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To all whom it may concern: 
Be it known that I, HARRY S. READ, a 

citizen of the United States, residing at 
Ithaca, in the county of Tompkins and State 
of New York, have invented certain new and 
useful Improvements in Amplifier Circuits, 
of which the following is a full, clear, con 
cise, and exact description. 
The invention relates to amplifying sys 

tems and has for an object to provide a sys 
tem capable of amplifying the voice energy 
from one loud speaking transmitter to a 
magnitude sufficient to operate a large nums 
ber, for instance, as many as 100 loud speak 
ling receivers. . . . 

The invention makes use of vacuum tube 
amplifiers and provides an amplifier set that 
is capable of giving a very large output. In 
the use of the audion type amplifier, it has 
been common practice heretofore to main 
tain the grid or control electrode at all times 
at a negative potential with respect to the 
cathode, in order that none of the electrons 
emitted by the cathode will go to the grid. 
This prevents a flow of current in the grid 
cathode circuit, thereby providing a high 
input circuit which consumes a very small 
amount of energy. 
According to prior practice, where the 

grid is always maintained negative, it has 
been possible to work the vacuum tube am 
plifiers only over a very limited range, for 
the incoming potentials have always been 
maintained small enough to prevent over 
coming the normal steady negative poten 
tial of the grid. This limitation is not im 
posed on the circuit provided according to 
the present invention, however, which em 
bodies a circuit working the amplifier over 
a very wide range of voltages, thereby de 
riving from the vacuum tube amplifier an 
appreciably greater amount of energy. 
According to this invention, the grid is 

not maintained normally at a negative po 
tential with respect to the cathode, but the 
grid is instead at the same potential as the 
negative end of the cathode in the absence 
of electrical impulses to be repeated. In this 
case an electrical impulse applied to the 
cathode grid circuit will, at times, give the 
grid a potential which is positive with re 
spect to the cathdde. At such times as the 
grid is positive, current flows in the cathode 
grid circuit and the impedance of the 

cathode-grid circuit becomes much lower 
than at a time when the grid is negative. It 
is therefore evident that more energy must 
be supplied to the grid-cathode circuit to es 
tablish a given positive potential on the grid 
than an equal negative potential, and that 
the amount of this energy will vary with 
the magnitude of the potential to be estab 
lished. From a slightly different viewpoint 
this means that the instantaneous impedance 
of the grid-cathode circuit varies from point 
to point along the applied positive voltage 
wave, such variations in practical amplifiers 
for voice frequencies bein 
megohms to a few thousand ohms. It will 
now be clear that if the input or supply cir 
cuit have such a high impedance that the 
internal voltage drop due to drawing cur 
rent to the grid is appreciable, a very serious 
distortion of the positive half wave will re 
sult. Distortion from this source approaches 
zero as this supply circuit is made to ap 
proach zero impedance. For high grade 
tone quality and articulation of repeated 
voice currents it has been found sufficient, 
in amplifiers of this type, to make the im 
pedance of the connected line or supply cir 
cuit of the same order of impedance as the 
minimum impedance reached by the grid 
cathode circuit during the positive half 
wave. 

It is of course realized that with the lower 
impedance of the input circuit more energy 
will be needed to supply a given potential to 
the grid circuit. This can readily be com 
pensated for by employing one or two tubes 
to supply the energy to the grids of many 
tubes in multiple each operating at or near 
its maximum energy output. It has been 
found that instead of adding more tubes in parallel in a high power amplifier having 
the tubes operated with the grids negative, it 
is by far more efficient to add this auxiliary amplifying stage for driving the grids posi 
tive. 

For further details of the invention, ref erence may be made to the drawings in which Fig. 1 represents diagrammatically a 
vacuum tube amplifier system embodying the 
features of this invention. Fig. 2 is a curve 
showing the relation between the grid voltage 
and the plate current of a vacuum tube am plifier. 

from several 

Referring in detail to Fig. 1, the circuit 1 
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which includes a transmitter 2 and battery 3 
represents a source of impulses to be re 
peated and amplified. The lines 4, 5, 6, 
and 8 may each lead to a plurality of loud 
speaking receivers. A total of as many as 
103 receivers have been satisfactorily oper 
ated by the circuit arrangement shown. Be 
tween the incoming line 1 and the outgoing 
lines 4 to 8 is connected the amplifier set, 
which makes it possible to amplify the rela 
tively weak impulses in the line 1 sufficiently 
to operate a large number of receivers. The 
line 1 is connected by transformer 9 to two 
vacuum tubes 10 and 11 in parallel. 
The resistance 12 for speech amplifier de 

sign may have a value of the order of 12,000 
ohms, this being such that the minimum in 
pedance of the grid-cathode circuit will be 
about equal to the absolute value of the im 
edance of this resistance and the line trans 
ormer in parallel. The vacuum tubes 10 
and 11 are coupled by means of transformer 
13 to a large number, for instance, ten vac 
uum tubes 14, 15, etc., connected in multiple 
and working into the output transformers 
16, 17, 18, 19 and 20. The secondary wind 
ing of transformer 13, shown with two sec ondary windings in parallel, has the proper 
turns ratio to transform the impedance of 
the first stage to match the minimum im 
pedance of the the grid circuit cf the mul 
tiple audions 14, 15, etc. The value of this minimum impedance will depend upon the 
number and the type of tubes, employed, 
as well as the value of the impressed poten 
tial, but in the apparatus illustrated, it may 
be said that the impedance of these multi 
pled tubes will be of the order of two or 
three thousand ohms. It may be desirable in 
some cases to shunt the grids 14, 15, etc., by 
a resistance corresponding to 12 and its 
value would be determined by the same cri 
terion. If it is necessary to employ the am 
plifier for purposes which admit of less dis 
tortion than the reproduction of speech for 
intelligible audition, the values of these re 
sistances may of course be reduced and the 
transformer ratios modified accordingly. 

Referring to Fig. 2, this shows the rela 
tion between the grid voltage (Ed) and the 
plate current (I milliamperes) for each of 
the tubes which have been employed in the 
circuit of Fig. 1 with good results. The 
curve shows that the tubes could have a 
range of +30 volts peak value, about the 
value -30 volts, in the grid circuit without 
causing the grid to become positive with re 
spect to the filament. The corresponding 
plate current would be about 40 milliam 
peres per tube peak value. This would cor 
respond to about 1.15 watts peak value per 
tube. By allowing the grid to become posi 
tive, the voltage range is increased to -60 
volts grid voltage, about the value 0 volts, 
and the plate current is increased to approxi 
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mately 100 milliamperes per tube, so that the 
power is increased to 7.1 watts peak value 
per tube. It is apparent that by operating 
the grid with positive potentials the power 
output in this case is multipled practically 
by 6. The potential supplied by circuit 1, 

70 

Fig. 1, should be such as to drive the grid to 
a large positive potential in the case of the 
tube having the charactertistic illustrated 
in Fig. 2. This potential may be of the 
order of 60 volts. - 

Considerable advantage is to be derived 
from connecting (as in Fig.1) two vacuum 
tube sets in tandem, each set comprising a 
plurality of tubes in parallel. In the above 
mentioned instance, where two vacuum tubes 
in parallel were connected in tandem to ten 
vacuum tubes in parallel, it was found pos 
sible to operate the one hundred and three 
2500-ohm loud speaker receivers even though 
one amplifier in the first set and four ampli 
fiers in the second set were removed. Thus 
it would be possible during operation of the 
circuit for one amplifier in the first set and 
four in the second set to become inoperative 
due to burning out the filament, breaking 
the glass envelope, etc., without rendering 
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the circuit as a whole inoperative. This is 
of particular advantage when the circuit is 
employed as loudspeaking telephone equip 
ment for a battleship. 
An application in the name of R. A. 

95 

Heising, Serial No. 432,444, filed December 22, 1920, assigned to the assignee of this ap 
plication, claims broadly, the feature of hay 
ing the impedance which faces the grid 
cathode internal impedance of a vacuum 
tube low, in order that the impedance across 
the grid and cathode may not vary unduly 
when the grid becomes positive. 
What is claimed is: - 
1. An incoming line adapted to supply 

100 . 

05 

impulses to be amplified, a vacuum tube 
amplifier having a cathode, an anode and a 
control. electrode, means connecting said 10 
control electrode and said cathode to said . 
incoming line and maintaining the steady 
potential between said cathode and said 
control electrode, at such a value that said amplifier operates on only the substantial 15 
ly straight part of its input voltage-anode 
current characteristic in repeating said im pulses, the impulses supplied by said line be 
ing sufficiently large to give said grid a po 
tential which is positive with respect to the 
cathode, and the impedance of the line con 

20 

nected to said control electrode and said 
cathode being pity the same as 
the impedance of the control electrode cir 
cuit when the control electrode is at its max 
imum positive potential, 

195 . 

2. An incoming line adapted to sup bly in 
pulses to be amplified, a vacuum tube am 
plifier comprising a cathode, an anode and 
a control electrode, and means connecting 130 
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said cathode and said control electrode to 
said line and maintaining the steady voltage 
between said cathode and said control elec 
trode at such a value that said amplifier op 
erates on only the substantially straight part 
of its input voltage-anode current charac 
teristic in repeating said impulses, the mag 
nitude of the impulses supplied by said line 
being sufficient to make said grid positive 
at times, the control electric circuit exterior 
to said vacuum tube having an impedaluce 
of the order of the impedance between said 
control electrode and cathode when said con 
trol electrode is at a positive potential. 

3. In combination, a vacuum tube ampli 
fier having a cathode, an anode and a control 
electrode, an incoming line connected to said 
electrode for supplying alternating current 
impulses to said electrode, and means main 
taining said cathode and said electrode at . 
substantially the same potential in the ab 
sence of said impulses, and causing said ann 
plifier to operate on only ther substantially 
straight part of its input voltage-alinode cur 
rent characteristic in repeating said im 
pulses, the impedance of said line connect 
ed to said electrode being approximately the 
same as the minimum impedane of said 
amplifier between said electrode and said 
cathode. 

4. An incoming line adapted to supply 
impulses to be amplified, a vacuum tube am 
plifier, means inductively connecting said 
amplifier to said line, said amplifier having 
a control electrode, the magnitude of the 
impulses of said line being sufficient to make 
the potential of said control electrode at 
times positive, and means on the input side 
Cf said amplifier for reducing the distor 
tion of the wave when said grid is positive 
with respect to said cathode and causing 
said amplifier to operate on only the sub 
stantially straight part of its input voltage 
anode current characteristic in repeating 
said impulses. - 

5. The method which comprises assign 
ing to the grid of a vacuum tube amplifier a 
Zero steady potential during normal opera 
tion of the amplifier, energizing said am 
plifier with alternating current impulses, 
compensating for the loss occasioned by the 

w o - o consumption of energy in the grid circuit 
when said grid is at a positive potential with 
respect to its cathode, and approximately 
matching the impedance of the incoming 
line to that of the minimum impedance of 
said grid circuit. 

6. The method which comprises supplying 
the grid circuit of a vacuum tube amplifier 
with alternating, current impulses of value 
sufficiently to make the potential of said grid 
positive with respect to its cathode, approxi 
mately matching the impedance of the in 
coming line to that of an impedance value 
of said grid circuit when said grid is posi 

3 

tive, and maintaining the steady potential of 
said grid at such a value that the amplifier 
operates on only the substantially straight 
part of its grid potential-anode current 
characteristic in repeating said impulses. 

7. The method which comprises supplying 
the grid circuit of a vacuum tube amplifier 
with alternating current impulses of value 
sufficient to make the potential of said grid 
positive with respect to its cathode, approxi 
mately matching the impedance of said in 
coming line to the minimum impedance of 
said grid circuit and maintaining the steady 
potential of said grid at such a value that 
the amplifier operates on only the substan 
tially straight part of its grid potential 
anode current characteristic in repeating 
said impulses. 

8. The method which comprises supplying 
the grid circuit of a vacuum tube amplifier 
with alternating current impulses of value 
sufficient to make the potential of said grid 
positive with respect to its cathode, approx 
imately matching the impedance of the in 
coming line to that assumed by said grid cir 
cuit when said grid is at a positive potential, 
and compensating for the loss occasioned by 
the consumption of energy in said grid cir 
cuit due to the potential of said grid be 
coming positive with respect to its cathode, 
and maintaining the steady potential of saids 
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grid at such a value that the amplifier oper 
ates on only the substantially straight part 
of its grid potential-anode current charac 
teristic in repeating said impulses, 

9. The combination of a line adapted to 
supply alternating current i. pulses to be 
amplified, a vacuum tube amplier connect 
ed thereto, a second vacuum tube amplifier, 
a coupling between said amplifiers, said 
coupling having an impedance substantially 
matching an impedance value of the grid 
circuit of said second mentioned amplifier 
under the condition that the grid of said 
circuit is at a positive potential, and said 
coupling comprising means maintaining the 
steady potential of said grid at such a val 
ue that the amplifier operates on only the 
substantially straight part of its grid po 
tential-anode current characteristic in re 
peating said impulses. - 

10. The combination of a line for supply 
ing electrical variations; 'A vacuum tube 
amplifier connected thereto and having 
means for maintaining its ste ify input. 
voltage at such a value that said amplifier 
operates on only the substantially straight 
part of its input voltage-anode current char'- 
acteristic in amplifying said variations, a 
Second yacuum tube amplifier, for further 
amplifying said variations, said second 
amplifier having means for maintaining its 
steady imput voltage at such a value that 
the amplifier operates on only the substan 
tially straight part of its input voltage 
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4 
anode current characteristic in amplifying 
said variations, a transformer between said 
line and said first mentioned amplifier, a 
second transformer between said amplifiers, 
the impedance of the secondary circuits of 
said transformers substantially matching 
impedance values of the grid circuits to 
which they are connected under the condi 
tions that the grids of said circuits are posi 
tive. 

11. The combination of a source of current 
impulses, a vacuum tube amplifier connect 
ed thereto, a substantially pure electron dis 

5 

20 

charge vacuum tube amplifier having a cath 
ode and a grid, and a coupling between said 
annplifiers, said coupling having an imped 
ance substantially matching the minimum 
grid-cathode impedance of said second men 
tioned amplifier, and said coupling compris 
ing means maintaining Zero normal steady 
potential on the grid of said second am plifier and causing that amplifier to operate 
on only the substantially straight part of its 
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grid potential-anode current characteristic 
in repeating said impulses. 

12. The combination of a line, a vacuum 
tube amplifier stage connected thereto, a 
second vacuum tube amplifier stage for re 
peating without substantial change of wave 
form, electrical variations delivered thereto 
from said first mentioned amplifier stage, 
and a transformer between said stages, said 
second stage having its input electrodes, in 
cluding a control electrode, at the same steady potential during normal operation of 
the systems, and the impedance at the sec 
ondary circuit of said transformer substan tially matching the impedance facing said 
circuit from said electrodes under the con 
dition that said control electrode is posi 
tive. 
In witness whereof, I hereunto subscribe 

my name this 20th day of April A. D., 
1920, 

HARRY S. READ. 
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