
Sept. 8, 1953 N. B. THARP 2,651,685 
BALANCED CIRCUIT FOR RADIO APPARATUS 

Filed July 14, 1948 

azars 
1242 area 
seaty 
sovree 

aloapa 
Z/pa/eza/?ce 

Irzbue 

WITNESSES: NVENTOR 

-6424 witson A 77tara. 
ATTORNEY 

  

  



Patented Sept. 8, 1953 2,651,685 

UNITED STATES PATENT OFFICE 
2,651,685 

BALANCED CIRCUIT FOR RADIO 
- APPARATUS 

Nelson B. Thiarp, Ellicott City, Md., assignor to 
Westinghouse Electric Corporation, East Pitts 
burgh, Pa., a corporation of Pennsylvania, 
Application July 14, 1948, Serial No. 38,696 

1 
This invention relates to vacuum tube circuits, 

and it relates more particularly to circuits for 
automatically equalizing the grid and anode cur 
rents of vacuum tubes working into a common 
load. 
In order to increase the power handling capac 

ity of vacuum tubes, it is common practice to 
connect them in parallel, push-pull, or push-pull 
parallel, in order that two or more tubes can 
work into a common load. When tubes are so 
connected, differences in their characteristics or 
in the characteristics of their circuit components 
may cause one tube to draw more anode current 
than another tube. Likewise, when the tubes 
are so-operated as to draw grid current, one 
tube. may draw more grid current than another 
tube. 
This invention provides a balancing circuit 

which will automatically balance the grid cur 
rents and the anode currents of vacuum tubes : working into a common load. 
An object of the invention is to balance auto 

matically, the anode currents of vacuum tubes 
Working into a common load. 
Another object of the invention is to balance 

automatically the grid currents of vacuum tubes 
working into a common load. 
The invention will now be described with ref erence to the drawing of which: 
Fig. 1 is a circuit schematic illustrating one 

embodiment of the invention as used with paral 
lel-connected vacuum tubes, and 

Fig. 2 is a circuit schematic illustrating another 
embodiment of the invention as used with push 
pull-connected vacuum tubes. - - - - 

Referring first to Fig. 1, the tubes fo, if and 
2 have their anodes connected together and to 
one end of the load inductance 3, the other end 
of which is connected to the positive terminal of 
the anode voltage supply source 14, the negative 
terminal of which is grounded. The grids of 
the tubes are connected together and through 
the coupling condenser 5. to an input circuit. 
The cathode of the tube 0" is connected to 

ground through the cathode bias resistor. 6; 
the cathode of the tube. f is connected to ground 
through the cathode bias resistor , , and the 
cathode of the tube 2 is connected to ground 
through the cathode bias resistor 8. 
The resistor 9 is connected to the cathode of 

the tube 0 and to the positive terminal of the 
bias voltage supply source 20, the negative ter 
minal of which is connected through the grid 
resistor 2 to the grids of the tubes 0, , and 
2. The cathode of the tube is connected 
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2 
through the resistor 22 to the positive terminal 
of the source 20, and the cathode of the tube 
f2 is connected through the resistor 23 to the 
positive terminal of the source 20. 
The values of the resistors (6, 7, and f 8 should 

be less than the values of the resistors 9, 22, 
and 23, so that the normal flow of the cathode 
currents is through the resistors 6, 7, and 8. 

In the operation of the embodiment of the 
invention illustrated by Fig. 1, if the tubes are 
operated so as to draw grid current, then if the 
grid current of the tube fo increases, this will 
cause an increased voltage drop through the 
resistor 9 which will cause the grid of the tube 
to be biased more negatively with respect to its 
cathode, thus decreasing the grid current. Like 
Wise, if the grid currents of the tubes and 2 
increase, the increased voltage drops through the 
resistors 22 and 23 will cause the grids of the 
tubes and 2 to be biased more negatively with 
respect to their cathodes, thus causing them to 
draw less grid current. 

Regardless of whether or not the tubes draw 
grid current, if the anode current of the tube 
0 increases without a corresponding increase in 

the anode currents of the tubes if , and 2, the 
voltage drop across the resistor 6 will increase, 
causing the cathode of the tube 0 to become 
more positive than the cathode of the tubes 
and 2, with the result that there will be a cur 
rent flow between the cathodes through the 
resistors 9, 22, and 23. The resulting voltage 
drop through these resistors adds to the nega 
tive bias on the grid of the tube 0, and sub 
tracts from the negative bias on the grids of the 
tubes if and 2. This will result in the tube 
0 drawing less anode current, and in the tubes 
and 2 drawing more anode current, thus 

balancing the load on the tubes. Likewise, if 
the anode current of either of the tubes or 2 
increases without a corresponding increase in 
the-anode current of the other tubes, the cathode 
of the tube with the increased current flow Will 
become more positive, resulting in the flow of 
Current between it and the cathodes of the other 
tubes, resulting in the tube drawing the greatest 
anode current having its grid biased more nega 
tively, and resulting in the grids of the other 
tubes being biased more positively, with the re 
Sult that the loads on the tubes are balanced. 
In the embodiment of the invention illustrated 

by Fig. 2, the tubes 29 and 30 are connected in 
push-pull with their anodes connected to the 
opposite ends of the load inductance 3, the 
center point of which is connected to the positive 
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terminal of the anode voltage supply source 32, 
the negative terminal of which is grounded. 
The cathode of the tube 29 is connected 

through the cathode resistor 33 to ground. The 
cathode of the tube 3) is connected through the 
cathode bias resistor 34 to ground. The resistors 
25 and 26 are connected in series and to the 
cathodes of the tubes 29 and 3), and their mid 
point connection is connected through the re 
sistor 27 to the positive terminal of the bias. 
voltage Supply source 28. The grid resistors 
39 and 4 are connected in series and to the 
grids of the tubes 29 and 39, and their mid-point 
connection is connected to the negative terminal 
of the source 28. 
The input signal is applied through: the cou 

pling condensers 4 and 42 to the grids of the 
tubeS 29 and 3. 
The values of the resistors 33 and 34 should 

be less than the values of the resistors 25 and 26, 
So that the normal flow of the cathode current. 
is, through the resistors 33 and 34. 
In the operation of the embodiment of the in 

vention illustrated by Fig. 2, if the tubes are 
operated to draw grid current, and if the tube. 29 
dra WS more grid current than the tube. 33, the 
increased voltage drop through the resistor 25 
Will cause the grid of the tube 29 to be biased 
more-negatively. With respect to its cathode, thus 
decreasing the grid current. 
grid current of the tube 3 increases, the in 
Creased Voltage drop through the resistor 25 Will 
cause the grid of the tube 36 to be biased more 
negatively with respect to its cathode, thus de 
creasing the flow of grid current. 

Regardless of whether or not the tubes 2 and 
30 draw grid current, if the anode current of the 
tube 29 increases without, a corresponding in 
crease in the allode current of the tube 3), the 
Woltage drop across the resistor 33 will increase, 
Causing the cathode of the tube 29 to become 
more positive than the cathode of the tube 33, 
With the result that there will be a flow of cul 
rent, through the resistors 25 and 23. The re 
Sulting voltage drops through these resistors add 
to the negative bias to the grid of the tube 29 
and subtract from the negative bias on the grid 
of the tube 39, resulting in the tube 29 drawing 
less anode current and resulting in the tube 30 
drawing anore anode current, so that the load. On 
the: tWo tubes tends to balance. In the same 
way, if the tube 30 draws more anode current 
than the tube 29, the flow of Cathode current 
through the resistors 25 and 26 will result in the 
grid of the tube 3 being biased more negatively, 
and Will result in the grid of the tube 29 being. 
biased more positively, so that the anode cur 
'ents tend to balance. 
The load inductances connected in the anode 

circuits of the tubes may be the primary wind 
ings of output transformers or may be tank coils, 
Of other forms of loads. 

Each of the push-pull-connected tubes 29 and 
30 of Fig. 2 may have other tubes connected in 
parallel with it, as iliustrated by Fig. 1. 
I claim as my invention: 1. An electrical System comprising a plurality 

of Wacuum tubes having at least control grids, 

Likewise, if the 
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4. 
cathodes, and anodes; an anode voltage supply 
source; an output load circuit for said tubes; 
means connecting the anodes of Said tubes 
through said load circuit to the positive termi 
na of said source; an independent bias voltage 
Supply source having its negative terminal con 
nected to the control grids of said tubes; resistors 
connecting said cathodes to the positive termi 
nal of Said bias Voltage Supply Source, bias re 
sistors connecting said cathodes to the negative 
terminal of said anode voltage Supply source, 
and an input, circuit connected to said grids. 

2. An electrical system comprising a plurality 
of vacuum tubes having interconnected control 
grids and interconnected anodes, and having 
cathodes; an anode voltage supply source; an 
output load circuit; means connecting Said 
anodes through said load circuit to the positive 
terminal of said supply source; an independent 
bias voltage supply source having its negative 
terminal connected to said control grids; re 
sistors connecting said cathodes to the positive 
terminal of said bias voltage Supply source, bias 
resistors connecting said cathodes to the nega 
tive terminal of said anode voltage Supply source, 
and an input circuit connected to Said grids. 

3. An electrical system comprising a pair of 
vacuum tubes. having control grids, cathodes, 
and anodes; an input circuit connected push 
pull to said grids; a load circuit connected push 
pull to Said anodes; an anode voltage supply 
source having its positive terminal connected 
through Said load circuit to said anodes; grid 
resistors connected in Series between Said cor 
trol grids; a bias Voltage supply source having 
its negative terminal connected to the mid-point 
connection of said resistors; other resistors con 
nected in series between Said cathodes, the posi 
tive terminal of the latter said source being con 
nected to the mid-point connection of Said other 
resistors, and bias resistors connected in series 
between said Cathodes and having their mid 
point connection connected to the negative ter 
minal of said anode Voltage Supply source, there 

; being no fixed electrical relationship between 
the negative terminal of the bias voltage supply 
Source and the negative terminal of the anode: 
voltage Supply Source. 

4. The electrical System of claim 2, in which 
said control grids are directly connected to 
gether. 

5. The electrical System of claim 2, in which 
said anodes are directly connected together. 

6. The electrical System of claim 2, in which 
said control grids are directly connected to 
gether, and said anodes are directly connected 
together. 
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