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12 with the input terminals 13 of the silicon rectifier 14. 
The output terminals 15 of the rectifier 14 are connected 
through leads 24 and 26 to the battery 16 and to other 
electrical loads, not shown. The alternator 10 has its 
field 17 controlled by a means which will be hereinafter 
described and which are similar to the control set forth 
in application, S.N. 546,503, filed November 14, 1955, 
which has been assigned by the inventors to the assignee 
of the present invention. 

In the drawing, it will be seen that the variable resistance 
32 is connected between the output terminal 5 of the 
rectifier 14 and the battery 16. The field winding 7 of 
the alternator 10 has one end connected directly to lead 
26 and the opposite end connected through a suitable 
Switch 18 to the collector electrode 31 of transistor 30. 
The Switch 18 may be the ignition switch of the prime 
mover if desired. The emitter electrode 43 of transistor 
39 is connected to lead 24 which, in turn, is connected to 
the positive output terminals 15 of the silicon rectifier 14. 
The base 42 of transistor 30 is connected directly through 
a lead 44 to the emitter electrode 46 of a transistor 48. 
A resistance 50 is connected between leads 44 and 24. 
The collector electrode 52 of transistor 48 is connected 
through a resistance 54 with lead 26 and the base 56 of 
transistor 48 is connected through a lead 58 with a col 
lector electrode 6 of a transistor 62. The lead 58 has 
one end connected through a resistance 64 to lead 26 and 
the other end connected through a resistance 66 with lead 
24. The emitter electrode 68 of transistor 62 is connected 
directly to lead 24 and the base 70 is connected through a 
lead 72, a rectifying diode 74 and a lead 76 to a variable 
tap 78 on a variable resistance 34. A resistance 80 is 
connected between the lead 72 and lead 24 and a second 
rectifying diode 82 is connected between a junction 84 and 
lead 72. The variable resistance 34 has one end con 
nected through a resistance 86 with lead 26 and the other 
end connected through a resistance 88 with lead 24 on the 
battery side of resistance 32. The emitter electrode 90 
of the transistor 92 is directly connected to lead 24 and 
the collector electrode 94 of transistor 92 is connected 
with junction 84. The base 96 of the transistor 92 is 
connected through a junction 98 with the collector elec 
trode 106 of a transistor 102. The resistances iO4 and 
106 each have one end respectively connected with junc 
tions 84 and 98 and the other ends connected with lead 
26. The transistor 102 has its emitter electrode 108 con 
nected to the rectifier 14 side of the variable resistance 32 
and the base 110 connected to the battery 16 side of the 
variable resistance 32. The condenser 122 is connected 
between leads 76 and 24 and is included to render the 
regulator means responsive to the average direct current 
output of the rectifier. 
The diode rectifiers 74 and 82 are of the type known 

as Zener diodes which break down upon the application 
of a higher voltage than that for which they are designed 
so that current may flow-through them in the reverse di 
rection when the voltage exceeds a predetermined value. 
However, upon restoring the normal voltage or less there 
across they recover their rectifying or blocking action 
without damage. 

In operation, the Current and voltage regulating system 
will function as follows to control the flow of current 
through the field 17 to the alternator 10. When the al 
ternator it is producing an A.C. output current and volt 
age through the rectifier 14 sufficient to charge the battery 
16, current will flow through the resistance 32. When 
current flows through resistance 32, the base of the tran 
sistor 182 will become negative with respect to the emitter 
and cause the current through resistance 06 to be shifted 
from the base circuit of transistor 92 to the collector 
circuit of transistor 102. As this shift occurs, the base 
current in transistor 92 is reduced. Since the collector 
current in a transistor is a function of the base current, 
and as the base current in transistor 92 is decreased; it 
therefore follows that the collector current in transistor 
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92 will be decreased and the current from collector of 
transistor 92 through resistance 104 is decreased. This 
means that as the current in the resistance 32 is increased, 
the current in resistance 104 is decreased. Such a de 
crease in current in resistance 104 results in a lower 
voltage drop in the resistance 104 thereby moving the 
potential of junction 84 closer to the negative side with an 
increase in current in resistance 32. 
When the potential between lead 24 and junction 84 

exceeds the Zener curve value of the diode 82, the diode 
32 will permit current to pass through the resistance 80 to 
cause the base 70 of transistor 62 to become conductive. 
When the transistor 62 is conductive, it will control the 
action of transistors 30 and 48, as will be hereinafter 
described, to vary the current flow through field 17 to 
regulate the output of alternator 10 in response to the 
current flowing through the variable resistance 32. 
The control of the base current of transistor 62 is deter 

mined by the flow of current through the Zener diodes 82 
or 74. When these diodes 82 or 74 are non-conductive, 
no-current will pass through the base circuit of transistor 
62. The Zener diode 82 is rendered conductive in re 
sponse to current flow through resistance 32 as heretofore 
set forth. When the voltage output of alternator 10 ex 
ceeds a predetermined value, as determined by the setting 
of tap 78, the potential imposed across Zener diode 74 
will exceed its Zener curve value and diode 74 will be 
conductive. The setting of tap 78 on resistance 34 will 
determine the conductivity of diode 74. The greater the 
value of the resistance 34, as is determined by the location 
of tap 78, that is added to resistance 88, then the greater 
is the percentage of the voltage between leads 24 and 26 
that will be imposed across diode 74, so when a predeter 
mined voltage is impressed across diode 74, a lower 
output voltage of alternator 10 will occur. 
The transistor 48 is included in the circuit to increase 

the overall gain without accompanying phase reversal. 
As is evident in the circuit hook-ups of the transistors 
heretofore discussed, an increase of current in one stage 
results in a reversal or decrease in current in the next 
transistor. In order to obtain a sufficient amplification 
in the voltage device, a three-stage transistor amplifier 
is desirable. By using the circuit shown, the transistors 
30 and 48 work in the same direction and do not reverse 
the phase. When the Zener diode 74 or 82 is made 
conductive, the base circuit of transistor 62 will be made 
conductive and the collector circuit of transistor 62 will 
pass current through resistance 64. This will cause the 
base current in transistor 48 to decrease. The current 
in the collector of transistor 48 is equal to beta times the 
change in the base current. Thus, the current flowing 
through the emitter of transistor 48 is equal to (beta plus 
1) times the change in the base current of transistor 48 
which will flow through either resistance 50 or through 
the base and emitter of transistor 30. The base to 
emitter, resistance of transistor 30 is relatively small.com 
pared to the resistance value of resistance 50. For that 
reason, the change in current of (beta plus 1) times the 
base current of transistor 48 is available to use as base 
current in transistor 30. As the base current in transis 
tor 30 is decreased by this amount, the field 17 current, 
which is the collector current of transistor 30, is greatly 
reduced. 
From the above, it is apparent that the variable resist 

ance:32, the transistors 102, 92, the current limiting resist 
ances. 104 and 106 and the Zener diode 82 are used to 
control the energization of the field through the transistor 
network which includes transistor 30 in response to the 
current which flows through the resistance 32. 
A rectifier 19 is placed in parallel with the field 17 to 

absorb transients that may otherwise damage the transis 
tor 30. 

While the embodiment of the present invention as 
herein disclosed, constitutes a preferred form, it is to 
be understood that other forms might be adopted. 
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What is claimed is as follows: 
1. In an electrical system for a motor vehicle having 

a variable speed driving engine and a direct current load 
including a storage battery, the combination comprising; 
an alternator having load terminals and an exciting field 
winding, torque transmitting means connecting said 
alternator with said driving engine to be driven thereby, 
a silicon rectifier having input terminals connected with 
the load terminals of said alternator and output termi 
nals connected with said direct current load, and a 
transistor regulating means connected in circuit with said 
exciting field winding and the output terminals of said 
rectifier and operable by the rectified voltage of said 
rectifier for regulating the excitation of said field wind 
1ng. 

2. In an electrical system for a motor vehicle having 
a variable speed driving engine and a D.C. load includ 
ing a storage battery, the combination comprising; an 
alternator having load terminals and an exciting field 
arranged to vary the current and voltage output of said 
alternator, a silicon rectifier having input terminals con 
nected to said load terminals and output terminals con 
nected with said D.C. load for supplying D.C. voltage 
and current to said D.C. load whenever the voltage out 
put of said alternator exceeds the potential of said bat 
tery, and a means connected to the output terminals of 
said rectifier and field for varying current in said field 
in response to variations in voltage at the output termi 
nals of said rectifier, said means including a transistor 
and a means connected in circuit with said transistor 
and output terminals of said rectifier. 

3. In a motor vehicle having a variable speed driving 
engine, an electrical system comprising in combination; 
an alternator driven by said engine and having an excit 
ing field winding and load terminals, a D.C. load includ 
ing a storage battery, a silicon power rectifier having 
input load terminals connected in circuit with the output 
terminals of said alternator and output terminals direct 
ly connected with the D.C. load for supplying rectified 
current from said alternator directly to said battery when 
ever the voltage across said output terminals exceeds the 
voltage of said battery, and a transistor means connected 
between the output terminals of said rectifier and said 
field winding for varying the excitation of said field in 
response to the potential of said output terminals. 

4. In a motor vehicle having a variable speed driving 
engine, an electrical system comprising in combination; 
an alternator driven by said engine and having an excit 
ing field winding and load terminals, a D.C. load includ 
ing a storage battery, a silicon power rectifier having in 
put load terminals connected in circuit with the output 
terminals of said alternator and output terminals direct 
ly connected with the D.C. load for supplying rectified 
current from said alternator directly to said battery when 
ever the voltage across said output terminals, exceeds the 
voltage of said battery, and a means including a transis 
tor network connected between the output terminals of 
said rectifier and said field winding for selectively vary 
ing the excitation of said field in response to the current 
flow and the potential present at said output terminals. 

5. In a motor vehicle having a variable speed driving 
engine, an electrical system comprising in combination; 
an alternator driven by said engine and having an excit 
ing field winding and load terminals, a D.C. load includ 
ing a storage battery, a silicon power rectifier having in 
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put load terminals connected in circuit with the output 
terminals of said alternator and output terminals direct 
ly connected with the D.C. Joad for supplying rectified 
current from said alternator directly to said battery when 
ever tile Voltage across said output terminals exceeds the 
voitage of said battery, and a means including a Zener 
diode and a transistor connected between the output 
terminals of said rectifier and said field winding for vary 
ing the excitation of said field in response to the poten 
tial of said output terminals. 

6. In a motor vehicle having a variable speed driving 
engine, an electrical system comprising in combination; 
an alternator driven by said engine and having an excit 
ing field winding and load terminals, a D.C. load includ 
ing a storage battery, a silicon power rectifier having in 
put load terminals connected in circuit with the output 
terminals of said alternator and output terminals direct 
ly connected with the D.C. load for supplying rectified 
current from said alternator directly to said battery 
whenever the voltage across said output terminals exceeds 
the voltage of said battery, and transistor means con 
nected to the output terminals of said silicon rectifier 
and to said field to control the flow of current through 
the field in response to the voltage across said output 
terminals. 

7. In an electrical system for a motor vehicle having 
a direct current load circuit including a storage battery, 
a variable source of electric current and voltage con 
nected in circuit with said D.C. load for supplying cur 
rent and voltage to said load and charging said battery 
when the voltage at said source exceeds the battery volt 
age, a silicon rectifier connected in said circuit between 
said source and battery for preventing the flow of cur 
rent from said battery to said source and a regulating 
means including a transistor having a base and emitter 
connected to said circuit between said silicon rectifier and 
battery and a collector connected in circuit with said 
source for maintaining the voltage of said source sub 
stantially constant. 

8. In an electrical system for a motor vehicle having 
a direct current load circuit including a storage battery, 
a variable source of electric current and voltage con 
nected in circuit with said D.C. load for supplying cur 
rent and voltage to said load and charging said battery 
when the voltage at said source exceeds the battery volt 
age, a p-n junction semiconductor rectifier connected in 
said circuit between said source and battery for preventing 
the flow of current from said battery to said source and 
a regulating means including a transistor having a base 
and emitter connected to said circuit between said recti 
fier and battery and a collector connected in circuit with 
said source for maintaining the voltage of said source 
substantially constant. 
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