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, LIGHT-RESPONSIVE VOLTAGE REGULATOR FOR 
ALTERNATING-CURRENT SOURCE 

BACKGROUND OF THE INVENTION 

This invention relates generally to alternating-current volt 
age-regulators, and more particularly to such voltage regula 
tors which control current flow of both half-cycles of an ap 
plied alternating~current voltage. I ~ ’ 

The use of alternating-current voltage regulators is a well 
known and often used expedient to compensate for undesired 
voltage variations which may occur within a standard wall 
receptacle outlet. Although power companies which generate 
electricity for commercial use try to maintain the voltage am‘ 
plitude of the electrical power delivered to their users within a 
minimum voltage variation, it becomes a very difficult task to 
maintain such voltage regulation because of unknown high 
current drains which may, and usually do, occur at random in 
tervals within a given period of time. Therefore, when users of 
commercially available alternating-current voltage desire to 
operate certain kinds of electrical equipment which require a 
substantially constant voltage applied thereto, it becomes 
necessary for such users to incorporate voltage regulation 
means at the inputof such equipment. 

Heretofore, many different kinds and variations of alternat 
ing-current voltage regulators have been incorporated at the 
input of various types of electrical equipment. However, many 

_ of the prior art voltage regulator systems tend to be inefficient 
in operation and expensive. The cost of such voltage regula 
tors is of considerable importance when used in highevolume 
production consumer products such as television and radio 
circuits because the added cost of voltage regulation forms 
part of the total cost of such products. - 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to provide an 
alternating-current voltage regulator which regulates the volt— 
age applied to a load circuit to a predetermined voltage‘ value 
without being affected by a relatively wide range of voltage 

' variations at the input lines of the regulator. 
Another object of this invention, particularly from a manu 

facturing standpoint, is to provide a voltage regulator which is 
inexpensive to manufacture and reliable in operation. 

Brie?y, the voltage regulator of the illustrated embodiment 
includes a pair of input circuit lines arranged for connection to 
any convenient source of alternating-current voltage, as for 
example, for connection ‘to a conventional wall receptacle. 
outlet. In the case where a step-up transformer is used, the pri 
mary winding thereof is connected in series with a 
bidirectional current control device having load electrodes in 
series with the primary winding and a control electrode for 
receiving control signals in response to the voltage output of a 
selected circuit portion at the secondary winding, or windings, 
of the transformer. Most advantageously, a light~responsive 
resistance element is connected in circuit with the control 
electrode of the current control device and in combination 
with a capacitance resistance network controlling the phase 
angle at which the current control device is rendered conduc 
tive to control the current flow through‘ the primary winding of 
the transformer. The light-responsive resistance element is 
positioned adjacent a light-emitting element of any suitable 
con?guration such as a conventional light bulb, the intensity 
of which varies in response to the voltage output of the 
selected circuit portion at the secondary winding of the trans 
former. Preferably, the light-responsive resistance element 
and the light-emitting element are positioned within a single 
casing so as to exclude any extraneous light from affecting the‘ 
light-responsive resistance element. Preferably, voltage con 
trol means is connected in circuit with the light-emittingele 
ment to provide manual selection of the light output thereof 
which, in turn, will set the desired voltage output 'of the volt~ 
age regulator within a given range of voltages. ' 
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Because of the effectiveness and low cost of the voltage 

regulator of this invention it has particular utility for use in 
television circuits, and particularly color television circuits. In 
this arrangement, a high-frequency ?lter choke may be incor-. 
porated in the input line to the voltage regulator in the con 
ventional manner without affecting the operation of the volt 
age regulator. Also, a tap on one of the secondary windings of 
the transformer used in the voltage regulator may also be used 
for automatic degaussing of the color television picture tube in 

. any well-known and conventional manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed schematic wiring diagram of the volt 
age regulator of this invention; and 

2 is a schematic wiring diagram similar to that of FIG. 1 but 
showing additional circuit components which may be incor 
porated when the voltage regulator is used in a television cir 

- cuit. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1 there is seen an alternating-current 
voltage regulator'constructed in accordance with this inven 
tion and designated generally by reference numeral 10. A pair 
of input lines 12 and 14 are arranged for connection to any 
suitable source of alternating-current voltage, such as a con 

' ventional outlet receptacle. A first power receiving portion in 
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dicated by reference numeral 16 is provided for delivering a 
regulated voltage to any suitable load or electric current 
utilization means which may‘include one or more recti?ers 
and a ?lter circuit. In the case where the voltage at the circuit 
portion 16 is ,to be substantially increased or decreased from 
that of the applied alternating-current voltage at circuit lines 
12 and 14, a transformer 18 is provided which has a primary 
winding 18a thereof connected in series with a bidirectional 
multilayer current control device 20. The‘load electrodes of 
the current control device 20 are connected directly in series 

.4O'with the primary winding 18a and a control electrode 20a 
thereof is connected to a resistance capacitance network 22 
through a bidirectional threshold-switching device 24. The 
threshold voltage value of the bidirectional threshold-voltage 
switching device 24 determines the minimum voltage required 
to ?re the current control device 20 to cause current flow 
through the primary winding 18a. 

In the illustrated embodiment resistance capacitance net 
i work 22 includes a pair of capacitors 26 and 28 having one 

50 
end of each connected together by a pair of resistors 30 and 
'32. Most advantageously, a circuit point 34 formed between 

" resistors 30 and 32 is connected to a light-responsive re 
sistance element 36 selectively to vary the RC time constant of 
the network 22 in response to voltage variations at the input 
lines 12 and 14. 
A secondary winding 18!: of transformer 18 is connected to 

the circuit portion indicated by reference numeral 16 which 
may be connected to any suitable recti?er and ?lter circuit 
when a regulated vDC output is desired, or may be connected 
directly to a current utilization means in the case where a 
regulated alternating-current is desired. A second circuit por 
tion is provided by a secondary winding 18c for applying an 
operating potential to a light-emitting element 38. Preferably, 

' a variable resistance 40 is connected in circuit with the light 
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emitting element 38 provide manual selection of the desired 
light output thereof to set the voltage value at the output cir 
cuit portion '16 of the voltage regulator 10. Preferably the 
light-emitting element 38 and the light-responsive resistance 
element 36 are located in a common housing adjacent one 
another and is here designated by the dotted area 42 circum 
scribing vthese elements. A current path from the primary 
winding 18a to the resistance capacitance network 22 is pro 
vided by a series resistance 44 to apply a control signal 
producing voltage during each half-cycle of an applied alter~ 
hating-current voltage. 
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It will be noted that resistor 44 and capacitor 28 are con 
nected in parallel with the bidirectional current control device 
20, and the charge-across capacitor 28 as determined by the 
RC time constant of the circuit as provided by the‘resistance 
value of resistor 44 together with the parallel resistors 32 and 
36. The charge on capacitor 28 is also applied to capacitor 26 
determined by the time constant afforded by resistors 30 and 
36. When the charge on capacitor ‘26 reaches the breakover 
voltage value of the reference voltage device 24 the device 24 
substantially instantaneously conducts ‘current into the gate ‘ 
electrode 20a of the bidirectional current control device 20 
which, in turn, allows current flow to pass through the primary 
winding v18a. Since the current control device 20 is‘ rendered 
conductive substantially instantaneously upon the breakover 
condition of the threshold voltage device 24 the voltage at 
gate 20a is substantially increased and the voltage drop across 
the threshold voltage device 24 is correspondingly decreased 
to render the same nonconductive, this nonconductive condi 
tion remaining for the remainder of the corresponding half 
cycle of the applied alternating-current voltage. Upon reversal 
of current. of the applied alternating-current voltage the 
operation of the resistance capacitance network 22 is substan 
tially the same but with opposite polarity current ?owing 
therethrough to again control current flow through the prima 
ry winding 18a for the next half-cycle of opposite polarity. 
' In accordance with this invention, the resistor 36 is respon 
sive to the. light intensity of the light-emitting element 38 
which tends to vary the RC time constant of capacitors 26 and 
28. Since the light intensity of the light-emitting element 38 
corresponds to the output voltage of the secondary winding 
18: any change of voltage of the applied alternating-current 
will be. sensed substantially instantaneously by the light 
emitting element 38. A decrease in light intensity will cause a 
corresponding increase in resistance of the light-responsive re 
sistance element 36, and an increase in light intensity will 
cause a corresponding decrease in resistance of the light 
responsive resistance element 36. Therefore, the change in re 
sistance value of the light-responsive resistance element 36 
will cause a corresponding change in the phase angle at which 
the current control device 20 is rendered conductive to regu 
late the voltage at the circuit portion 16. 

Referring now to FIG. 2 there is seen an alternate arrange 
ment of the voltage regulator circuit of this invention as incor 
porated in a power supply suitable for use in color television 
sets. Here a pair of input circuit lines 51 and 52 are arranged 
for connection to any suitable source of alternating-current 
voltage vand wherein there is provided a high-frequency ?lter 
choke 53 connected in transformer relation in each of the 
lines 51 and52 to buck out and substantially eliminate all 
high-frequency noise and signals which may be impressed on 
the applied voltage. The power from lines 51 and 52 is 
delivered to a primary winding 54a of a transformer 54 
through an on-off switch 56. in accordance with this inven 
tion, a bidirectional current control device 57 is connected in 
series with the other end of the primary winding 54a and is 
rendered conductive at the appropriate phase angle by means 
of a light-responsive resistor. Any suitable overload protection 
device such as a fuse 58 may be connected in series with one 
of the lines 51 and 52. ' 

The several secondary windings of transformer 54 may have 
any suitable turn ratio as is necessary for the proper operation 
of a television set, or the like. For example, a secondary wind 
ing 54b may be provided for producing suitable heater-?la 
ment voltage to the picture tube of a television set, and a 
secondary winding 54c may be provided for substantially in 
creasing the voltage value of the applied alternating-current 
voltage to a value in the order of 350 to 400 volts which is 
used as 8+ and is applied to the various circuit components as 
represented by a load 60. Also, if desired, a top 54d may be 
provided on the secondary winding 54c to apply an alternat 
ing-current voltage to an automatic degaussing circuit within a 
color television set in the usual and well-known manner. 
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A bridge rectifier circuit 62 has its AC input terminals con 

nected to the secondary winding 54c and its DC output ter 
minals connected between a circuit line 64 which is connected 
to ground potential and a circuit line 66 which is connected to 
a filter network 68. Here the ?lter network 68 is illustrated as 
comprising a pair of series inductors 70 and 72, a resistor 74, 
and a pair of capacitors 76 and 78. However, it will be noted 
that ‘the particular arrangement of the ?lter circuit com 
ponents may be altered or changed as desired. I 
A third secondary winding 54e has the output thereof con 

nected to a light-emitting element 80 through a fixed resistor 
82 and a variable resistance 84. The light-emitting element 80 
is positioned adjacent a light-responsive resistance element 
86, they preferably being located within a common housing in- v 
dicated by reference numeral 88. The light-responsive resistor 
86 functions in substantially the same manner as the light 
responsive resistor 36 of FIG. 1 to'control the phase angle at 
which the current control device 57 is rendered conductive to 
allow current to ?ow through the primary winding 54a of 
transformer 54. To this end, light-responsive variable re 
sistance element 86 is connected to a circuit point 90 between 
a pair of resistors 92 and 94 which, in turn, are connected to 
one end of a pair of capacitors 96 and 98, respectively. The 
juncture of capacitor 96 and resistor 92 are connected to a 
bidirectional threshold-switching device 100 which, in turn, is 
connected to the gate electrode 570 of the current control 
device 57. The charging current is applied to capacitor 98 
through a series resistor 99 connected to the primary winding 
54a of a‘ transformer 54. The voltage-regulated portion of 
power supply 50 functions in substantially the same manner as 
that disclosed with regard to FIG. 1 and further explanation is 
deemed unnecessary. ' ' 

in the arrangement’ shown in FIG. 2 the load 60 may draw 
current in the order of 1 amp. more or less, and the 
capacitance values of capacitors 76 and 78 together with the 
resistance value of resistor 74 are selected so as to supply cur~ 
rent to the load 60 at a sufficient rate so that the integrated 
value of current pulses through the primary winding 54a 
results in a regulated DC voltage output. _ ‘ ' 

Some of the advantages obtained by using the voltage regu 
lator circuit of this invention are: the regulator circuit has in 
ternal feedback regulation rather than ‘an external feedback 
by means of a control voltage or control current; the regulator 
circuit does not need an isolation transformer since the con 
trol element, i.e., the light bulb 38 or 80, is not connected to 
the primary of the transformer; the need of an oscillator cir 
cuit is eliminated thus eliminating 'the need of a separate 
power supply for such oscillator circuit; and the voltage level 
at which regulation will begin can be set at any desired level, 
here it being in the order of about 30 volts at the input lines 12 
and 14 or $1 and 52. 
Although a step-up transformer is shown in the illustrated 

embodiments it will be understood that a step-down trans 
former, or both, may be used. as well as a transformer having a 
one-to-one ratio. Also, there could be a number of taps on the 
secondary windings as well as on the primary winding to 
supply voltage to various circuit points, and all such taps 
would be regulated. Also it will be understood that the ener 
gizing voltage to the light bulb 38 or 80 could be obtained 
directly from the main secondary winding 1812 or 54c since the 
voltage applied to the bulb is adjusted by a variable resistance 
element. 
By utilizing the voltage regulator circuit of this invention in 

electronic equipment which has electron tubes as its active 
elements, heater-filament voltage is accurately controlled 
within prescribed limits and the usable life of such electronic 
tubes can be greatly increased, in some cases by as much as 50 
percent. This is particularly desirable for controlling the 
heater-?lament voltage on television picture tubes which are 
relatively expensive to replace, especially a tri-gun color 
television picture tube. 

Therefore, the voltage regulator of this invention provides 
efficient and inexpensive means for controlling the voltage 



3,599,082 
5 

value applied to any suitable load to a given predetermined 
voltage value regardless of voltage variations at the input line 
of the voltage regulator. 

I claim: ' 

1.. A voltage regulator circuit comprising in combination, a 
transformer having a primary winding for connection to a pair 
of input lines for receiving‘alternating-current voltage to be 
regulated, a ?rst secondary winding for connection to output 
circuit lines for supplying a regulated load current to a load, 
and a second secondary winding for developing a voltage out 
put which varies in response to voltage variations of the ap 
plied alternating-current voltage, a bidirectional current con 
trol device having load electrodes connected in series with 
said primary winding, and a control electrode for receiving 
control signals, a light-responsive resistance element con 
nected in circuit with said control electrode to vary the phase 
angle at which said current control device is rendered conduc 
tive by the alternating-current voltage, a light-emitting ele 
ment connected in circuit with said second secondary winding 
of said transformer to produce a light intensity output respon 
sive to the voltage value developed in said second secondary 
winding, said light~emitting element positioned in light-trans 
mitting relation to said light-responsive resistance element to 
vary its resistance value with changes in light intensity which 
varies the phase angle at which said current control device is 
rendered conductive and causes a corresponding variation in 
alternating-current voltage at said primary winding to vary the 
voltage output of said ?rst secondary winding. 

2. The voltage regulator circuit of a claim 1 wherein said 
bidirectional current control device is a bidirectional mul 
tilayer current control recti?er. 

3. The voltage regulator circuit of claim 1 further including 
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6 
a manually adjustable resistance means connected in circuit 
with said second secondary winding and said light-emitting 
element manually to adjust a given light intensity from said 
light-emitting element to set the desired voltage output from 
the voltage regulator circuit. 

4. The voltage regulator circuit of claim 1 including a ?rst 
capacitor connected in circuit with the control electrode of 
said current control device, a resistor connected in series with 
said ?rst capacitor and arranged for receiving current directly 
from said primary winding to apply a charge to said capacitor, 
corresponding substantially to the applied alternating-current 
voltage, said light-responsive resistance element connected 
across said first capacitor to vary the RC time constant thereof 
in response to the resistance value of said light responsive re 
sistance element to control the phase angle of the ?ring if said 
control device, and coupling means connected between said 
?rst capacitor and the control electrode of said current con 
trol device for applying said control signal thereto. 

5. The voltage regulator circuit of claim 4 wherein said 
coupling means include a threshold-switching device con 
nected in series with the gate electrode of said current control 
device and the output of said ?rst capacitor. 

6. The voltage regulator circuit of claim 5 including a 
second capacitor, ?rst and second resistance elements con 
nected between respective ends of said ?rst and second 
capacitors to form a common circuit point between said ?rst 
and second resistance elements, said light-responsive re 
sistance elements being connected to said common circuit 
point to control the rate of charge of said ?rst and second 
capacitors in response to the amount of light impinged thereu 
pon by said light-emitting element. 


