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[57] ABSTRAGT 
A semLconductor voltage regulator includes a dual 
transistor differential amplifier pair adapted so as not 
to be damaged by reverse voltages during the applica 
tion of either polarity of alternating current to the as 
sociated sensing network. The sensing network in 
cludes resistors, the value of which are selected to 
provide an offset .current during one polarity of alter 
nating current with respect to the other polarity. A 
diode is coupled with the differential ampli?er transis 
tor pair in order to protect those devices and the load 
from high, suddenly-applied or transient voltages gen 
erated externally or by internal switching within the 
regulator. ' 
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1 
VOLTAGE REGULATOR FOR ALTERNATING 

CURRENT LIGHTING SYSTEM 
The present invention relates to AC voltage regula 

tors and more specifically to voltage regulators such as 
would be used on snowmobiles or motorcycles or other 
small vehicles where the ‘headlamp and taillamp are 
normally operated directly from the coil of an alterna 
tor as opposed to the battery operated systems on most 
automobiles. Regulators for this purposeare described 
for example, in my prior U.S. Pat. No. 3,757,199, 
3,755,685, and 3,755,709. While these systems have 
proved both workable and commercially practical, it is ' 
the purpose of the present invention to increase the ac 
curacy and allow adaptation in applications such as for 
instance, with low voltage lamps, say typically 6 volt 
systems where application of the previous art is more 
dif?cult. The amplifying circuits interposed between 
the RMS sensitive network and the shunt switching de 
vice in the reference just mentioned generally are lim 
ited to relatively little output and therefore require 
shunt switching devices of high input sensitivity. These 
circuits typically use an SCR of 3 milliamperes or less 
maximum gate current to fire, and in some cases, under 
I milliampere. Circuits‘of the present invention are 
usuable with more readily available and higher current 
SCR‘s, the practical gate sensitivity range approaching 
10 milliamperes. Also the calibration of the previously 
mentioned art is somewhat dependent upon the charac 
teristics of the alternator supplying the power for the 
system, therefore in some cases, requiring different cal~ 
ibration points for use with different alternators to pro 
duce the same regulated voltage. Therefore, the further 
object of this invention is to produce a regulator with 
minimum sensitivity to the characteristics of the alter 
nator being regulated. In U.S. Pat. No. 3,755,709. note 
that the gate drive current for the SCR must flow 
through either R-l or L which comprise a portion of 
the voltage sensing network of the regulator. This cur 
rent therefore re?ected into the impedance of this sens 
ing circuit node produces a voltage drop dependent 
upon the gate sensitivity of the SCR which varies from 
unit to unit and with temperature, thus producing un 
wanted deviation from ideal regulation. Also in that 
reference, the output of the bridge circuit is imposed 
directly across the base emitter junction of a transistor. 
This produces two undesirable effects. First, the well 
known temperature coef?cient of the base emitter 
junction of a bipolar transistor produces a change in 
regulated voltage with temperature; secondly, since a 
finite voltage, say typically half a volt, is required tov 
bias on the base emitter junction, the bridge circuit 
does not operate at a‘ true null, so the regulation point 
is dependent upon the RMS voltage applied as is desir 
able, but also somewhat upon the instantaneous peak 
applied to the bridge to produce sufficient output signal 
to drive this junction. It is therefore the object of this 
invention to overcome both of these limitations. Also 
in the previous reference, the power sensitive impe 
dance L is equally responsive to the positive and nega 
tive portions of the input wave form because R-l is a 
linear resistor. It is another and further object of pres 
ent invention to make the response of the sensor slighly 
offset to favor one polarity of the wave form so as to re 
duce an instability that might otherwise result at the 
point where the alternator has only slightly more out 
put than required by the lamps or other loads con 
nected. Another and further object of the present in 
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vention is to reduce the requirements, and therefore 
chance of failure on the amplifying vdevices typified by 
the transistor in‘U.S. Pat. No. 3,755,709. As previously 
mentioned, considerable output is needed from the 

‘ bridge circuit in that case requiring a fairly large volt 
age across L and R3. Therefore with a rapid increase 
in the output of the alternator, sensor “L” may not re 
spond fast enough to prevent voltage across the base 
emitter junction of the transistor, particularly in the re 
verse direction, from exceeding safe levels. For the’ 
same. reasons, even during steady state operation a 
major portion of the alternator supply voltage will ap 
pear‘from the base to the collector of that transistor. As 
will be seen in the description of the subsequent ?g 
ures, the voltage requirements are greatly reduced by 
the methods of the present invention. 

THE- DRAWING 
‘FIG. 1 is a ?rst embodiment of a circuit in accor 

dance with the present invention, utilizing a differential 
amplifier therein. ' . v _ 

FIGS. 2 and 3 are alternate embodiments to the em 
bodiment shown in FIG. 1, both in accordance with the. 
present invention. 
The invention will now be described with reference 

to the accompanying drawings, FIGS. 1, 2, and 3, 
which are circuit diagrams of three embodiments of the 
invention. The speci?c novel circuits described in ref 
erence to these three ?gures may not all be required in 
any speci?c application or a combination of them may 
be required in certain applications. While all of thefig 
ures show a power sensitive impedance in a bridge cir 
cuit as the sensing network, various other networks 
such as shown in U.S. Pat. No. 3,755,685 could be uti 
lized or indeed entirely different networks such as 
known in the art. Other and further modi?cations and 
adaptions .of this circuit should be obvious to those 
skilled in this art. In all ?gures, similar numbers with 
primes and double primesrepresent components with 
similar functions. A represents an alternating current 
source of power such as might be a permanent magnet 
alternator on a snowmobile engine. The voltage, wave 
form, and frequency of such an alternator varies with 
the engine speed, preventing the use of regulation tech 
niques based on a sinusodial supply voltage. L repre 
sents the load to which the power or RMS voltage is to 
'be. controlled. Again, the typical snowmobile applica 
tion will_be predominately lights. The other compo 
nents are within the regulator assembly. It should be re 
alized that in general the wiring system of such a vehi 
cle is much more complex than the simple parallel con 
nection of an alternator and a lamp as shown here and 
would generally involve such things as switches for high 
beam and low beam, brake light switches, and other 
similar wiring. 1 is a capacitor by-passing the regulator 
lead to ground. In some applications this is necessary 
to prevent interference with the regulator from exter~ 
nally generated high frequency transient such as from 
an ignition system or in other cases to prevent switch 
ing transients from regulator components from gener 
ating radio interference which might be picked up on 
a radio mounted on a vehicle. 2 represents a solid state 
control device shown by the accepted symbol for a sili 
con controlled recti?er. Its current carrying anode and 
cathode, terminals are connected, directly in parallel 
_with the alternator and load so as‘ the device can act as 
a shunt regulator controlling the voltage applied to the 
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load when a control signal of appropriate amplitude 
and phase is applied to its control or gate terminal. Lin 
ear resistors represented by 5, 6, and 12, together with 
the non-linear device represented by 13, which may be 
a tungsten filament lamp, taken as a network act as a 
sensor for AC or RMS voltage. These components 
should be understood together as representing a gener 
alized network of four terminals with an input fed by 
voltage proportional to that voltage to be controlled, in 
this case connected directly across the alternator, and 
an output voltage or impedance in this embodiment 
represented by terminals X and Y which has a discern 
able characteristic change when the input voltage 
passes through the level at which it is desired to be reg 
ulated. In this case this network is a bridge circuit ar 
ranged so that the output voltage phase and amplitude 
are controlled by the true RMS value of the applied 
waveform. Differential ampli?ers typical of the ar 

‘ rangement of components 7, 8, and 10 are commonly 
used in DC power supply art and will therefore not be 
described in great detail herein. Direct adaptation to 
alternating current circuitry however,_presents prob 
lems with maintaining the inverse voltages on the junc 
tions within acceptable limits. In the base emitter junc 
tion of a transistor even small reverse currents, produc 
ing dissipations well below the dissipation capability of 
that junction in the forward direction will cause perma 
nent damage to the transistor. This is generally a pro 
gressive phenomenon first noted as a reduction in for 
ward current transfer ratio, particularly at low current 
levels. The usual approach is to rectify and ?lter the 
portion of the AC power available and use this to sup 
ply the transistors, however, this approach is generally 
too large physically and too expensive for practical 
commercial applications to the type of circuitry being 
discussed here. Diode 9 connected from the alternator 
lead B to the emitters of the transistors is used as a pro 
tective device to limit the inverse voltages across the 
base emitter junctions of transistors 8 and 10. When 
the ground point is negative compared to point B, cur 
rent will ?ow through diode 9 and resistor 7. For nor 
mal circuit values voltage drop across the diode, if it is 
a typical silicon device will be in the range of 0.7 volt 
while supplying current through resistor 7 of less than 
100 millamperes peak. Also the portion of the current 
?owing through diode 9 may ?ow in the forward direc 
tion through the base emitter junction of transistor 8 to 
point X, thence through resistor 5 to ground, thus re 
ducing the peak voltage across resistor 6 to typically 
1.4 volts. Current may also ?ow through diode 9 emit 
ter base junction of transistor 10 and resistors 11 and 
12 to ground. Note, however, with many commonly 
available transistors the forward voltage drop of the 
collector base junction will be sufficiently low that the 
predominant current path through resistor 11 will be 
directly from the collector to the base of transistor 10, 
still talking of course at an instant when the alternator 
output connected to ground is negative. Therefore in 
the typical case, conduction of current from the collec 
tor to the base of transistor 10 will limit the voltage on 
that base to a negative peak of approximately 0.7 com 
pared to the alternator output lead B. Thus it is seen 
that the inverse voltages imposed on the transistor 
junctions are at all times held well below the three to 
‘ten volt ratings of most commercially available transis 
tors and this is true regardless whether these'inverse 
voltages tend to arise from current through the emitter 
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4 
supply resistor 7 or from a voltage differential across 
the input to this transistor pair represented the points 
X and Y. If transistors 8 and 10 have similar transcon 
ductance versus temperature characteristics either be 
cause of selection or because of uniformity within the 
transistor type, this con?guration becomes inherently 
temperature compensated. This will not be discussed in 
detail here because it is well understood and presented 
in the literature where this type of circuitry is applied 
to DC applications. In the same way input offset volt 
ages between the terminals X and Y are, or can be 
maintained to low levels by either selecting a match be 
tween these transistors or in the general case by use of 
transistors of a type that exhibit relatively little differ 
ence in these parameters from unit to unit. This allows 
use with sensors or networks as represented in this case 
by resistors 5, 6, l2 and non-linear resistor 13 with 
much lower outputs and would be possible with direct 
connection of the output, for instance to the base emit 
ter junction of a transistor as shown in the previously 
mentioned patents. Several advantages arise from this. 
Circuitry can be readily adapted to 6 volt or even lower 
voltage lighting systems whereas the performance of 
the previous art tended to degrade rapidly below 12 
volts RMS systems. Also the operating point of the de 
vice 13 which may be typically a tungsten filament 
lamp can be much more-arbitrarily chosen, therefore, 
in some cases extending the lifetime of that component. 
Described in another way, the use of the dual transistor 
configuration to replace the single transistor in the pre 
vious art reduces the component of the sensor output 
network signal between X and Y which is proportional > 
to the instantaneous peak voltage on that network. This 
is because the normal operating output between points 
X and Y becomes very nearly zero voltage instead of 
the forward bias base emitter voltage of the transistor 
where a single transistor is used. Ideally in an AC regu 
lator under steady state or slowly changing alternator 
output conditions the shunt switching or control device 
represented by 2, typically a silicon controlled rectifier, 
should ?re at the same point in each succeeding cycle, 
that point or phase angle being determined by the dif 
ference in the power available from alternator A and 
the power required by load L. This exact and consistent 
phase relationship from cycle to cycle is generally ob 
tairied in such applications as motor speed controls or 
some industrial heating controls by relatively large and 
expensive networks of resistors and capacitors. Such 
techniques again may not be practical in this type of ap 
plication because of cost and size, limitations and possi 
bly because of the temperature extremes inherent. The 
phasing in the circuit of FIG. 1 between the alternator 
signal A and the gate drive to SCR 2 is partially deter 
mined then by the thermal time constant of device 13 
compared to the operating frequency of alternator A 
and partially by the phase component of the signal be 
tween X and Y as previously described. While this 
technique is simple and reliable deviation from ideal 
performance may be sufficient to cause problems in 
some applications. This might most typically be noted 
as a ?ickering in lamp L particularly at the point where 
the output of alternator A is just slightly above the 
power required by lamp L. This typically results from 
a cyclic variation in the phase angle of the gating of de 
vice 2. In a typical situation, device 2 ?res near the neg 
ative peak of voltage at point B on one cycle and might 
not ?re at all for the following one, two or three cycles, 
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and then the process is repeated As was previously de 
scribed, the voltage required between points X and Y 
to drive the dual transistor configuration is small com 
pared to that of a single transistor, reducing one major 
cause of these sub-frequency variations. However, it is 
desirable to introduce a signal generally increasing with 
time from the beginning to the end of the time period 
when point B is negative with respect to ground, this 
being the time period when device 2 is capable of being 
turned on. This is done in the following manner: the 
thermal time constant of device 13 is not so much 
longer than the period of alternator A that there are ab 
solutely no changes in the resistance of this device dur 
ing the cycle. Therefore, if the current passing through 
device 13 and therefore the power in it is made slightly 
more responsive to one polarity of the output of alter 
nator A than the other polarity a temperature variation 
and therefore an output variation at the frequency of 
alternator A can be created. It should be pointed out 
that the desired size of this signal is very small com 
pared to the normal signal out of this device. In the cir 
cuit of FIG. 1 this is created as follows: when point B 
is positive with respect to ground, as previously de 
scribed, current can flow through diode 9 and emitter 
base junction of the device 10 or directly through the 
collector base junction of the device 10 and through 
resistor 11. This path effectively by-passes a portion of 
the current through resistor 12 around device 13. Gen 
erally, the value of resistor 11 compared to the normal 
operating resistance of device 13 can be selected to ob 
tain the optimum ratio between sensitivity of device 13 
to power during the different polarity half cycles with 
out the impedance of resistor 11 being sufficiently high 
to effect the operation of transistor 10 during the per 
iod of the cycle when it is conducting. In a more gen 
eral sense the sensor is made to be slightly more re 
sponsive to one polarity of the applied AC signal than 
to the other and this in conjunction with the appropri 
ately selected relationship between the sensor network 
time constant and the frequency of the alternator is 
used to produce a more stable phase relationship be 
tween the ?ring angle of SCR 2 and the alternator A. 
This technique can of course be applied to other than 
the power sensitive impedance 13 or to other methods 
of sensing its operating condition and amplifying the 
resulting signal, than the methods shown by incorporat 
ing it in a bridge and using the common emitter to tran 
sistor configuration shown here. Resistor 4 from the 
gate to the cathode of the switching device 2 is neces 
sary with some types of devices to insure high tempera 
ture stability. Other types, however, do not require its 
use. Resistor 3 is not always required and would gener 
ally not be used unless resistor 4 was also used. The 
purpose of resistor 3 is to provide an alternate source 
of gate signal to device 2 which is always present above 
a predetermined instantaneous voltage from point B to 
ground. Conditions under which this would be desir 
able would be when alternator A may increase its out 
put, such as by rapid acceleration of the engine to 
which it is attached, so rapidly that the time constant 
desirable for device 13 for steady operation would not 
be sufficiently short to prevent a short term high value 
transient in the RMS voltage applied to the load. An 
even worse example of this would be if a loose lead or 
connection existed in one of the leads from alternator 
A to the rest of the vehicle. Under such conditions as 
these, the peak responsive characteristics of the net 
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6 
work consisting of components 2, 3 and 4 can be highly 
‘desirable, protecting the components of the regulator 
as well as the load. In some cases this can be accom 

plished with sufficient accuracy with 3 and 4 represent 
ing linear resistors, however, even greater accuracy 
would be obtained with component 3 representing a 
zener diode or other non-linear device with a known 
and pre-determined voltage breakdown characteristic. 
Protection for the ?rst 1/2 cycle if point B is positive is 
not possible with an SCR, but is generally not neces 
sary. The current through device 3 is controlled only by 
the instantaneous alternator voltage and is not effected 
or controlled by the presence or absence of a signal 
through the path normally driving the gate of device 2, 
that is, through resistor 7 and transistor 8. This normal 
path through components 7 and 8 for the gate current 
of device 2 isnot through any element of the sensing 
network in this figure represented by components 5, 6, 
l2, and 13. Thus the impedance of these elements may 
be considerably higher than in the art shown in US. 
Pat. No. 3,755,709, thus reducing the restraints on the 
selection of these components to fulfill their other re 
quirements, and also reducing the error signals result 
ing therefrom. If diode 9 is replaced by a diode in series 
with resistor. 7 the transistors are still protected from 
reverse voltages arising from current flow through re 
sistor 7. In this case, however, the various other imped 
ances in the circuit, speci?cally 4, 5, 6, 11, 12 and 13, 
must be selected with such magnitude to ensure that 
the voltage between points X and Y does not exceed 
the junction breakdown capability of the devices. Also 
the forward voltage drop of a diode in series with resis 
tor 7 would subtract from the current available through 
transistor 8 to drive the gate of device 2 which might 
be signi?cant at low instantaneous values of the voltage 
at point B. There would however be the advantage that 
the average power dissipation in resistor 7 would be re 
duced to 50% or less of the value present in the circuit 
as shown. 

FIG. 2 is a circuit diagram of another embodiment of 
the invention. Components with similar functions are 
similarly numbered to FIG. 1 with the addition of a 
prime and their functions will not be described again. 
Semiconductor device 16' shown as symbol commonly 
known as a complementary SCR is used as an amplify 
ing and switching device. In more recent manufacturers 
literature these devices are also frequently called pro 
gramable unijunction transistors. In the general case 
they can be made up of two inter-connected bipolar 
transistors in the con?guration generally shown in the 
literature as being the equivalent of a four layer switch 
ing device. ,This device serves as the ampli?cation of 
the relatively low level signal available between points 
X’ and Y’ to produce the required signal to drive the 
gate of device 2'. The path of the gate current is pre 
dominately through the resistor 5' and device 16', how 
ever if 16’ is a switching device as shown, and thus stays 
on once its gate or input signal level reaches a pre 
determined level the errors, described as being elimi 
nated in FIG. 1 by the gate current path being through 
device 7 rather than through the bridge, do not exist in 
the embodiment of FIG. 2. However, if device 16' is re 
placed by a bipolar transistor, the impedances of de 
vices 5’, 6’, l2’ and 13' would have to be low enough 
to supply the resulting base and emitter currents with 
out resulting in unacceptably large errors. Diode l5’ 
and resistor 14' perform a dual function. The first func 
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tion is analgous to the decrease of the portion of cur 
rent through 13 during the time B is positive by by 
passing a portion of it through transistor 10 and resistor 
11. In the case of FIG. 2 the current through 13 is in 
creased during the opposite half cycle or when point B’ 
is negative with respect to ground by the path through 
diode 15’ and resistor 14' which are parallel with the 
main current path through 12’. The second function is 
to cancel out the offset voltage and to a large extent the 
temperature co-ef?cient of the input of device 16’, thus 
to a somewhat more limited extent device 16' serves a 
function similar to transistor 8 in FIG. 1 and device 15’ 
serves a function similar to transistor 10 in FIG. 1. 
FIG. 3 is a circuit diagram of a portion of a similar 

regulator, similar numbers and double primes being 
used to denote components of similar functions. In this 
embodiment resistor 18" serves the dual purpose of 
both resistors 3 and 5 in FIG. 1 and resistor 19" serves 
the dual purpose of both resistors 4 and 6 of FIG. 1. De 
vice 16”, shown as a silicon controlled rectifier is a 
switching device gated on by a positive signal on the 
gate, and thus allowing conduction from the anode to 
cathode. The analogy of devices 14’ and 15' to those 
shown as 14" and 15" is direct, in that they serve both 
to unbalance the current flow from one half of the 
cycle to the next in device 13'’ and also to buck out and 
temperature compensate for the gate to cathode volt 
age required to turn on device 16". Other modi?ca 
tions, combinations, or deletions of some of the func 
tions described in these figures will be obvious to those 
skilled in the art in adapting this teaching to the re 
quirements of a specific application, and all such being 
considered to fall within the spirit and scope of the in 
vention as de?ned in the appended claims. 
What is claimed is: 
*1. In a lighting system for use with an AC power pro 

ducing source the frequency voltage, amplitude and 
waveform of which vary from time to time and having 
lighting means connected to be energized by the AC 
power supplied from said source: a voltage sensitive 
network having terminals connected to be energized by 
the waveform of said source and having output termi 
nals producing a signal dependent upon the true RMS 
voltage value of said source; control means connected 
to control the ?ow of AC power from said source to 
said lighting means and having an input means; two am 
plifying means each having an input terminal, an output 
terminal, and a common input-output terminal, the 
common input-output terminals of said amplifying 
means being connected together, the output terminal 
of one amplifying means supplying power to said input 
terminal of said control means; said input terminals of 
said two amplifying means being connected to said out 
put terminals of said true RMS voltage sensitive net 
work to regulate the AC power supplied by said source 
to said lighting means; impedance means for preventing 
destructive voltages and currents from appearing be 
tween said input terminals and said common input 
output terminals of said amplifying means for either po 
larity of the waveform applied to said network to pre 
vent the true RMS voltage supplied from said source to 
said lighting means from rising above a preselected 
value; and means to make said network slightly more 
sensitive to one polarity portion of the waveform of 
said source than to the other polarity portion. 

2. A system for supplying AC power from a source to 
a lighting means, comprising: a control means for vary 
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8 
ing the ?ow of AC power from said source to said light 
ing means; a network sensitive to a true RMS voltage 
applied thereto and having an output, said network en 
ergized by \the waveform of said source; means to make 
said network slightly more sensitive to one polarity por 
tion of the waveform of said source than to the other 
polarity portion; means connecting the output of said 
network to said control means to regulate the AC 
power supplied by said source to said lighting means. 

3. An AC vehicular power system including an en 
gine-driven alternator and a lighting load to be ener 
gized therefrom; a control means with an input means 
capable of limiting the AC voltage supplied from said 
alternator to said load in response to a signal at its input 
means; a ?rst true RMS voltage sensitive network ener 
gized by the waveform of said alternator and having a 
time constant longer than the period of the voltage pro 
duced by said alternator and having an output; a sec 
ond voltage sensitive network having a time constant 
shorter than the period of the voltage produced by said 
alternator and therefore primarily sensitive to peak 
voltages, and having an output; means connecting said 
outputs of both said networks to the input of said con 
trol means to prevent the voltage of said system from 
exceeding predetermined voltages for longer than pre 
determined times; and means to make said network 
slightly more sensitive to one polarity portion of the 
waveform of said alternator than to the other polarity 
portion. 

4. A system for supplying AC power from an engine 
driven alternator source, the voltage, frequency, and 
waveform of which vary from time to time to a lamp . 
load; including a true RMS regulator; said regulator 
containing a semi-conductor switching means con 
nected to control the flow of power from said source to 
said load and having a gate terminal means; a true RMS 
voltage sensitive network energized by the waveform of 
said alternator source and having terminals connected 
to said source and having output terminals; a control 
signal path for connecting said output of said network 
to said gate, said path containing a semiconductor junc 
tion biased and connected so that the forward voltage 
drop thereof cancels with a similar drop inherent in 
other components of said regulator at the time when a 
gate signal is required to produce a stable RMS voltage 
to said load, whereby said regulator regulates the AC 
power supplied by said alternator source to said lamp 
load; and means for making said network slightly more 
sensitive to one polarity portion of the waveform of 
said alternator source than to the other polarity por 
tion. 

5. In a lighting system for use with an AC power pro 
ducing source the frequency voltage, amplitude and 
waveform of which vary from time to time and having 
lighting means connected to be energized by the AC 
power supplied from said source: a true RMS voltage 
sensitive network having terminals connected to be en 
ergized by the waveform of said source and having out 
put terminals producing a signal dependent upon the 
RMS value of said source; control means connected to 
control the flow of power from said source to said light 
ing means and having an input means; two amplifying 
means each having an input terminal, an output termi 
nal, and a common input-output terminal, the common 
input-output terminals of said amplifying means being 
connected together, the output terminal of one ampli 
fying means supplying power to said input terminal of 



3,924,154 

said control means; said input terminals of said amplify 
ing means being connected to said output terminals of 
said true RMS voltage sensitive network; impedance 
means to prevent destructive voltages and currents 
from appearing between said input terminals and said 
common input-output terminals of said amplifying 
means for either polarity of the waveform applied to 
said network to prevent the true RMS voltage supplied 
from said source to said lighting means from rising 
above a preselected value, to thereby regulate the AC 
power supplied by said source of said lighting means; 
and means for making said network slightly more sensi 
tive to one polarity portion of the waveform of said 

10 

10 
source than to the other polarity portion. 

6. The system of claim 5 wherein said source is an al 
ternator attached to an engine of a vehicle. 

7. The system of claim 6 wherein said amplifying 
5 means are transistors with their emitters connected to 

gether. 
8. The system of claim 6 wherein said network con 

tains a lamp with an impedance which varies with the 
power applied thereto. 

9. The system of claim 8 wherein said source is an al 
ternator attached to an engine of a vehicle and said 
lighting means are lamps associated with said vehicle. 
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