 24, movable arm 25 of ignition switch 26, contact 
27 of this switch, lead 28, ballast resistor 29, lead 30, 
resistor 3 and lead 32. The collector 33 of the transistor 
7 is connected to the primary winding 15 of ignition coil 
10 through lead 34, winding 35 of a bistable electromag 
netic switch 36, lead 37, lead 38 and resistor 41. 
The control of transistor 17 is accomplished by means 

of a biasing circuit means 42 that includes a second tran 
sistor 43 having an emitter 44 connected to the base 45 
of transistor 17 through diode 46. The collector 47 of 
transistor 43 is connected to ground through winding 48 
of bistable electromagnetic switch 36 and a base current 
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limiting resistor 49. The emitter 22 and the base 45 of 
transistor 7 are interconnected through output winding 
50 of bistable electromagnetic switch 36 and a resistor 51. 
The base 52 of transistor 43 is connected to collector 

53 of transistor 54 by means of lead 55. The lead 55 
and the collector 53 of transistor 54 are connected to 
ground through a resistor 56. The emitter 57 of transistor 
54 is connected to lead 32 through resistor 58. 
The base 60 of transistor 54 is connected through lead 

61 to one terminal 62 of the output winding 63 of an elec 
?tromechanical generator 64. The other terminal 65 of 
the output winding 63 is connected to a junction 66 be 
tween resistor 67 and the cathode 68 of diode 69. The 
anode 71 of the diode 69 is connected to junction 72 and 
this junction in turn is connected to one terminal of resis 
tor 73. The other terminal of the resistor 73 is connected 
to lead 30. A resistor 74 has one terminal connected to 
junction 72 and the other terminal connected to junction 
75, while a resistor 76 has one terminal connected to 
junction 75 through lead 77 and the other terminal con 
nected to the base 60 of transistor 54 by means of junction 
78. The junction 78 is connected to lead 38 through a 
eedback resistor 81 and lead 82. 
The ignition switch 26, in addition to having the mov 

able arm 25, has a second movable arm 86 that moves in 
unison with the arm 25 and is connected to the positive 
terminal 2 of the source of electrical energy 16 through 
the lead 87 and the leads 24 and 23. As shown in the 
drawing, both movable arms 25 and 86 are in contact with 
off terminals 91 and 91 respectively. The ignition switch 
26 is also provided with start terminals 92 and 92. 
The start terminal 92' is connected to relay winding 

93 of starting relay 94 through lead 95. The starting re 
lay 94 has a movable armature 96 normally biased to the 
Open position but which will move into engagement with 
contacts 97 and 98 when relay winding 93 is energized. 
The contact 97 is directly connected to the positive ter 
minal 21 of source of electrical energy 16 through lead 
101 and lead 23. The other contact 98 of the starting 
relay 94 is connected to one terminal of starting motor 102 
through a lead 103. The other terminal of the starting 
motor 102 is connected to ground through a lead 104. 
A cold start relay 106 is provided that has a set of nor 

mally closed contacts 107 connected to armature 96 of 
the starting relay 94 and to lead 30. The winding 103 of 
the cold start relay 106 is connected to contact 98 of the 
starting relay 94 through lead 109. The other terminal 
of the winding 108 is connected to ground through a re 
sistor 110. During cold weather starting operations, the 
terminal voltage of battery 16 will be low and thus when 
the starter relay 94 is energized during Starting opera 
tions, the current flow through the Winding 108 will be 
insufficient to open contacts 107. Ballast resistor 29 will, 
therefore, be shorted out of the series circuit that includes 
Source of electrical energy 16, transistor 17 and primary 
Winding 15 of coil 10. On the other hand, during starting 
Operations at high temperatures, the terminal Voltage of 
battery 16 will be sufficiently high that the current flow 
through winding 108 will be sufficient to open contacts (7. 
This keeps the ballast resistor in the circuit during high 
temperature starting to effectively limit the current through 
the transistor 17. 
The junction 75 of the biasing circuit 42 is connected 

to the contact 98 of the starter relay 94 through a lead 
111 thereby grounding the junction point 75 during nor 
mal running operations through the starter motor 102, by 
means of lead 11, contact 98 and lead 103. 
The electromechanical generator 64 is shown in detail 

in FIGURES 2, 3 and 4. It includes a suitable housing 
112 that is mounted in an internal combustion engine. 
The housing 112 may be a conventional distributor hous 
ing and may be mounted in the engine by any suitable 
means. A shaft 113 is rotatably mounted within the 
housing 12, and it has affixed thereto a rotor 114. The 
rotor 114 has a depending shaped flange 115 that extends 
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4. 
between an upstanding flange 116 on upper plate 117, 
and upstanding spaced teeth 118 on a lower plate 121. 
The upper plate and the lower plate 117 and 12 respec 
tively, form part of the stator structure 123 of the electro 
mechanical generator 64. 
The stator structure 23 also includes an annular per 

manent magnet 124 positioned between the upper and 
lower plates 117 and E2, and a magnetic gate element 
125 positioned between these two plate members. The 
winding 63 of the electromechanical generator 64 is posi 
tioned radially outwardly of the permanent magnet 24 
and the magnetic gate element 25, and is enclosed within 
a plastic bobbin 126. 
As the rotor or armature 14 is rotated, the reluctance 

of the magnetic paths between the upstanding teeth 118 
and the upstanding fange 16 is varied in accordance 
with the shaping of the depending flange 5 of rotor 
114, and this changes the amount of flux linked by the 
winding or coil 63. When the reluctance of the path be 
tween the teeth 118 and the upstanding flange 16 is at 
a maximum, as it is when the narrowest parts of flange 
F15 of rotor 114 are opposite teeth 118 of lower plate 
12A, most of the flux is shunted through the magnetic 
gate element 25. When the widest portions of the flange 
55 of rotor 4 come into line with the teeth 18 on the 
lower flange 12, the reluctance between the teeth 18 
and the flange E6 is substantially reduced. This changes 
the reluctance of the flux path, and an output voltage is 
generated in the winding or coil 63. 
The depending flange 15 of the rotor 114 is shaped, 

as shown in FIGURE 3, and as the rotor 14 is rotated 
by the operation of the internal combustion engine, the 
Voltage wave forms shown in FIGURES 5 and 6 will be 
produced. It can be appreciated that the rotor 14 may 
be rotated through the shaft 113 by having the gear 131 
attached to shaft 113 engage a suitable rotating gear 
driven by the internal combustion engine, as done in 
conventional distributor systems. 
As can best be seen by reference to FIGURE 3, stand 

ard Vacuum advance means 132 may be employed to con 
trol the advance and retard of the ignition timing in ac 
cordance with engine load by connecting the arm 134 of 
the vacuum advance means to the lower plate 121 of the 
Stator i23 through a pin 135 on the arm. This will cause 
the whole stator structure 123 to rotate about bearing 36 
positioned in the housing 12. 
A centrifugal advance means 141 of standard type may 

also be employed to advance or retard the ignition timing 
in accordance with engine speed. This comprises the 
Standard centrifugal weights 42 and 143 that are mounted 
on plate 144 driven by the shaft 113. These weights fit 
into cam slots 45 and 146 in the rotor 114 and the rotor 
is biased to its normal position with respect to the arma 
ture shaft by means of springs 147 and 148. As the speed 
of the shaft i3, the plate 44 and the rotor 14 increases, 
the centrifugal weights 42 and 43 move the rotor 14 
relative to the shaft 13 to thereby modify the ignition 
timing in accordance with the speed of the engine. 
The shaft 113 receives a standard distributor rotor 

cap represented by the rotating arm 4 and the housing 
12 receives a distributor cap that may be affixed to the 

housing by fastening means 150. 
It can be seen by reference to FIGURE 4 that the coil 

64 has output leads 5 and 152 that may be connected to 
the terminals 62 and 65 as described in relation to FIG 
URE. . 
The electromechanical generator 64 shown in FIG 

URES2 through 4 was invented by Mr. Frank Skay and is 
shown and described more fully in a copending applica 
tion Serial No. 403,264, filed October 12, 1964, in the 
name of Mr. Skay. No claim to the structure of this 
electromechanical generator is asserted in this application. 

Referring back to FIGURE 1, there is shown a zener 
diode 153 connected across the transistor 17 as a protective 
device. The capacitor 154 connected between lead 38 and 
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ground is also a protective device to prevent the instantane 
ous wattage appearing across the transistor 17 from rising 
to undesirable levels. A capacitor 155 is connected be 
tween the lead 30 and ground to absorb high frequency 
transients that might come through the system to inadver 
tently trigger the transistorized ignition system. 

Typical values that may be employed in the transistor 
ized ignition system are given as follows by way of ex 
ample only: 
Resistor 73 -------------------------ohms.-- 15 
Resistor 74---------------------------- do-- 330 
Resistor 67 ---------------------------- do-- 5,600 
Resistor 81 ---------------------------- do. 12,000 
Resistor 76 ---------------------------- do. 8,000 
Resistor 56 ---------------------------- do-- 150 
Resistor 31 ---------------------------- do-- .015 
Resistor 58 ---------------------------- do- 15 
Diode 69, milliwatts at 1 to 2 milliamps --- 1N91-150 
Transistor 54 ------------------------ RCA2N2953 
Transistor 43 ------------------------- RCA2N301 

The remaining components are given in my copending ap 
plication Serial No. 170,055. This includes the transistor 
17 and the values of the windings and other components 
that form the bistable electromagnetic switch 36. 

In normal operation, when the internal combustion en 
gine is running, the movable arms 25 and 86 of the ignition 
switch 26 are in engagement with the ignition contacts 27 
and 27 of ignition switch 26 respectively. This connects 
the source of electrical energy 16 in series with the emitter 
22 and collector 33 of transistor 17 and the primary wind 
ing 15 of ignition coil 10. At this time, and if it is assumed 
that the output winding 63 is not producing any output 
voltage, the transistor 54 is biased to a steady state con- . 
ducting state. This is done by the connection of the 
emitter 57 of transistor 54 to the positive terminal 21 of 
the source of electrical energy 16 through the resistor 58, 
lead 32 and the circuit previously described. 
The base 60 of this transistor is connected to ground 

or the negative terminal of the source of electrical energy 
16 through resistor 76, lead 77, lead 111, contact 98 of 
starting relay 94, lead 103, the armature of the starting 
motor 102 and lead 104. The resistor 76 together with 
the resistor 8 may be thought of as a voltage divider with 
the base 60 of the transistor 54 connected to the junction 
of the voltage divider. As pointed out above the base 
60 is connected to ground and hence the negative terminal 
of the source of electrical energy 6 through the resistor 
76 of this voltage divider. It can be appreciated also that 
the base 60 is connected to the negative terminal of the 
source of electrical energy, or battery 16, through output 
winding 63 of the electromechanical generator 64 and the 
resistor 67 of the voltage divider comprised of resistor 67, 
diode 69 and the resistor 73. This provides the proper 
negative bias on the base 60 with respect to the emitter 
57 to bias the transistor 54 into its conducting state. The 
current flow through the base circuit of this transistor, in 
cluding the resistor 76 and the circuit previously described, 
will provide approximately a 0.4 volt negative voltage bias 
on the base 60 with respect to emitter 57. 
With transistor 54 conducting, the transistor 43 will 

be in a nonconducting state, since the voltage drop across 
the transistor 54 is so small that the base current of transis 
tor 43, flowing out of base 52, is zero. It can be ap 
preciated that when transistor 43 is in a nonconducting 
state, transistor 17 will also be in a nonconducting state 
since no current can flow out of the base 45 of transis 
to 17. 

In order to turn transistor 54 off and to turn transistors 
43 and 17 on, it is necessary to overcome the negative 
bias on the base 60 of transistor 54, and this is done 
by means of the output voltage from the output winding 
63 of the electromechanical generator 64. The output 
voltage wave form 161 appearing at the terminal 62 that 
is connected to the base 60 through lead 61 is shown in 
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FIGURE 5. The reference or zero voltage line of this 
figure is the voltage at the junction 78 and hence the volt 
age at the base 60 of transistor 54 when the generator 64 
is not producing any output voltage. It is negative with 
respect to the emitter 57 of approximately 0.2 to 0.4 volt. 
The bias on the transistor 54 that must be overcome by this 
voltage wave form in order to turn the transistor 54 off is 
shown in the dotted line. In other words, the voltage out 
put of the generator 64 must rise at junction 78 and base 
60 of transistor 54 to 0.2 to 0.4 volt positive, as shown by 
the dotted line, in order to turn transistor 54 off. The 
voltage wave form 61 is the normal output voltage that 
occurs when the rotor 114 of the electromechanical gen 
erator 64 is driven at normal operating speeds. 
When the voltage rises to the point 162 where the 

Wave form 161 intersects the dotted line, the bias on base 
60 of transistor 54 is overcome and the positive potential 
applied to the base 60 from the output winding 63 blocks 
Current flow from the base thereby turning off transistor 
54. This action permits current flow from the base 52 of 
transistor 43 thereby turning on both transistor 52 and 
transistor 17. 
When the voltage appearing at the terminal 62 drops 

to the point of the cross 163, the base current from train 
sistor 54 is no longer blocked and, therefore, this tran 
sistor will turn on and transistors 43 and 17 will turn off. 
During the dwell period that transistor 17 is conducting, 
the time between the two crosses, designated by the nu 
merals 162 and 163, current flows from the source of 
electrical energy 16 through the emitter 22-collector 33 
circuit of the transistor 17 and the primary winding 15 of 
the ignition coil 10. This current also flows through lead 
34, Winding 35 of bistable electromagnetic switch 36 and 
lead 37. When the point of the cross 163 is reached, the 
transistor 54 turns on and transistors 43 and 17 turn off. 
This interrupts current flow in the primary winding 15 of 
ignition coil 10 and ignition voltages are generated in the 
Secondary winding 11. 
The Output voltage of the winding 63 appearing at 

terminal 62 then goes negative and after a time reverses 
and comes back to the same level that it was at the cross 
162. At this time, the transistor 54 will again be turned 
off and transistors 43 and 17 will be turned on to initiate 
another ignition cycle. 
The electromagnetic switch 36 and its action is identical 

to that described in my copending application Ser. No. 
170,055 and it furnishes a means for rapidly switching 
the transistor 17 from a conducting to a nonconducting 
State at the time the voltage wave form 161 falls to the 
point 163. 

It can be appreciated from an inspection of the values 
given of resistors 73 and 67 and the fact that the voltage 
drop across diode 69 is very small, that the voltage ap 
pearing at the junction 66 is only slightly below battery 
Voltage as is the Voltage appearing at the junction 78 
during steady state conditions that prevail when electro 
mechanical generator 64 is not producing an output volt 
age. Thus, for all practical purposes, the voltage wave 
forms shown in FIGURE 5 may be considered to be posi 
tive and negative with respect to the steady state voltage 
appearing at the junction 78 and hence at the base of 
transistor 60. 

During very low speed operation that occurs during 
engine starting conditions, the voltage output of the wind 
ing 63 that appears at terminal 62 is shown by the wave 
form 166. The magnitude of the maximum voltage out 
put of the Voltage represented by this wave form is sub 
stantially reduced over that developed during normal 
running operations as represented by the wave form 161. 
The slope of the wave form 166 where it crosses the zero 
axis, in the region in which ignition voltages are generated 
by turning off transistor 17, therefore, decreases in a nega 
tive fashion from the slope of the curve 161. This would 
move the ignition point to the left to point 167 from the 
ignition point 163 that occurs during normal running 
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operations, resulting in an advance of the ignition timing 
during cranking operations. As a consequence, it may be 
difficult to start the internal combustion engine. 

In order to provide proper ignition timing during start 
ing operations, the transistor 54 is rebiased into a non 
conducting state during starting or cranking operations. 
This is done through the starting relay 94. When the ig 
inition switch 26 is positioned in the start position, the mov 
able arm 86 engages contact 92 thereby energizing the 
winding 93 and moving armature 96 into engagement with 
contacts 97 and 98. This action connects the base 60 of 
transistor 54 with the positive terminal 21 of the source 
of electrical energy 16 through resistor 76, leads 77 and 
111, contact 98, armature 96, contact 97 and leads 10 and 
23. 
With transistor 54 biased to its nonconducting state, as 

it will be since the emitter 57 is also connected to the 
positive terminal 21 of the source of electrical energy 6, 
transistors 43 and 17 are biased to their conducting states. 
It is necessary, therefore, to provide a negative voltage at 
the base of transistor 60 in order to turn transistor 54 on 
and to turn transistors 43 and 17 off. It can be appre 
ciated from an inspection of FIGURE 6 that this voltage 
level may be represented by the dashed line that may be 
a negative voltage value of somewhere in the neighbor 
hood of from 0.2 to 0.4 volt. 
With the contacts 107 of relay 106 closed, as they will 

be when the voltage of the battery 16 is below a predeter 
mined value, the positive terminal 21 of battery 6 is con 
nected to line 30 and hence the junction of resistors 31 
and 73 through lead 23, lead 101, contact 97, armature 96, 
and closed contacts 107 of the relay 106. Therefore, 
prior to any current flow in the circuit or through the line 
30, which will be the case at the time ignition switch 26 
is moved to the start position since current cannot change 
instantaneously through the primary winding 15 of igni 
tion coil 10, the voltage on the emitter 57 will be substan 
tially battery voltage and the voltage at the base 60 as pre 
viously explained will be battery voltage. As a result, 
transistor 54 will be in a nonconducting state and as pre 
viously explained this will cause transistors 43 and 7 to 
turn to their conducting states. Current then will flow 
from line 30 which is at the potential of the positive ter 
minal of battery 16, through resistor 31, the transistor 17, 
winding 35 of the bistable electromagnetic switch 36, 
lead 37, lead 38, resistor 41 and primary winding 15 of 
the ignition coil 17. This current which may be on the 
order of 10 amps. will cause a voltage drop of 0.15 volt 
across the resistor 3 that has a value of 0.015 ohm there 
by applying a voltage to the emitter 57 of transistor 54 of 
0.15 volt negative with respect to the positive terminal 
21 of the battery 16. 
The base 60 of the transistor 54 and junction 78 are, 

as previously stated, connected to the positive terminal 
21 of battery 16 through the armature 96 and contacts 97 
and 98 of relay 94, junction 75, lead 11, lead 77 and re 
sistor 76. The base 60 and junction 78 are also con 
nected to lead 38 through resistor 81 and lead 82. They 
are also connected to junction 66 through lead 61, wind 
ing 63 of generator 64 and lead 65. 
The junction 66, it has been found, will be at approxi 

mately 0.165 volt below battery voltage due to the volt 
age drop across the 15 ohm resistor 73 and the diode 69. 
The junction 78 will also be at a slightly negative voltage 
at about this level due to current flow from junction 75, 
which is at battery voltage, through resistor 76, resistor 
81 and lead 82 to the lead 38. This current flow is very 
Small since resistor 76 is 8,000 ohms and resistor 81 is 
12,000 ohms, and the lead 38 with the transistor 17 con 
ducting is approximately 0.5 volt below battery voltage 
due to the Voltage drop across the conducting transistor 
17 and resistor 31. As a result, there will be substan 
tially no bias voltage on the base 60 with respect to the 
emitter 57, or if there is any negative bias voltage it would 
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3. 
be so small that it would be insufficient to turn transistor 
54 on. 

In order to turn transistor 54 on and to turn transistors 
43 and 17 off, which will result in the generation of igni 
tion voltages in the secondary winding 11 of the ignition 
coil 10, it is necessary to apply a bias Voltage of a nega 
tive value on the base of transistor 54 with respect to the 
emitter 57. This bias voltage, depending upon the tran 
sistor, should be somewhere in the neighborhood of 0.200 
to 0.400 volt. As shown in FIGURE 6, this voltage is 
represented by the dashed line and during starting igni 
tion voltages will be developed in the secondary winding 
1 as a result of transistor 17 turning off by the action of 

transistor 54 turning on and transistor 43 turning off when 
the voltage waveform 66 in FIGURE 6 falls to a nega 
tive value of approximately 0.2 to 0.4 volt. As previously 
explained, the zero voltage line in FIGURES 5 and 6 is 
the voltage at the junction 78 or the base 60 of transistor 
54. 
The transistor 54 will again be switched to its non 

conducting state and transistors 43 and 7 Switched to 
their conducting state when the negative voltage wave 
form in FIGURE 6 again rises to the point where it crosses 
the dotted line. At this point the negative voltage on the 
base 60 of transistor 54 with respect to the emitter is in 
sufficient to maintain transistor 54 in a conducting state. 
As a result, it turns off and transistors 43 and 17 turn on 
thereby again energizing the primary winding 11 of the 
ignition coil to commence another ignition cycle. 

During starting operations it may be that the terminal 
voltage of the battery 16 is sufficiently high that current 
through the winding 108 of relay 106 is sufficient to open 
the normally closed contacts 107. This places the resistor 
29 in series with the positive terminal 21 of the battery 
26, the lead 30, resistor 31, the transistor 17, winding 35, 
resistor 41 and primary winding 15 of ignition coil 10. 
As brought out in copending application Ser. No. 387,002, 
the resistor 29 has a value of 0.33 ohm. Under these con 
ditions with the resistor 29 in the circuit, when the igni 
tion switch 26 is initially closed so that arm 25 is in 
contact with contact 92 and arm 86 is in contact with 92', 
there will be no current flow initially through the lead 30 
or resistors 29 and 3 due to the inductance of the primary 
winding 15 of the ignition coil 10 that is in series with 
these two resistors. Similarly, there can be no current 
flow through resistors 76 and 8 because of the series 
connected inductance of the primary winding 15 nor can 
there be any current flow out of the base 60 of transistor 
54 through the inductance of the winding 63 of the gen 
erator 64. 
When the circuit is placed in start condition the initial 

conditions are such that the emitter 57 and the base 60 
of transistor 54 will be at the same potential and the tran 
sistor 54 will be in its nonconducting state. As previously 
explained, this will place transistors 43 and 17 in their 
conducting states. When transistor 7 conducts there will 
be a voltage drop across the resistor 29 of approximately 
3.3 volts because the current through this series circuit, 
including resistor 29, resistor 31, resistor 17 and primary 
winding 15 of ignition coil 0 will be approximately 10 
amps. The junction, therefore, of resistors 31 and 73 
Will be approximately 3.3 volts below battery voltage. 
The voltage at junction 75, however, will be the battery 

Voltage and will be 3.3 volts higher than the junction of 
resistors 31 and 73. Current will, therefore, flow from 
junction 75 through resistor 74 and resistor 73 to the 
junction of resistors 73 and 31. Current will also flow 
from junction 75 through resistor 74, diode 69 and re 
Sistor 67 to ground. It has been determined that the volt 
age at junction 72 between resistor 73 and the diode 69 
Will be positive with respect to the junction of resistors 
73 and 31 by approximately 0.12 volt and that the junc 
tion 66 that is tied to the junction 78 through the winding 
163 of the generator 64 will be approximately at 0.15 volt 
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cal energy and said control circuit of said transistor for 
applying a bias voltage to the control circuit of said second 
transistor of a polarity to cause said second transistor to 
be normally conducting and said first transistor to be nor 
mally nonconducting, an electrical generating means op 
erated in timed synchronism with the engine and dis 
tributor and coupled to said control circuit of said second 
transistor for generating an alternating voltage wave form 
having a substantial slope in the region where the wave 
form crosses a reference voltage axis, the magnitude of 
the generated voltage being substantially greater than the 
magnitude of the bias voltage applied to said control cir 
cuit of said second transistor, the alternating output volt 
age from said output winding switching said second tran 
sistor to a nonconducting state and said first transistor to 
a conducting state when the portion of the wave form of 
the opposite polarity to said bias reaches a magnitude 
equal to or greater than said bias and switching said sec 
ond transistor to a conducting state, and said first tran 
sistor to a nonconducting state when the magnitude of 
said portion of said wave form falls below the level of 
said bias, a starting circuit for said engine coupled to said 
Source of electrical energy and to said control circuit of 
Said Second transistor during engine starting operations 
for applying a bias to said second transistor to cause said 
Second transistor to be normally nonconducting and said 
first transistor to be normally conducting during starting 
operations, the alternating output voltage from said out 
put winding Switching said second transistor to a conduct 
ing state and said first transistor to a nonconducting state 
when the portion of the wave form of opposite polarity 
to said last mentioned bias reaches a magnitude equal to 
or greater than said bias, whereby the ignition timing of 
Said ignition system will be retarded during starting op 
erations when low voltages are being generated in said 
output winding of said generator and the slope of the out 
put voltage wave form decreases in the region of the mag 
nitude of said bias voltage and of said reference voltage 
aXS. 

3. A transistorized ignition system for an internal com 
bustion engine comprising, an ignition coil including a pri 
mary and a Secondary winding, a plurality of spark plugs, 
a distributor operated in timed synchronism with the en 
gine for sequentially connecting said secondary winding 
of said ignition coil with said spark plugs, a source of 
electrical energy, a transistor having an emitter, a col 
lector and a base, said emitter and collector being con 
nected in series with said source of electrical energy and 
said primary winding of said ignition coil, an alternating 
current electromechanical generator having an output 
winding and a rotor, said rotor operated in synchronism 
with said distributor and the internal combustion engine, 
circuit means coupled to said source of electrical energy 
and to said base and including said output winding for 
causing said transistor to be switched to a nonconducting 
State when the positive portion of the output from said 
output winding falls to a selected level, a starting circuit 
for said internal combustion engine, said starting circuit 
including means coupled to said last mentioned means 
When said starting circuit is energized for causing said 
transistor to be switched to a nonconducting state when 
the negative portion of the output from said output wind 
ing falls below a predetermined value, whereby during 
engine starting operations the firing of said spark plugs 
will be retarded rather than advanced as a result of out 
put from Said electromechanical generator falling to low 
values of magnitude and the slope of the output decreas 
ing negatively during engine starting operations. 

4. In a transistorized ignition system for an internal 
combustion engine, the combination comprising, an igni 
tion coil having a primary and a secondary winding, a 
plurality of spark plugs, a distributor operated in timed 
Synchronism with the engine for sequentially coupling said 
Spark plugs to said secondary winding of said ignition coil, 
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a source of electrical energy, a transistor having an 
emitter, a collector and a base, said emitter and collector 
connected in series with the primary winding of said igni 
tion coil and said source of electrical energy, means cou 
pling said source of electrical energy and Said emitter and 
base of said transistor for normally biasing said transistor 
into its nonconducting state, means operated in synchro 
nism with the engine and said distributor and coupled to 
said emitter and base of said transistor for periodically 
switching said transistor to its conducting state, a starting 
circuit for said transistorized ignition system adapted to 
be energized during starting of said internal combustion 
engine, said starting circuit including means coupling said 
source of electrical energy and said base and emitter of 
said transistor for biasing said transistor into a normally 
conducting state during starting operations, said means 
operated in synchronism with the engine and said distrib 
utor switching said transistor periodically to a noncon 
ducting state during engine starting operations whereby 
the timing of the ignition system is retarded during start 
ing operations. 

5. An ignition system for an internal combustion engine 
comprising, an ignition coil including a primary and a 
secondary winding, a plurality of spark plugs, a distribu 
tor operated in timed synchronism with the engine for 
sequentially connecting said secondary winding of said 
ignition coil with said spark plugs, a source of electrical 
energy, a transistor having an output circuit and a con 
trol circuit, said output circuit connected in series with 
said primary winding of said ignition coil and source of 
electrical energy, means coupling said source of electrical 
energy and said control circuit for normally biasing said 
transistor into a steady state nonconducting state when 
said internal combustion engine is running, an electrical 
generator coupled to said control circuit and operated in 
timed synchronism with said engine and said distributor 
for periodically switching said transistor to its conducting 
State during normal running operations of said engine, a 
Starting circuit for said ignition system, said starting cir 
cuit including means coupling said control circuit of said 
transistor and said source of electrical energy during 
engine starting operations for biasing said transistor to 
a normally conducting state during starting operations, 
the alternating energy output of said generator period 
ically Switching said transistor to a nonconducting state 
during engine starting operations. 

6. A transistorized ignition system for an internal com 
bustion engine comprising, an ignition coil including a 
primary and a secondary winding, a plurality of spark 
plugs, a distributor operated in timed synchronism with 
the engine for sequentially connecting said secondary 
winding of said ignition coil with said spark plugs, a 
Source of electrical energy, a first transistor having an 
emitter-collector circuit and a base, said emitter-collector 
circuit being connected in series with said source of elec 
trical energy and said primary winding of said ignition 
coil, a control circuit coupled to the base of said first 
transistor and including a second transistor having an 
emitter-collector circuit and a base, circuit means coupling 
said emitter-collector circuit of said second transistor to 
said base of said first transistor for biasing said first tran 
sistor into a nonconducting state when said second tran 
sistor is in a conducting state, an alternating current gen 
erator including a stator having an output winding and 
a rotor operated in timed synchronism with the engine 
and said distributor, said output winding being connected 
to the base of said second transistor, a biasing means 
coupled to said source of electrical energy and to said 
base of said second transistor for normally biasing said 
Second transistor to a conducting state by applying a 
negative bias to said base with respect to said emitter, 
the alternating current output of said Output winding 
Switching said second transistor to a nonconducting state 
and said first transistor to a conducting state when the 
positive portion of the output voltage wave form rises 
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to a magnitude equal to the negative bias applied to the 
base of said second transistor and switching said second 
transistor to a conducting state and said first transistor 
to a nonconducting state when the positive portion of the 
alternating current wave form falls below the bias level 
applied to the base of said second transistor, a starting 
circuit for said ignition system, said starting circuit in 
cluding means for removing the negative bias of said 
base with respect to said emitter of said second transistor 
whereby said second transistor will be switched to a con 
ducting state and said first transistor will be switched to 
a nonconducting state when the negative portion of the 

4. 
alternating current wave form from said output winding 
applies the requisite negative bias to said base. 
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