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This invention relates to voltage regulation. More par 
ticularly, this invention relates to the voltage regulation 
of an arbitrary load when it is one of a number of loads 
connected in parallel, at least one of the other loads 
being variable. This invention also relates to the voltage 
regulation of an arbitrary load supplied with DC. power 
from a DC. power source which supplies the arbitrary 
load and other loads in a television receiver, at least one 
of the other loads being variable. 

It is often desired to supply power from a power source 
through a voltage regulator to two or more loads. If one 
of these loads is variable, however, and the current de 
manded by the load is increased, the output voltage of 
the voltage regulator will decrease as the demand for ad 
ditional current is met. This decrease in the output volt 
age of the voltage regulator is due to the increased volt 
age drop across the voltage regulator caused by a larger 
current passing through the internal resistance of the volt 
age regulator to meet the increased current demand of 
the variable load. 

Conventional, simple voltage regulators have what is 
commonly termed a drooping characteristic, i.e., a graph 
showing output voltage of the regulator plotted against 
output current thereof will be a substantially straight line 
exhibiting a slowly decreasing output voltage with increas 
ing output current over the operating range of the volt 
age regulator. Stated in another way, the voltage regula 
tion achieved with such a voltage regulator is not perfect. 
This presents a substantial problem in a television re 
ceiver, for example, where it is desirable to be able to feed 
?xed and variable loads from a single DC. power source. 
As an example, in a television receiver that includes a 
Class B push-pull audio ampli?er and a horizontal de?ec 
tion circuit, it is desirable to employ a single DC. power 
source for both circuits. However, for proper operation 
of the horizontal de?ection circuit, which is a substantial 
ly ?xed load, a well regulated B+ is required, since, as 
B-l- decreases, the picture size also decreases. On the 
other hand, a Class B push-pull audio ampli?er has vary 
ing current requirements with varying signal input. 
Changes in the current drawn by the ampli?er will cause 
variation in the DC. output voltage, 3+, of the voltage 
regulator, because the voltage regulation of the regulator 
is not perfect. Consequently B+ for the horizontal de?ec 
tion circuit will vary with the aforementioned undesirable 
consequences. 

In accordance with this invention, there is provided a 
circuit which will maintain the voltage supplied to an 
arbitrary load at a substantially constant value, while 
also supplying the varying current requirements of a vari 
able load. This is achieved, in accordance with this inven 
tion, by sensing and supplying to a voltage regulator a 
signal that is not just the output voltage of the regulator, 
as has been done in the past, but which includes a com 
ponent indicative of the current drawn by only the varia 
ble load. 

This invention will become more apparent from the 
following detailed description, taken in conjunction with 
the appended drawings, in which, 
FIGURE 1 is a block diagram illustrating this inven 

tion, and 
FIGURE 2 is a diagram, partly in block form, show 

ing how this invention may be applied in a television 
receiver. ' 
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Referring to FIGURE 1, there is shown a power source 

10, which may be A.C. or D.C., but which will be con 
sidered as a DC. power source, that produces an un 
regulated and partially ?ltered DC. voltage, and which 
may be of any known type, a conventional voltage regu 
lator 11 having an output terminal 12, two loads desig 
nated load A and load B, the former being variable and 
the latter being substantially ?xed, and a resistor R1. 
Load A requires good voltage regulation, whereas load B 
does not. 
DC. power from DC. power source 10 is supplied via 

a conductor 13 from the output terminal 14 of DC. 
power source 10 to the input terminal 15 of voltage regu 
lator 11. A regulated DC. voltage is supplied to the in 
put terminal 16 of load B via a conductor 17 connected 
between output terminal 12 of voltage regulator 11 and 
input terminal 16. Resistor R1 is connected between out 
put terminal 12 of voltage regulator 11 and the input 
terminal 18 of load A, and the DC. current supplied to 
load A passes through resistor R1. The DC. voltage at 
the terminal 19 of resistor R1 is equal to the difference 
between the DC. output voltage V0 of voltage regulator 
11, which voltage appears at output terminal 12, and the 
voltage drop IARI across resistor R1 caused by the pas 
sage through resistor 21 of the DC. current IA to meet 
the demands of load A. The voltage at terminal 19 is fed 
back to voltage regulator 11 via a conductor 20 and 
results in variations in the internal resistance of voltage 
regulator 11 that are such as to maintain V0 substantial 
ly constant while IA varies. 
How this is achieved may best be explained in connec 

tion with FIGURE 2 in which the same reference nu 
merals as used in FIGURE 1 indicate the same com 
ponents as designated FIGURE 1, and wherein load A 
is a Class B push-pull audio ampli?er 21 of a television 
receiver, while load B is the horizontal deflection circuit 
22 of the television receiver. Loads 21 and 22 have signal 
input terminals 21a and 22a respectively. 

Before a description of FIGURE 2 is commenced, how 
ever, it should be noted that if power source 10 is an 
A.C. power source, resistor R1 could be a capacitor or 
an inductance coil dependent on the nature of load A. In 
other words, if a DC. voltage is being supplied to load A 
and regulated, resistor R1 must be a DC. impedance. If 
an A.C. voltage is being supplied to load A and regulated, 
resistor R1 could be replaced by an A.C. impedance such 
as a capacitor or an inductance coil. 
Voltage regulator 11 of FIGURE 2 is conventional in 

nature and includes two transistors TR1 and TR2 of dif 
ferent conductivity type, resistors R2 and R3, a Zener 
diode D1 and a potentiometer P1 having a slider 23. 

Input terminal 15 is connected to the emitter electrode 
of transistor TR2, while the collector electrode thereof 
is connected to output terminal 12. Resistor R2, which 
merely provides a path for starting current, and which 
performs no function when voltage regulator 11 is oper 
ating, is connected between the emitter and collector elec 
trodes of transistor TR2. 
The collector electrode of transistor TR1, which may 

be referred to as the error signal amplifying transistor, 
since this is the function performed thereby, is directly 
connected to the base electrode of transistor TR2, which 
may be referred to as the series regulating transistor. The 
emitter electrode of transistor TR1 is connected through 
resistor R3 to ground. The base electrode of transistor 
TR1 is directly connected to slider 23 of potentiometer 
P1, the latter component being connected between output 
terminal 12 of voltage regulator 11 and ground. 

Zener diode D1 is connected via conductor 20 and a 
conductor 24 between terminal 19 and the emitter elec 
trode of transistor TR1. In the past no resistor R1 has 
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been provided, and Zener diode D1 has been connected 
to output terminal 12. 

For purposes of discussion it will be assumed that it 
is desired to maintain the DC. output voltage V0 of volt 
age regulator 11 at output terminal 12 at ten volts, and 
that the Zener voltage (drop across Zener diode D1) is 
seven volts. Under normal operating conditions, the volt 
age drop across resistor R3 then will be threevolts, and 
slider 23 will be set so that the voltage drop between 
slider 23 and, ground will be just slightly greater than 
three volts. . 

Suppose now that load 21 demands additional DC. 
current. The additional DC. current to meet this demand 
will flow from D.C. power source 10 through voltage 
regulator 11 and resistor R1 to load 21, and voltage V0 
will decrease relative to ground, say to nine volts, because 
of the increased voltage drop across voltage regulator 11 
due to the larger current now passing through the voltage 
regulator. If Zener diode D1 were connected to output 
terminal 12, the resultant decrease in V0 to nine voltts 
would cause the impedance of transistor TR2 to decrease, 
because the base to emitter voltage of transistor TR1 
would increase, since the voltage drop across Zener diode 
D1 is ?xed at seven volts and the change in voltage across 
resistor R3 (one volt) would be greater than the change 
in voltage between slider 23 and ground, thus causing 
transistor TR1 to draw more current, and thus causing 
V0 to increase, but, because of the drooping characteristic 
of voltage regulator 11, V0 would not return to the value 
it had prior to the increase in current delivered to load 
21. However, in accordance with this invention, the volt 
age which is sensed and fed back to voltage regulator 
11 is not just the DC. output voltage V0 thereof, but 

where 121 is the D.C. load current supplied to load 21. 
This voltage obviously is less (relative to ground) than 
V0, so that in this case the error signal, which is the base 
to emitter voltage of transistor TR1, is larger (relative to 
ground) than the error signal which results when Zener 
diode D1 is connected to output terminal 12 and includes 
a component that is dependent on the magnitude of the 
current drawn by load 21 alone. 
The increase in the base to emitter voltage of transistor 

TR1 which results under the foregoing conditions causes 
the internal impedance of regulator 11 (the emitter to 
collector resistance of transistor TR2) to decrease, and 
to decrease more so than if Zener diode D1 has been 
connected to output terminal 12. This has the effect of 
returning V0 to its original value, while also permitting 
load 21 to draw the larger current demanded. By proper 
selection of resistor R1, which generally will be quite 
small in value, say of the order of one ohm, the voltage 
regulation of voltage regulator 11 can be made almost 
perfect over a de?nite operating range. It is even possible 
by varying the value of resistor R1, to cause overcom 
pensation. 

Those skilled in the art will appreciate that other volt 
age’regulators than the one illustrated may be used in 
the practice of this invention, and vacuum tube type volt 
age regulators may be employed. Other reference voltage 
sources such as a battery may be employed in place of the 
Zener diode. It also will be apparent that this invention 
may be used ‘with more than one variable load to com 
pensate for the undersirable effects on one arbitrary load 
that otherwise would be caused by variations of the varia 
ble loads. 
While a preferred embodiment of this invention has 

been disclosed herein, those skilled in the art will ap 
preciate that changes and modi?cations may be made 
therein without departing from the spirit and scope of 
this invention as de?ned in the appended claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 
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1. In combination, a power source for producing a 

voltage and current; a ?rst load, said ?rst load being vari 
able and demanding varying amounts of said current from 
said power source; a second load; a voltage regulator 
for maintaining the voltage supplied to said second load 
from said voltage regulator substantially constant during 
variations in the current demanded by said ?rst load, said 
voltage regulator having ?rst and ‘second input terminals 
and an output terminal; means connecting said power 
source to deliver power to said ?rst input terminal; means 
connecting said output terminal to said second load to 
deliver a regulated voltage thereto; and means connecting 
said output terminal to said ?rst load to deliver power 
thereto, said last-mentioned means including an imped 
ance connected in series between said output terminal 
and said ?rst load, said second input terminal being con 
nected between said impedance and said ?rst load to 
supply a signal to said voltage regulator to increase the 
internal resistance thereof in response to an increase in 
said signal and to decrease the internal resistance thereof 
in response to a decrease in said signal. 

2. The invention according to claim 1 wherein said 
impedance is a resistor. 

3. The invention according to claim 2 wherein said sig 
nal is the difference between the voltage appearing at said 
output terminal and the voltage drop across said resistor 
due to passage through said resistor of the current sup 
plied to said ?rst load from said output terminal. 

4. The invention according to claim 1 wherein said 
voltage regulator includes ?rst and second transistors each 
having a base electrode, a collector electrode and an 
emitter electrode, a source of reference voltage, a ?rst 
resistor and a potentiometer having a slider, means con 
necting said potentiometer between said output terminal 
and a reference potential, means connecting said ?rst re 
sistor in series between said emitter electrode of said ?rst 
transistor and said reference potential, means connecting 
said source of reference voltage between said second in 
put terminal and said emitter electrode of said ?rst tran 
sistor and in series with said ?rst resistor, means connect 
ing said slider and said base electrode of said ?rst tran 
sistor, means connecting said emitter electrode of said 
second transistor and said ?rst input terminal, means con 
necting said collector electrode of said second transistor 
and said output terminal, and means connecting said col 
lector electrode of said ?rst transistor and said base elec 
trode of said second transistor. 

5. The invention according to claim 1 wherein said 
source of reference voltage is a Zener diode. 

6. The invention according to claim 5 wherein said im 
pedance is a resistor. 

7. The invention according to claim 6 wherein said 
signal is the difference between the voltage appearing at 
said output terminal and the voltage drop across said re 
sistor due to passage through said resistor of the current 
supplied to said ?rst load from said output terminal. 

8. In a combination, a power source for producing a 
voltage and current; a ?rst load, said ?rst load being vari- 
able and demanding varying amounts of said current from‘ 
said power source; a second load; a voltage regulator for‘ 
maintaining the voltage supplied to said second load from 
said voltage regulator substantially constant during varia 
tions in the current demanded by said ?rst load, said volt 
age regulator having an input terminal and an output ter 
minal; means connecting said power source to deliver 
power to said input terminal; means connecting said out 
put terminal to said second load to deliver a regulated 
voltage thereto; and means including an impedance con 
necting said output terminal to said ?rst load to ‘deliver 
power thereto; said voltage regulator including means con 
nected between said ?rst load and said impedance for 
sensing a ?rst voltage that varies in accordance with the 
voltage supplied to said ?rst load, means connected to 
said output terminal for sensing a second voltage that 
varies in accordance with the voltage supplied to said sec 
ond load, means for deriving an error voltage from said 
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