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The present invention relates generally to ram 
pli?er circuits. More speci?cally, the present 
.invention relates to control circuits for parallel 
connected ampli?er tubes wherein both a variable 
D. C. bias voltage and a signal potential are ap 
plied to each ampli?er grid element. 
Tube manufacturers usually keep up with the 

' industrial need for tubes having a large current 
rating. However since consumer need always 
precedes ultimate production, industry has found 1 
it necessary to electronically control blocks of 
current which are too heavy for any single avail, 
able tube. When this problem arises, the only 
design “out” is to use a parallel bank, so that the 
large load current can be divided. The use of a 1 
plurality of tubes to divide the total load current, 
though solving the problem of keeping plate cur- ~ 
rent ?ow in each tube below maximum safe oper 
ating limits, involves a new problem of controlling 
the platecurrent excursions in the various tubes. ' ‘ 
It is with this latter problem that we are con 
cerned here. . , . > 

Slight variations in amplifying characteristics 
among tubes having identical manufacturers rat 
ings obviously cause variations in the plate cur 
rent excursion rates. Though a slight diiference 
in the rate of plate current change is not too im 

re 

portant in most installations, any sizeable differ- f 
ence as wellas any diiierence in the maximum, 

. plate current drawn by different tubes in the , 
parallel bank is objectionable. 
The problem has been met by prior art teach 

ings through use of an individualbias control for 
each parallel connected tube in‘ addition» to an 
individual input signal amplitude control for eachv 
:tube. _By this means, the operating point on the 

, characteristic curvev for each tube is separately 
selected and also the amplitude of the input sig 
nal, or the signal swing around the chosen oper 
ating point, is also separately selected. Though 
the prior art circuits have merit in that a plural 
ity of tubes may be operated in parallel, a simpli 
?ed control system would be desirable for use - 
Where a parallel bank must include three or more 
tubes. 7 ‘ 

Where tubes are operated in parallel in a con 
ventional circuit, the operator is forced to dy 
namically balance the load current by applying a 
signal or “tone” frequency as well as apply the’ 
correct bias voltage to balance the “idle” current 
?owor the plate current ?owing in the absence 
of a grid signal. Usually the input signal trans 
former secondary has a large number of taps one 
of which must be selected to effect a dynamic bal 
ance. Especially is this true when three or more 
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tubes are involved, making the problem of load 
division rather complex and making the mainte 
nance problem very di?icult. ' 

It therefore becomes ageneral object of my in- V 
vention to simplify the ampli?er control network 
in a parallel-bank type of circuit. 
A second factor, that is involved in the need 

for the present invention, arises primarily be 
cause of the high cost of kilowatt rated ampli?er 

production cost. Also, tubes of this size are usu 
ally rejected if there is any appreciable difference 
between their amplifying characteristic and the 
amplifying characteristic of the selected “norm” 
and of course the» cost of rejects must be. added 
to the cost of the tubes having acceptable charac 
teristics. Thus it would be desirableto devise a 
circuit wherein these “rejectsdcan be operated 
in parallel ‘ with tubes having correct normal 

7 characteristics. - 

I Therefore, a primary object of my invention is 
r' to devise a simpli?ed control means capable of 

controlling a parallel connected ampli?er bank ‘ 
in which tubes having slightly different plate cur- ' 
rent characteristics can operate side by side, each 
carryingits proportionate share of load current. 
A still further basic object of the present in 

vention is to provide a unitary means for control 
ling the plate current excursion of eachtube in a 
parallel connected ampli?er bank. ' ' 

In the illustrated embodiment of; my invention, ' 
I choose to show a push-pull type of ampli?er 
using three or more tubes inparallel on each side. 
The secondary of the input transformer has a 
bias source connected thereto along with a single 
potentiometer for each tube in the parallel bank. 
By connecting the potentiometers in parallel so 
that the same bias‘ voltage and the same signal is 
impressed across each potentiometer I make it 
possible to control the bias and signal voltage 
amplitude for each tube with a single unit.‘ After ’ 
adjusting the variable arms on the potentiome 
ters which are connected to the grid of each tube, 
so that the ‘.‘idle” current, that is the current 
drawnb'y each-tube in the absence of a signal is 
the same, I ?nd that there is always an equal 
division of plate current flow among the‘tubes 
when a signal is impressed upon the circuit.‘ In 
other words, I have found that there is a linear 
relationship between the signal amplitude and' ’ 
bias voltage required to maintain similar» plate 
current excursions in the various parallel con 

Lack of demand. causes tubes of this size 7 
to be predominantly handmade or at least prO- ~ 

, duced with a minimum of mass production tool- > ' 
:ing up vand‘a maximum of labor; Thus a high 
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nected tubes. For a better understanding of the 
present invention, together with other and fur 
ther objects, advantages and capabilities thereof 
reference is made to the following disclosure and 
appended claims in connection with the accom 
panying drawings, in which: 

Fig. 1 is a circuit diagram illustrating the 
teaching of the prior art; 

Fig. 2 is a circuit diagram showing the inven 
tion used in a push-pull ampli?er stage; and 

Figs. 3 and 4 are curves illustrating the opera 
tion of the control systems shown'in Figs. 1 and 2. 
In Fig. ‘l, I have shown a typical prior art class 

B operated push-pull type of ampli?er which 
uses three tubes in parallel on each side of the 
circuit to modulate a 200 kw. transmitter. An 
A. C. signal can be assumed to be taken from 
the secondary of transformer H), which has a 
center tap to ground, dividing the secondary in 
.to two parts. Also, I have shown a plurality of. 
taps,‘e. g'. 2% taps, connected to each half of 
the‘divided secondary. ' Of course’in actual prac 
tice it is not uncommon to use as many as 10 
taps on each side of the dividedsecondary, how 
ever, operation of the circuit of Fig. 1 can be 
adequately explained using only the three tape 
which I have shown. Each tap on the trans 
former is connected to a terminal on a plurality 
of switching device such as units H, l2 and 13. 
,The variable arm on each switching device is- . 
connected via a blocking condenser coupling to 
the grid of an ampli?er tube. For example, 
switch arm I4, of device I l, is connected through 
condenser IE to grid N5 of tube 17. Also, switch 
arm l8, of switchydevice i2, is connected through 
condenser 19, to grid Zilof tube 2!. It can'be 
seen that tubes 22, 23,‘ 24 and 25 are similarly 
connected to‘ the secondary ‘of transformer I93. 
By adjusting the switch arm in the appropriate 
switching device, the operator can select the de 
sired amplitude of input signal impressed across 
the/grid of each tube. 
In order to keep the signal voltage from being 

dissipated in the low impedance bias source, a 
resistor, such as resistance 36, 3! and 32, is con 
nected‘between the grid of each tube and the 
variable arm on the appropriate potentiometer. 
These resistors having a very high value, keep 
the ‘bias source from loading the signal source. 
‘In operating the circuit before the signal can 

' be applied, the operator must first adjust the 
bias 'voltage'soas'to select the correct operat 
ing point, i. e. “idle” current, for each tube. ‘For 
purposes of explaining how the correct bias volt 
age is selected; reference will be made to the 
curvesshown in Fig. 3. Though this set,' of 
curves as well as the curves shown in Fig. dare 
not exactduplicates of any actual character 
istic. curves, they are adequate for the purpose 
of explaining circuit operation. In Fig. 3 is 
shown a conventional e‘g/ip set of coordinates 
with eg plotted on the abscissa and is plotted on 
the ordinate. If it be assumed that the eg/ip 

‘ characteristic of tube 2! in Fig. 1 can be shown, 
by a curve similar to curve 10, and that curve 
‘Hjillustrates the eg/ip characteristic of tube 22, 
it ‘can be shown that different‘ bias potentials 
must be applied to the grid circuits of these two 
tubes in order to cause identical “idle” current 
flow. 

If both tubes have a control circuit bias po 
, tential impressed which is equal in magnitude 
to, point 0 on curve ‘ill, a vertical projection of 
point 0 which intersects curve ‘H indicates the 
idle ‘current which would flow in the tube of 

10 

4 
curve 1!. 
in the tube of curve ‘it is low and equal to ipi, 
while the idle current in the tube of curve ‘H is 
high and equal to ipo. It now becomes obvious 
that two tubes having different amplifying char 
acteristics can not be operated in parallel so as 
to have equal idle current ?ow, unless a diiierent 
bias potential is applied to each grid circuit. 
In actual practice, the correct grid bias is chosen 
by placing a meter in each cathode circuit and 
adjusting the bias voltage until all meters show 
that the selected and the same idle current is 
flowing in each tube. In our case this would be 

' ipi as shown in Fig. 3. 

4-0 
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After the operator balances the idle current 
flow in the various parallel connected tubes, 
then the circuit must by dynamically balanced, 
or balanced for operation under signal condi— 
tions." A dynamic balance is reached by using 
a cut-and-try process to select the correct 2% 
taps while a signal or tone source is driving the 
grids through the input transformer. 

This cut-and-try process requires two adjust 
ments forv each tube and when a plurality of 
tubes are operated in parallel the operation is 
somewhat tedious unless a very large number of 
taps are supplied on the input transformer sec 
ondary. Experience has shown that the main 
tenance problem grows by leaps and bounds with 
each increase in the number of take-off taps 

’ used. 

InEig. 2 I have illustrated an embodiment of 
my, invention using a push-pull type ampli?er, ' 
preferably operated in class B. Again I have 
used three tubes in parallel on each side of the 
push-pull circuit. As the explanation unwinds 
it will become obvious that this simpli?ed-con 
trol system is equally applicable to circuits using 
more or less than three tubes in parallel as well 
as to circuits other than those of the push-pull 
type. ' 

A signal is developed across the, secondary of 
the transformer which has a center tap con 
nected to a negative source of bias potential. 
The remaining two terminals of the transformer 
secondary are each connected to one side ofidif 
ferentbanks of parallel connected potentiome 
ters. Onebank, or the top illustrated bank, is 
composed of potentiometers Ill, 42 and‘ 53 all 
connected in parallel. The other bank, or the 
lower illustrated bank of potentiometers, com 
prises potentiorneters 44, t5 and 46. The other 
terminal of the. upper illustrated bank is con 
nected .to ground through resistance 41 ‘while 
the other terminal of the lower bank of poten 
tiometers is connected to ground. through resist 
anceAB. It can beseen that the source of nega 
tive biaspotential whichgis connected, between 
the secondary of transiormer wand ground will 
cause a currentilow throughresistance. 4,1, the 
upper illustratedpotentiometer bank, including 
potentiometers 5.5, 42 and 43,, and one, half of 
the secondary of. transformer. 40., This .bias 
source will also cause current flow from ground 
through resistance 68, the, lower illustrated po 
tentiometer. bank. and theremaining half .of the 
secondary oi transformer. All. Resistors 4'1 and 
418 have equal resistan'cevalues, and the resist 
ance of each potentiometenbankgis also identical. 

. Because of this circuit symmetry there aregtwo 
DJC. currents?oiving in the secondary ofrtrans 
former 48 in oppositedirections, each in a sepa 
ratehalif‘ of thewinding thereby inducing an 
equalandwopposite‘?ux in the transformer core. 
Since the flux set up by one current bucks-the 

It will be seen that the idle currentv 
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?ux set up by the other current, as far as the 
transformer secondary is concerned, it' is the 
same as if no current ?owed through it from‘ the 
bias source. Inother words, this type of sym 
metrical connection avoids D. C. saturation._ 
The variable arm on each'potentiometer is con 

nected to the grid of a separate tube. Forvex 
ample. the upper potentiometer bank, which is 
used to control tubes t9, 5!! and 5i has ‘three 
variable potentiometer arms. Potentiometer arm 
54 of potentiometer i2 is connected to grid 55 
of tube 5t. Also potentiometer arm 58 of po 
tentiometer iii is connected ,to grid‘ 5'! of tube 
5!. 
between the lower potentiometer bank and the 
grids of tubes 58, 59 and 66; r 

In order to understand how my novel circuit 
operates reference should again be made to Fig. 
3, where I have shown two signals having equal 
amplitudes, each one swinging about the oper 
ating point on a diiierent tube characteristic. 
Signal curve 72 is shown as swinging around the 
operating point on curve ‘H, which in this case’ 
represents the characteristics of tube 59. Dotted. 
‘curve 13, having the same magnitude as wave '52 
is shown swinging around the‘o'perating point 
on curve "it, which represents the characteristics 
of tube d9. Projecting the peaks of .curve 12 and 
73 ‘upon the appropriate characteristic curve it 
can be seen that these two signals cause different 
peak plate current ?ow in the two tubes. A signal 
having the amplitude of curve 73 would cause 
tube [is to draw a peak plate current equal to 
2'p49, a value which is much higher than ipsn, the 
current which a signal of equal amplitude draws 
in tube 58. Since we must have equal plate 
current flow in the two tubes, it becomes neces 
sary to reduce the amplitude of the signal swing 
impressed across the grid circuit of tube it. 
Curve "iii represents the reduced amplitude of 
input signal swing. Vertically projecting the 
peak of curve is so that it intersects curve ‘It! 
shows that a reduced signal amplitude can be 
selected which makes the plate current flow in 
tube 49 equal to ip?o the current flowing in tube 
50. ‘ h 7 

Though this principle, of load division by re 
ducing the signalswing in some of the parallel 
connected tubes, was wellknown in the prior art, 
no one seemed to realize that there was a rela 
tionship between the percentage change in the 
signal amplitude and the percentage change in 
the necessary bias voltage magnitude. I have 
found that there is such a relationship between 
these voltages of which advantage can be taken 
to eliminate the old cut-and-try adjustment proc 
ess along with many circuit elements formerly 
deemed necessary. 

' To state the relationship, if tube 50 is con 
sidered as the “norm’? and the bias voltage ap- ’ 
plied to its grid circuit is considered to be the, 
standard, the percentage reduction of the “nor 
mal” bias voltage value which, when impressed 
on the grid circuit of tube 159, is necessary to 
cause ‘the same idle current to flow in the higher 
mu tube 119, is equal vto the percentage, by which 
the amplitude of the input signal fed vto tube 50 
must be reduced when fed to tube 49 inorder to 
make tube 49 draw the same maximum plate 
current as tube 50 on the peak of the input signal. 
This is a linear relationship. For example, if it 

. becomes necessary to have a 10% lower grid bias ' 
on the grid of tube 49 than that impressed on 
the grid of tube 56, in order to equalize idle cur 
rents, it is also necessary to have a signal im 

10 

Similar symmetrical connections are made ' 

pressed upon the grid of tube 49 which is 10% 
vlower in peak magnitude than the signal im 
pressed'upon the grid of tube 50. Thus, if it be 
assumed that the difference (11), as shown in 
Fig. 3, between the bias voltages supplied to 
tubes 49 and 50 is equal to 10% of the bias volt 
age supplied to tube 50, then the difference (1‘) ' 
between the amplitudesjof the input signals fed 
to these two tubes will also be equal to 10% of 
the amplitude (g) of the signal fed to tube 58. 
To show how I use this ratio in my vnovel 

circuit for purposes of simpli?cation, it will be re 
membered that each potentiometer in the par 
allel potentiometer bankof Fig. 2 has the same 
bias voltage impressed across it as is impressed 
across the remainder of the potentiometers. It 
will also be remembered that each potentiometer 

‘ has the same magnitude of input. signal im 
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pressed across it as is impressed across the re-; 
mainder of the potentiometers in the potentiom 
eter bank.» Thus, when any potentiometer arm 
is adjusted, for'example, potentiometer arm 56 
of potentiometer ill, both the bias voltage and 
the input signal are linearly adjusted in the 
same polarity direction by equal percentages. In 
other'words, when the contact on potentiometer 
arm 56 is movedtoward ground, the bias voltage 
and the amplitude of" the input signal fed to 
‘grid 57 of tube 5] are reduced by the same per--, 
centage. This means that, if the contact is 
dropped or moved toward ground to a point which 
reduces the grid bias voltage say 10% for ex 
ample, the amplitude of the input signal fed to 
grid 5? is also reduced 10%. - 
,Another way of looking at this is shown by 

the curves'illustrated in Fig. 4. Again the char 
acteristic curves of two tubes are shown; how 
ever, it must be realized that the principle in 
volved applies equally as well to the relationship 
between the input signal and operating bias ap 
plied to all of the tubes. The higher mu tube 

- which could be tube 49 can be assumed to have 
a characteristic such as that shown by curve 80, 
while the‘ lower mu tube which could be tube 50 
hasa characteristic curve similar to curve 8!. 
When the bias voltage is adjusted on each 

tube so as to make point (0) the operating point, 
each tube will draw an idle current having a 
magnitude equal to ipi. Inorderto better illus 
trate the'comparison between the input signal 
amplitudes which should be applied to each tube . r 
I have included a dotted version of, curve 80 
shifted over so that the operating point of this 
curve intersects the operating point on curve 8!. 
Now, assuming that the input signal of both of 
these tubes swings around this single operating 
point, the correct amplitude of input signal for - 
each tube can be plotted. If; the input signal 
for tube 58 has an amplitude similar to the 
amplitude of curve 82 then plate current will be 

_ drawn by this tube equal to inso- In order to draw 
the same plate current in tube 49 at the peak 
of the input signal, a signal having a peak am 
plitude similar to curve 83 ‘must be impressed 
upon the grid circuit of tube 49. ~ The difference 
in amplitude between these two signals is again 
indicated bythe letter 'J‘. The amplitude of sig 
nal .82 is again indicated by the letter g. The 
necessary bias for tube 50 is again shown as eg , 
and the difference in bias required for tube 50 
and tube 139 is again shown by the letter d. I 
have found that the relationship j/g=a'./eg holds 
true for the majority of tubes which are usually 

' rejected. . - 

75 After this rather exhaustive explanation, it 
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‘ can be seen that the unitary control device with 
which I control both'the bias voltage'amplitude 
and the signal voltage amplitude-for each, tube 
in the parallel bani: is capable‘ of' producing, 
in fact necessarily produces, the- above men 
tioned ratios. Therefore, with this simple con 
trol device I am able to divide a load current 
equally between the various tubes withoutrthe 
complexity of the cut-and-try process necessary 
in the prior art circuit shown in Fig. 1. All the 
operator has to do, in my novel circuit, is to ad 
just the potentiometer for each tube so that the 
same idle current is drawn by allot the. tubes 
and then apply a‘signal to the circuit. There is 
no cut-and-try process involved, because once 
the idle current is set, the circuit is automatically 
adjusted to dynamically divide theload current 
under signal conditions. 
While I do not desire to be limited to .any 

speci?c circuit vparameters, such parameters 
varying in accordance with individual‘ designs, 
the following circuit values have been found en 
tirely satisfactory in one successful embodiment 
of the invention, in accordance with Fig. 2: 

Potentiometers ill-t5--- 300 ohms 
Resistance 553,48 ______ __ 8875 ohms 

Tubes 419; 5t}, 5‘, >56, v59,~Federal 9628 or 125A 
80. ' 

Bias source (—6) ______ __ 3500 volts 

B+ ________ ___ ________ __ 12,000 volts 

While there has been shown and described 
what is at present considered the preferred em 
bodiment of the present invention, ‘it will be ob 
vious to those skilled in the art that various 

- changes and modi?cations may be made ‘(herein 
Without departing from the invention as de?ned 
by the appended claims. 

> Having thus described my invention, I claim: 
1..‘111'2tIl-3l‘1l131l?61' the combination compris 

ing arplurality of tubes having eg/z'p character 
istics such that substantially the same ratio ex 
ists in each tube between the bias potential and 
the peak signalv potential necessary to cause a 
given-platecurrent to flow, each tube having at 
least an ~anodaa'cathode and a control grid, 
means connecting the anodes of said tubes di 
rectly in parallel, means connecting the cathodes 
of said'tubes to a common equipotential- plane, 
an . output circuit, coupled between, said. parallel 
connected anodes and, said equipotential plane,‘ 
a ?rst terminal and a secondterminal, said sec 
ond terminal .ioeing D.-C. coupled to said ‘equi 
potential plane, a separately associated po 
tentiometer ,for each tube, each potentiom 
eter having a resistor element connected be 
tween said ?rst and said second terminals and 
a resistor-element variable contact arm, means 
for 11-0. coupling the control grid. of each of 
said tubes toits associated. potentiometer vari 
able contact arm, a source of signal voltage cou 

_ pled across said ?rst and second terminals,.and a 
source of bias voltage having a positive terminal 
D.-C. coupledto said second terminal and a nega 
tive terminal D.—C. coupled to said ?rst terminal, 
whereby the ampli?ers are adjusted for dynamic 
load current division by adjusting the potenti 
ometers so as to balance the idle current among 
the tubes, 
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;. 2.>In an ampli?er of the balanced parallel 

tube; type, the combination ‘comprising a ?rst 
terminal and a second terminal, a plurality of 

- potentiometers each having a resistance element 
connected between said ?rst and second termi 
nals and each having a variable contact, a source 
of signal voltage coupled between said ?rst and 
second terminals, a source of bias voltage hav 
ing a negative terminal D.-C. coupled to said ?rst 
terminal and a positive terminal D.-C. coupled 
tosaid second terminal, a plurality of ampli?er 
tubes each having eg/ip characteristics such that 
substantially the same ratio exists in each tube 
between the bias potential and the peak signal 
potential necessary to cause a given'plate cur 
rent to flow and each tube having at least acon 
trol grid, an anode, and a cathode, each of said 
tubes being associated with a separate poten 
tiometer, said anodes being connected to a ?rst 
common point. and said cathodes being con 
nected to a second common point, a source of 
anode potential and a load means series cou 
pled between said ?rst and said second common 
points, means for D.-C. coupling each one of 
said plurality of control grids to the associated 
potentiometer‘variable contact and means for 
coupling said second terminal to said common 
cathode point, whereby the ampli?er tubes are 
adjusted for dynamic load current division by 
adjusting the potentiometers so as to balance 
the idle current among the tubes. 

> 3. In an ampli?er of the balanced parallel tube 
type the combination comprising a ?rst terminal 
and a second terminal, potentiometer means 
connected between said ?rst and second termi 
nals having a plurality of variable contact arms, 
a source of signal voltage coupled across said 
?rst and second terminals, a source of bias volt 
age having a negative terminal D.-C. coupled 
to said ?rstterminal and a’positive terminal 
D.-C. coupled to said second terminal, a plural 
ity of ampli?er tubes each having eg/ip ‘char 
acteristics such that substantially the same ratio 
exists in each tube between the bias. potential 
and the peak signal potential necessary to cause 
a given plate current to flow and each having 
at least a control grid, an anode, and a cathode, 
each of said control grids being connected to a 
separate variable contact arm on said potenti 
ometer means, circuit means connecting said 
anodes and cathodes in parallel tube relation 
ship, and means D.-C. coupling said second ter 
minal to said cathodes, whereby the ampli?ers 
are adjusted for dynamic load current division 
by adjusting the potentiometer contacts so as to 
balance the no-signal idle current among the 
tubes. ' 

RONALD J. ROCKWELL. 
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