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& Clairns, (C. 179-17.5) 
My invention relates to vacuum tube amplifiers, 

and particularly to high-efficiency amplifiers of 
the class-B and grid-modulated class-C types. 
Among the objects of my invention are: To 

5. improve the plate eficiency of class-B linear am 
... plifiers and of grid-modulated class-C amplifiers; 
to provide a method of operating class-B ampli 
flers always at or near cut-off; to produce larger 
Outputs from tubes cf given power ratings, to re 

le duce tube size and power requirements for the 
production of given output currents, and to pro 
vide economy of operation due to decreased power 
and tube replacement costs; to provide a method 
of varying anode potential and preferably, con 

5 trol electrode potential, in accordance with the 
degree of modulation of a signal impressed upon 

flowing in the circuit of Figure 1 for grid-modu 
lated class-C amplifier operation. 

an amplifies or to be modulated upon a carrier; 
to provide a method of maintaining the ratio of 
control eiectrode bias to anode potential constant 

20 with variable anode potentials; to provide a meth 
od of varying the anode potential without chang 
ing. the anode current angle of fiow; and to 
make high-level grid-modulated amplifiers com 
mercially practica. . 

25 My invention possesses laumerous other objects 
, and features of advantage, some of which, to 

gether with the foregoing, will be set forth in the 
following description of specific apparatus em 
bodying and utilizing my novel method. It is 

30 therefore to be understood that my method is 
applicable to other apparatus, and that I do not 
limit myself, in any way, to the apparatus of the 
present application, as I may adopt various other 
apparatus embodiments, utilizing the method, 

35 within the scope of the appended claims. 
Briefly, my invention compriseg a method of 

operating vacuum tube amplifiers at high eff 
ciency, wherein the anode and control electrode 
potentials are varied in consonance with the en 

4 velope of the modulation envelope. 
Referring to the drawings: 
Figure 1 is a diagram showing a generalized 

amplifier circuit. 
Figure 2 shows a sine wave representing an 

as audio-frequency signal which has previously been 
modulated upon a carrier to be amplified in the 
circuit of Figure 1, operating as a class-B ann 
plifier; or is to be modulated upon a carrier in 
the circuit of Figure 1, operating as a grid-modul 

50 lated class-C amplifier. 
Figure 3 is a curve showing the voltage applied 

to the grid when a carrier previously modulated 
by the audio current of Figure 2 is impressed upon 
the circuit of Figure 1, operating as a class-B 

55 amplifier. -- 
w 

Figure 4 shows the effective plate voltage in 
the circuit of Figure 1 under class-B Operation 
when the modulated carrier shown in Figure 3 
is applied to the control electrode. 

Figure S is a graphical representation of the 
plate current in the circuit of Figure 1 for class-B 
operation. - 

Sigure 6 is a graph showing the voltage applied 
to the grid by modulating the audio-frequency 
signal of Figure 2 upon a carrier current, when 
operating the circuit of Figure as a grid-modul 
lated class-C amplifier. 
Figure 7 is a graph showing the effective plate 

voltage in the circuit of Figure 1, when operating 
as a grid-modulated class-C amplifier. 

Figure 8 is a graph showing the anode current 

Figure 9 is a circuit diagram showing any meth 
od of controlling grid and plate voltages, applied 
to a conventional linear push-pull amplifier. 

Figure 10 is a circuit diagram showing a nodi 
fication of Sigure 9 wherein the potentials sup 
plied to the tube electrodes are varied by means 
of a grid-controlled gas rectifier, such as & 
“Thyratron.” 

Figure is a circuit diagram showing my in 

20. 

20 

25 

vention applied to a class-B audio-frequency eigh 
pier using high-int tubes. 

Figure 12 is a circuit diagran showing a class-s 
audio amplifier, using conventional tubes, where 
in the reactor-saturating current is supplied by 
the direct current flowing in the plate circuit of 
the class-B audio tube. 
Figure 13 is a circuit diagram illustrating my 

invention, applied to a conventional grid-modul 
lated class-C amplifier. 
Figure 14 is a circuit diagram illustrating an 

alternative arrangement to Figure 3, wherein the 
grid and plate potentials are controlled through 
“Thyratron' tubes. 

Figure 15 is an extension of the curve shown 
in Figure 3, illustrating the envelope of the mod 
ulation envelope. 
Figure 16 is a schematic diagram illustrating 

the use of a screen-grid tube as a class-B ampli 
fier controlled in accord with my invention. 

30 

Briefly, my invention comprises a method of 
operating vacuum tube amplifiers at high effi 
ciency, wherein the potential applied to the 
anode, and preferably the biasing potential ap 
plied to the control electrode are varied in Con 
sonance with the envelope of the modulation en 
velope, so that the electrode potentials are at all 
times sufficient to handle the input to the tube 

50 
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Without distortion, without introducing neediless 
loss while the input is unmodulated. This may 
be accomplished by using a saturable reactor, in 
which the degree of Saturation is controlled by 
the degree of modulation of the current to be 
amplified, connected in series with the alternat 
ing-current Source and the rectifier-filter System 
supplying the control electrode and anode volt 
ages; or, alternatively, utilizing grid-controlled 
gas rectifer tubes, such as "Thyratrons,' to Con 
trol these voltages in accordance with the ampli 
tude of the input current. 
The principles involved are equally applicable 

to many types of tubes and amplifiers, class-A, 
class-B, and grid-modulated class-C amplifiers 
may be controlled in accord With my invention, 
and Various types of three-element vacuum tubes, 
screen-grid tubes, and pentodes may be more ef 
ficiently operated by the method to be described, 
While the controlling means and method may be 
used in various embodiments. 
Consider first the case of conventional three 

element vacuum tubes Operated as class-B linear 
amplifiers and as grid-modulated class-C ann 
plifiers. 

Linear amplifiers have, as is well known, a 
maximum theoretical efficiency of 78.5 per cent 
with full excitation, which is reduced in direct 
proportion as the exciting Voltage is reduced. 
in practice, the maximum efficiency obtained is 
about sixty per cent with full excitation, and so 
if provision is made for amplifying a completely 
modulated signal, the efficiency is of the order of 
thirty per cent when the carrier is unmodulated. 

In grid-modulated class-C amplifiers, the 
minimum instantaneous plate potential is large 
except at the Crest of the modulation cycle, and 
when sufficient plate voltage is provided to handle 
the crest of a completely modulated wave, there 
is E. high voltage drop across the tube when the 
carrier is unmodulated, and the consequent low 
efficiency is of the order df. that in class-B ampli 
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fiers, as above. 
In both cases, the result is excessive plate loss, 

high power cost, and high installed tube capacity 
in proportion to the power butput. These losses 
are so high that prior to/this invention, high 
level grid-modulated amplifiers have never been 
commercially practical. However, these disad 
vantages may be overcome by causing both anode 
potential and, preferably, control electrode bias, 
to vary simultaneously in accordance with the 
envelope of the modulation envelope, thus ma 
terially reducing the plate loss during the time 
the carrier is unmodulated, raising the over-all 
efficiency and reducing the rated tube capacity 
necessary to produce a given power output. 
The more detailed operation of my invention 

may better be understood by reference to the 
drawings. 

Figure 1 shows a generalized circuit for a three 
element vacuum tube amplifier. A three-ele 
ment vacuum tube envelope contains a cathode 
2, heated by a source of electricity not shown in 
the diagram. A battery 4, or an equivalent 
Source of constant direct current, maintains a 
negative potential upon the control electrode 5 of 
tube . A battery 6, or an equivalent source of 
Constant direct current, maintains a constant 
positive potential through output impedance 
upon anode 9. Current source to supplies, in the 
case of class-B amplifier operation, a modulated 
carrier to be ainplified by tube . When operat 
ing as a grid modulated class-C amplifier, source 
to supplies a radio-frequency carrier current, and 

& 

an audio-frequency signal current to be modul 
lated thereon. . 

Figure 3 represents the potential impressed 
upon grid 5 of tube by source O when supplying 
thereto a modulated carrier. The instantaneous 
potential is shown bounded by the modulation 
envelope 4. 
The effective plate voltage is the resultant of 

the constant potential of battery 6, less the load 
impedance drop. Figure 4 shows the instan- 10 
taneous value of the effective plate voltage as 
curve 3, varying about a battery potential of 
amplitude 7. The variations of the minimum 
instantaneous plate potentials are shown graph 
ically by dotted line 5, while dotted line 6 in-l 
dicates the corresponding maximum instanta 
neous potentials. 
For class-B operation, the grid bias is adjusted 

to cut-off value, and consequently, plate current is 
permitted to flow only during the positive half- 20 
cycles of the modulated carrier impressed on the 
grid. This half-cycle flow is shown in Figure 5, 
with the envelope 9 of the maximum instanta 
Saeous values shown as a dotted line, 
The low efficiency obtained with ordinary class 

8 amplifiers of modulated radio waves results 
from the fact that the plate-supply voltage must 
be large enough to care for the modulation Crests, 
so that during the periods when there is no 
modulation, or the modulation is very slight, the 
minimum instantaneous plate voltage is larg 
er than necessary and causes needless plate loss. 
This may be seen by inspecting the mininuin 
instantaneous plate potential curve 5 of Figure 
4. My invention avoids this loss by controlling 3. 
both the grid-bias and plate supply potentials 
simultaneously in such a Way that they vary in 
accordance with the envelope of the modulation 
envelope. It is not desirable to cause these po 
tentials to vary as rapidly as the nodulation fre- 8 
quency, and, as will be explained later, it is suf 
ficient that they vary with the average syllabic 
power of voice-modulated currents. Figure. 9 
shows a circuit diagram of a linear class-B an 
plifier 20, adapted to accomplish this purpose by is 
obtaining both grid-bias and plate-supply po 
tentials from a common Source and then COne 
trolling this common Source by a saturated re 
actor operated by rectified voice-frequency cur 
rent. 30 

Line terminals 2 are provided, through which 
the alternating current power may be introduced 
to the circuit. One of line terminals 2 is con 
nected to One side of a saturable reactor 22, and 
through leads 24 and 25, the line potential is ap- sis 
plied through reactor 22 to the parallel primaries 
of transformers 26 and 2. 
A full-wave rectifying and filtering unit 29 is 

connected across the secondary of transformer 
26. A high resistance 30 is shunted across said 60 
rectifying and filtering unit 29 with -its positive 
end grounded. From the negative side of resist 
ance 30, a negative bias is placed on the grids of 
amplifier 20 through lead 3. This method of 
obtaining the grid bias is, of course, conventional. 8s 
A small fixed blas 33 may be inserted in lead 3 
for a purpose to be explained later. 
A suitable rectifying and flitering unit 2 is 

Connected across the Output side of transformer 
27, and a positive potential is applied to the plates 70 
of the tubes in amplifier. 20 through lead 34 from 
said rectifying unit. 

Since the same initial source supplies both 
plate and grid potentials to the amplifier, it is 
apparent that any voltage variation across the is 

  



primaries of transformers 28 and 2 will 
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affect 
both equally, in ratio depending on the constants 
of the transformer and rectifier-filter circuits in 
volved, and that, regardless of the magnitude of 
the supply voltage change, the ratio between the 
plate and grid potential variations will remain 
Constant. 
Terminals 35 are connected to a rectifier 36 

and across the input side of a low-pass filter 
37, shown schematically. The outputside offilter 
37 is connected with the saturating winding of 
reactor 22. 
As the audio-frequency signal is impressed 

upon terminals 35, rectifier 35 and filter 37 will 
cause a direct current to flow in the Saturating 
winding of the reactor 22, increasing the degree, 
of Saturation of the core and thereby reducing 
the impedance. This reduction of the reactor 
impedance permits the potential supplied to the 
primaries of transformers 2 and 2, and by said 
transformers to the appropriate rectifer-filter 
units, to increase to a point where said amplifier 
20 can handle the modulated carrier current to be 
amplified without distortion. It will be noted 
that if the class-B tubes are originally biased to 
cut-off and have a substantially constant ampli 
fication factor, then the bias will always be at 
cut-off, irrespective of the amount of saturation 
in the saturated reactor. The result is, therefore, 
that regardless of the Voltage upon the amplifier 
tube electrodes, the tube is always kept in a 
condition corresponding to class-B operation, 
with a constant angle of flow of the plate cur 
rent. However, when the reactor is saturated, 
both grid-bias and plate-supply potentials be 
come greater, and the tube can handle an in 
creased signal voltage without distortion. 

It is frequently found that class-B amplifiers 
may be operated with a bias slightly less than 
cut-off, and a gain in linearity secured. For this 
purpose an additional fixed bias, 33 may be in 
serted in the grid bias lead 3, and used to neu 
tralize a Srinal portion of the Variable bias pro 
vided by the rectifier filter unit 28. , 
The initial adjustinent is preferably such that 

the amplifier grid- and plate-supply potentials 
are normally about ten to twenty per cent greater 

50 
saturated, and represents a voltage roughly fifty 

60 

than the values needed for amplification of the 
unmodulated carrier. This condition would nor 
mally correspond to operating the reactor 22 un 

five to sixty per cent of the voltage applied to 
the class-B tubes when the reactor 22 is fully 
saturated. The plate efficiency under practical 
conditions can then be expected to be of the 
order of fifty to fifty-five per cent, as contrasted 
with the thirty per cent normally obtained when 
amplifying only the carrier. 
With such potentials on the tube it is possible, 

however, to accommodate a degree of modulgation 
of only ten to twenty per cent. In order to am 
plify higher degrees of modulation without dis 
tortion it is possible to raise the voltages applied 
to the tube, as explained above, by rectifying a 
portion of the audio-frequency signal current 
and using this rectified current to saturate the 
reactor. By proper adjustment and proportions 
it is possible for the saturable reactor 22 to con 
trol the supply voltage over the necessary range 
with relatively little direct-current power, since 
the saturable reactor is equivalent to an amplifier 
having a very large gain. 
The result is high plate efficiency coupled with 

Constant carrier amplitude. The plate efficiency 
is high because the plate voltage supplied to the 

2,215,672 3 
tube is never very much greater than the smallest 
value necessary to accommodate the exciting 
voltage. The carrier amplitude is constant be 
cause the tube always operates with the same 
angle of current flow irrespective of the amount 
of saturation of the reactor. This also results in 
distortionless amplification. 

It is to be noted that non-linearity between the 
output voltage of the saturated reactor 22 and 
the direct current saturating current from filter 
37 introduces no distortion. . It is merely neces 
sary that the voltage applied to the tube elec 
trodes always be sufficient to accommodate the 
degree of modulation present at the moment. 
Any excess in supply voltage merely reduces the 
efficiency slightly without introducing distortion. 

For proper operation with voice-modulated 
waves the saturation of the reactor should follow 
the syllabic power of the voice. This means that 
the filter-circuit 3 supplying the saturating cur 
rent, and also the rectifier-filter systems for the 
plate and grid voltages, should be proportioned 
so as to follow variations of average voice power 
up to perhaps fifteen cycles per second, while dis 
criminating rather sharply against more rapid 
variations. This can be accomplished with the 
aid of a suitable low-pass filter 3 and by atten 

0 

5 

20 

25 

tion to the filter circuits of the power rectifiers, 
so that tube potentials will follow average Voice 
power without following the modulation, and vary 
with the envelope of the modulation envelope. 
Figure 15 shows graphically the envelope 8 of 
the modulation envelope 3. 
In order that there be absolutely no distortion 

introduced by the action of the saturated reactor 
it is desirable to introduce a time delay 39, shown 
schematically, between terminals 35 and the 
modulator (not shown) in order that the tube 
voltages will have time to adjust their amplitude 
to the degree of modulation by the time this 
modulation arrives at the grid of the class-B 
tubes in amplifier 20. However, if the initial ad 
justment is such as to provide for about twenty. 
per cent modulation before distortion starts, and 
if the circuit arrangements are such that the 
saturated reactor tends always to provide sufi 
cient voltage at the tube to handle about twenty 
per cent higher degree of modulation than re 
quired to produce the rectified audio-frequency 
current in the saturated reactor, then distortion 
will be very small even if the time delay is 
omitted. This is because the average degree of 
modulation in ordinary radio transmitters is usu 
ally relatively small, and furthermore does not 
ordinarily increase with extreme suddenness be 
cause audible sounds tend to build up gradually 
to their full amplitude. If the adjustment is such 
as to provide this twenty per cent margin, the 
time required for an increasing amplitude to use 
up this margin will normally be sufficient to en 

3) 
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60 
able the reactor to operate and increase the . . 
margin. 
The net result obtainable with an arrangement 

such as illustrated in Figure 9 is therefore a plate 
eficiency exceeding fifty per cent at all times, as 65 
contrasted with the usual average plate efficiency 
of approximately thirty per cent. The import 
ance of this saving can be seen by considering 
what it means in connection with a fifty thousand 
watt broadcast transmitter. With the conven 
tional class-B system having thirty per cent ef 
ficiency, the tube dissipation is one hundred sev 
enteen thousand watts; with fifty per cent ef 
ficiency the tube dissipation is only fifty thou 
Sand Watts. This net saving of sixty-seven thou 
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4. 
sand Watts represents a reduction of at heast 
one third in the transmitter power bill, and a 
halving of the tube capacity required in the out 
put stage. When it is realized that in a five 
hundred thousand Watt transmitter, such as that 
used in Station WLW, the cost of power and tube 
replacements is approximately one hundred sev 
enty thousand dollars per year, the dollars and 
cents value of Such economies is obvious. 
This high-efficiency system of class-B ampli 

fication has all the advantages of a controlled 
carrier System of modulation, and in addition 
provides a constant-carrier power. The auto 
matic volume control and detector problems at 
the receiver that tend to reduce the desirability 
of the controlled-carrier transmitter are there 
by avoided. 

Figure i0 shows a modification of Figure 9. 
In the circuit of Figure 10, the potentials sup 
plied to the tube electrodes of amplifier 20 are 
varied by means of grid-controlled gas rectifiers 
such as "Thyratrons' 40 and 41. A resistance 
42, across the low-pass filter 37, provides the 
voltage drop necessary to control the grids of 
"Thyratrons' 40 and 4 when a signal current 
is passed through terminals 35. Additional wind 
ings 44 and 45 are provided on transformers 26 
and 2 respectively, together with suitable phase 
splitters 46 and 47 and transformers 43 and 48 
to provide proper control potentials for the grids. 
Arrangements for using "Thyratrons' to pro 
duce controlled direct-current voltages are well 
known and need not be further elaborated upon. 
The same principles discussed above in refer 

ence to Figure 9 may be applied to a class-B 
audio-frequency amplifier as shown in Figures 
11 and 12. The fundamental ideas here are es 
sentially the same as above, and need not be re 
peated in detail. The principal difference is 
that with class-B audio amplifiers there is no 
exciting voltage applied during the quiescent 
periods, while in the case of the class-B radio 
frequency amplifier handling modulated waves, 
there is always at least the carrier present. The 
result is that the range of control which can 
be exerted to advantage by the saturated re 

70 

amplification factors. 

actor 22 is greater in the case of the class-B audio 
amplifier. Thus a reasonable arrangement would 
be to supply, during the quiescent periods, a po 
tential of about one-third the plate potential re 
quired during moments when the tube is fully 
excited. This means that the saturated reactor 
22 would give about one-third as much voltage 
When unsaturated as when fully saturated. 

Figure 11 shows an audio amplifier 49 for the 
use of class-B tubes designed to operate with 
zero bias, i. e., with tubes having very high 

This permits simplifying 
the general layout by the omission of the grid 
bias source, leaving merely a variable plate volt . 
age which is increased and decreased as neces 
sary to accommodate the exciting potential. 

Figure 12 shows an arrangement similar to 
that of Figure 9, for use as an audio amplifier, in 
which the current for saturating the reactor is 
Supplied by the direct-current flowing in the plate 
circuit of the class-B audio tube. 
The current flows from the plates of amplifier 

49 through lead 34, through a by-pass filter 50 
and the saturating winding of reactor 22 before 
returning to the positive side of rectifier unit 
2. The direct current passing through the re 

actor performs the same function as that re 
ceived from the low-pass filter 37 of Figure 9. 
This current increases with the exciting voltage 

n 

the same saturated reactor. 

2,215,672 
applied to the tubes, and hence varies in exactly 
the way necessary to obtain the desired con- . 
trol, 
: ; It is of course understood that many varia 
tions of the circuit arrangement can be used 5 
to carry out the general principles which have 
been described above. Thus other means of con 
trolling the tube electrode potential source may 
be employed and the controlling methods may 
be adapted to polyphase rectifier systems. Un 
der, circumstances where several stages of linear 
amplification are employed, it is possible to 
simultaneously vary the plate-supply and grid 
bias voltages of two or more linear stages with 

These and other 
modifications represent minor details as far as 
this disclosure is concerned. The essential novel 
idea is the arrangement of class-B amplifiers in 
such a way that the grid-bias and plate-supply 
voltages are simultaneously varied by the en 
velope of audio-frequency in such a way as to 
maintain the class-B tube always at or near 
Cut-Off with the same angle of flow. 
Considering now the operation of class-C grid 

modulated amplifiers; the basic circuit is again 
that of Figure , but source 10 now supplies a 
carrier current, and an audio-frequency signal 
current to be modulated thereon. The audio 
signal is represented in Figure2 by curve 2, and 
is shown in Figure 6 superimposed upon a car 
rier whose instantaneous potential is indicated by 
Curve . 

Figure 7 shows the instantaneous effective plate 
potential existing as a result of imposing the 
varying grid voltage of Figure 6 upon a grid-mod 
ulated class-C amplifier tube. This voltage is 
the resultant, analogous to the case of Figure 4, 
of the constant potential from battery 6, less the 

mum instantaneous erective values of this plate potential. 
Figure 8 shows the plate current flow, with the 

envelope 2 of the maximum instantaneous val 
lies. Since the grid bias is greater than cut-off, 
the current will flow only during the more posi 
tive portions of the positive half cycles of the 
voltage applied to the grid. 
An inspection of curves in Figure 7 will show 

that as in the case of class-B operation, the min 
imum instantaneous plate potential is relatively 
large except at the crest of the modulation cy. 
cle. This again results in high average plate 
losses because of the high average voltage drop 
across the tube and is the result of the fact 
that sufficient plate voltage must be provided to 
handle the crest of modulation. 

Figure 13 shows a conventional grid-modulated 
class-C anplifier except for the means of ob 
taining grid-bias and plate-supply voltage. The 
grid-bias is here obtained from two separate 
sources. A battery 2, or other suitable source of 
constant direct current potential, provides a 
fixed bias while an additional bias is provided 
varied in accordance with the degree of modula 
tion as described below. The variable parts of 
the grid-bias and the plate-supply voltage are 
derived from the common line voltage applied to 
terminals 2, using suitable transformers 2 and 
27 and rectifier-filter units 29 and 32, as ex 
plained for class-B operation. This arrange 
ment insures that these two voltages always 
have a constant ratio to each other. By making 
the ratio of voltages supplied through leads 34 
and equal to the amplification factor of the 
tube, variations in the voltage applied to the prl 
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inaries of transformers 26 and 27 will not alter 
the ange of current flow in the plate circuit and 
will have no effect upon the plate-current in 
pulses, provided that the plate voltage is always 
at least sufficient to accommodate the amount of 
excitation present. The term “angle of current 
flow' represents the number of electrical de 
grees, in terms of the radio frequency grid-ex 
citing voltage, during which the plate current 
flows, and is a function of the grid-biasing and 
plate potentials. Altering the voltage applied to 
terminals 2 merely affects the minimum in 
stantaneous plate voltage and hence the plate 
losses. For highest efficiency the plate-to-fila 
ment voltage should be no larger than necessary 
to accorn.modate the exciting and modulating 
Woltages acting on the grid of the modulated 
amplifier. When this condition is realized the 
minimum instantaneous plate potential will al 
ways be small, the plate efficiency will be high 
(normally fifty to seventy, percent), and yet 
there need be no distortion. 

In the grid-modulated amplifier. of Figure 13, 
the plate-to-filament voltage is varied in accord 
ance with the degree of modulation in such a 
way that said voltage is raised or lowered as the 
degree of modulation becomes more or less. In 
this way the minimum instantaneous plate volt 
age can be kept Small while at the same time in 
Suring adequate plate voltage for all conditions. 

Figure 13 illustrates means of accomplishing 
the necessary voltage control utilizing a satu 
rated reactor 22, in series with the alternating 
current power Source terminals 2. This reactor 
22 operates the grid-bias and plate-supply recti 
fier-filter units 29 and 32, in the same manner 
as explained in connection with Figure 9. The 
Saturation, and hence the impedance, of this re 
actor 22 is controlled by the direct current ob tained by rectifying and smoothing a portion of 
the modulating frequency energy impressed upon 
terminals 35. ' This gives a saturation that in 
creases with the modulation and hence increases 
the voltage across primaries of transformers 26 
and 2 as the modulation comes on. This in 
turn increases both grid and plate potentials and 
thereby enables the tube to handle the increased 
nodulation without distortion when the modul 
lating voltage is applied to the input terminals 
33, provided in the grid-circuit of the class-C 
amplifier. 

For proper operation of this arrangement, 
rectifier-filter systems 29 and 32 should have 
identical time constants, so that when the volt 
age across the primaries of 26 and 2 is varied 
the grid-bias and plate potentials will vary pro 
portionately to each other even during the tran 
sient period. It it also desirable that rectifier 
86, which operates the saturated reactor 22, be 
provided with a low-pass filter circuit 37 which 
Will pass frequencies up to about ten or fifteen 

This 
permits the voltage across the primaries of 
transformers 26 and 27 to vary in accordance 
with average syllabic power of the voice-modul 
lated waves, but at the same tirine prevents the 
System from operating rapidly enough to follow 
the modulation frequency, just as in class-8 op 
eration. 
For perfect functioning it is desirable that a 

time delay 39 be provided, as indicated schemat 
ically in Figure 13. This gives the voltages on 
the tube time to change to accommodate changes 
in modulation by the time these changes reach 
the grid of the amplifier through terminals 53. 

the conventional amplifier. 

S 
The effect of omitting this time delay will be to 
introduce momentary distortion when very rapid 
increases in the amplitude of the modulated 
voltage occur. 

However, if the initial adjustment is such that 
with no modulation about twenty per cent more 
plate voltage is present than is required to han- . 
dle the unmodulated carrier, and if the control 
for the voltage across the primaries of trans- . 
formers 26 and 2 is proportioned so that there is 
always a tendency for the plate voltage of the 
tube to be about twenty per cent greater than 
the minimum actually required, then the distor 
tion will be negligible even if the time delay 39 
is omitted. The reason is that ordinarily sounds, 
such as represented by speech, take a small but 
definite period to build up from zero to maxi 
mum intensity, and a twenty per cent margin, in 
conjunction With a control system having rea 
Sonably small time constants, will normally be 
able to increase the plate voltage fast enough t 
prevent momentary distortion. 

Figure 14 shows an alternative arrangement 
to Figure 13 wherein “Thyratrons' 40 and 8 
are used to control the plate-supply voltage and 
the variable part of the grid-bias voltage, as ex 
plained in connection with Figure i0. The ex 
planation need not be repeated. 
With an initial adjustment such that the plate 

Voltage is twenty per cent greater than that re 
quired to handle the carrier, one will have about 
Sixty per cent normal plate voltage when the 
carrier is unmodulated. When sufficient modu 
lating Voltage is available to modulate the car 
rier completely the adjustments should be such 
that the plate Voltage Will rise to one hundred, 
or, better yet, one hundred twenty per cent of 
the normal value that would be used in a con 
ventional type of grid-modulated amplifier. It 
is to be noted that the relationship between the 
plate voltage and the rectified modulating volt 
age used for control need not be linear. It is 
merely necessary that the plate voltage increase 
rapidly enough with increased modulation al 
ways to provide ample plate voltage to handle 
the modulation at the moment. 
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The benefits to be gained by the use of this 
high-efficiency grid-modulated amplifier as comi 
pared with the conventional grid-modulated am 
plifier are apparent when a specific example is 
considered. Assume that the plate efficiency at 
the crest of the modulation is sixty per cent in 

Then the plate 

50 

efficiency during intervals of no modulation is 
thirty per cent and the average plate efficiency 
With Ordinary Speech modulation is barely higher 
than thirty per cent. In a high-efficiency sys 
tem in which a twenty per cent margin is allowed 

55 

in the initial adjustment, the efficiency without . 
modulation will be approximately fifty per cent 
and will rise slightly with modulation. Hence, in 
order to obtain one kilowatt carrier power it is 
necessary to provide two and One-third kilowatts 
of plate dissipation. When a conventional grid 
modulated System is used, while the plate dissi 
pation Will be only one kilowatt When the high 
efficiency circuit is used. The saving that results 
in the installed tube capacity and hence in the 
tube costs is obvious, and there is a similar re 
duction in the power bill and in the cost of the 
rectifier-filter system required. These economies 
make high-level grid-modulated power amplifiers 
entirely practical for the first time. 

It is obvious that a variety of alternative ar 
rangements to Figures 13 and 14 are possible. 
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biases thereon are fixed. 
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6 
ployed for varying the plate-supply and grid-bias 
potentials. In particular, where three-phase 
power is used, a control system operating syn 
metrically upon each phase can be employed. 

It will be noted that the operation of the 
class-C grid-modulated system is identical, ex 
cept for the additional constant component of 
grid-bias used to maintain the tube always un 
der the same class-C conditions, with that of the 
class-B amplifier, wherein this constant com 
ponent may be omitted in many circumstances. 
The essential difference between the two is that 
in the grid-modulated amplifier only a portion of 
the total grid-bias is varied as the plate voltage 
is varied, and the class-C grid-modulated ampli 
fier has been described as a SSociated with a 
modulation System rather than acting as a simple 
amplifier. 
The essential novelty of my invention in rela 

tion to grid-modulated class-C amplifiers lies in: 
(1) The discovery that by varying the plate volt 
age, and a portion of the grid-bias, in such a 
Way that the ratio between said plate voltage and 
Said variable grid-bias equals the amplification 
factor of the tube, the angle of flow of the plate 
current pulses is unaffected; (2) The use of this 
principle to increase the efficiency of grid 
modulated amplifiers oy varying the plate po 
tential and part of the grid-bias in accordance 
With the degree of modulation. 
The common novelty is the operation of the 

tubes in such a way that all or part of the grid 
bias and plate-supply voltages are simultaneously 
varied by the envelope of the modulation en 
velope in Such a way as to maintain the ampli 
fier in distortionless operation of the type de 
sired; the discovery that if the ratio of the plate 
voltage to he variable grid-bias is kept equal to 
the amplification factor of the tube, the plate 
current angle of flow of the tube is unaffected 
by the plate voltage variations; and the use of 
this principle in operation as above to increase 
class-B and grid-modulated class-C amplifier 
efficiency by varying the plate potential and grid 
bias in accordance with the degree of modula 
tion of impressed signals. 
The methods described for three-element 

Vacuum tubes are applicable, with similar gains 
in efficiency, to circuits using screen-grid tubes 
as shown in Fig. 16. 

In a screen-grid class-B amplifier, the modul 
lated carrier input is impressed upon the control 
grid; the screen-grid bias is constant, as is that 
On the control grid, and the anode voltage is 
varied in accord with the degree of modulation, 
using a circuit analogous to that of Figure 11. 

For grid-modulated class-C amplifier operation, 
the carrier is applied to the control grid, and the 
signal to be modulated thereon is impressed On 
either the control grid or the screen-grid; the 

In either case, it is necessary to vary only the 
anode potential to accommodate different degrees 
of modulation, due to the fact that the angle of 
flow of the anode current is determined by the 
ratio of the bias on the screen-grid to that on 
the cqntrol grid, and is not affected by the plate 
potential unless it falls below that on the screen 
grid. w 

My invention may be applied with similar 
facility to the control of pentodes. In the Sup 
pressor-grid type of pentode in common use, the 
angle of flow in the anode circuit is fixed by the 

2,215,672 
For example, other control systems can be em ratio between the screen-grid bias and the cons 

trol grid bias, as in screen-grid tubes, and is 
practically independent of the anode voltage, pro 
vided it is not so low as to permit space charge 
formation about the suppressor grid. 
Since the pentode delivers large amounts of 

power, it is well adapted to grid-modulated 
class-C operation, with the carrier applied to the 
control grid, and the signal to be modulated 
thereon impressed upon either the control grid 
or the screen-grid. 

I do not wish to be inited to the specific en 
bodiments described herein, as it is apparent that 
other types of tubes may be controlled in accord 
ance with my method, and the embodiments of 
the controlling means are themselves susceptible 
of change, including means responsive to alter 
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nating as well as direct current, all within the 
scope of the appended claims. 

I claim: w 
1. In an amplifier including an electron dis 

charge tube having an envelope containing an 
anode, a cathode, and a control electrode, the 
method of operation which comprises applying 
to said tube anode and control electrode biasing potentials, having a predetermined ratio with 
respect to each other, creating a signal to be 
amplified having variations at audio frequencies, 
varying said anode and control electrode biasing 
potentials simultaneously in consonance with the 
envelope of said audio frequency variations and 
maintaining such ratio of anode and control 
electrode potentials during transition periods 
when said potentials are changing in response to 
said envelope. 

2. In an amplifier including an electron dis 
charge tube having an envelope containing an 
anode, a cathode and a control electrode, the 
method of operation which comprises developing 
anode and control electrode biasing potentials. 
from a common source and applying same to 
said tube, applying to said control electrode. a 
signal potential to be amplified having varia 
tions at audio frequencies, and varying said 
anode and control electrode blasing potentials 45 
simultaneously in consonance with the envelope 
of said audio frequency variations. ' 

3. In an amplifier including an electron dis 
charge tube having an envelope containing an 
anode, a cathode and a control electrode, the 
method of operation which comprises applying to 
said tube variable anode and control electrode 
biasing potentials, maintaining the ratio of said 
anode potential to said variable control electrode 
potential substantially equal to the amplification 
factor of said tube, applying to said control elec 
trode constant additional basing potential suf 
cient to maintain said tube at or near cut-of, 
applying a modulated signal potential to be 
amplified to said control electrode, and varying 
said anode and variable control electrode biasing 
potentials simultaneously in consonance with 
the envelope of the envelope of said modulated 
potential. 

4. In an amplifier including an electron dis 
charge tube having an envelope containing an 
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anode, a cathode and a control electrode, the 
method of operation which comprises applying 
to said tube variable anode and control electrode . 
biasing potentials, maintaining the ratio of said 
anode potential to said variable control electrode 
potential substantially equal to the amplification 
factor of said tube, applying to said control elec 
trode constant additional biasing potential suf 
clent to maintain said tube at or near cut-off, 
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rectifying a portion of the signal current to be 
externally modulated upon a carrier, varying 
said anode and variable control electrode poten 
tials in consonance with the envelope of said 
rectified current, and applying a carrier exter 
nally modulated by the unrectified portion of 
said signal current to said control electrode. 

5. In a class-B amplifier including an electron 
discharge tube having an envelope containing an 
anode, a cathode . and a control electrode, the 
method of operation which comprises applying 
to said tube variable anode and control electrode 
biasing potentials, maintaining the ratio of Said 
anode potential to said variable control electrode 
potential substantially equal to the amplifica 
tion factor of said tube, applying to said control 
electrode constant additional biasing potential 
Sufficient to maintain said tube in operation at 
or near cut-off, rectifying a portion of the modu 
lating signal current, varying said anode and 
variable control electrode potentials in conso 
nance with the envelope of Said rectified portion 
of the modulating current, delaying the unrecti 
fied portion of said current, and impressing a 
carrier modulated by said delayed current upon 
Said control electrode. 

6. An amplifier comprising an electron dis 
charge tube having an envelope, containing a 
cathode, an anode and a control electrode, means 
for obtaining anode and control electrode poten 
tials from a common supply Source, means com 
prising a low-pass rectifier-filter combination 
for passing a portion of the low-frequency pulsat 
ing direct current component derived from a sig 
nal current, means responsive to said portion of 
a signal passed by said rectifier-filter combina 
tion for utilizing said portion of said signal to 
control the output energy of said common anode 

7 
and control electrode potential supply source, 
and means impressing upon said tube, energy 
varying in accordance with the variations of 
unrectified signal current. 

7. An amplifier comprising an electron dis 
charge tube having an envelope containing a 
cathode, an anode and a control electrode, means 
for obtaining anode and control electrode poten 
tials from a common supply source, said means 
including a Saturable reactor, controllable by 
direct current, a low-pass rectifier-filter for 
passing through said reactor a portion of a low 
frequency pulsating direct current component, 
derived from a signal to be modulated upon a 
carrier, and means including a time delay cir 
cuit arranged to retard the modulation of such 
carrier with such signal. 

8. An amplifier comprising an electron dis 
charge tube having an envelope Containing a 
cathode, an anode and a control electrode, a 
common anode and control electrode potential 
supply, including a saturable reactor, controllable 
by direct current, having a fixed ratio of said 
anode potential to said control electrode poten 
tial substantially equal to the amplification fac 
tor of said tube, a low-pass rectifier-filter unit 
for passing a portion of a low-frequency pulsat 
ing direct current derived from the modulat 
ing signal through said reactor, a fixed source 
of additional control electrode bias sufficient to 
maintain the said tube, when energized, in a 
desired class of operation, a time delay circuit 
arranged to impress the unrectified portion of 
said current upon a modulating circuit, and 
means for impressing a carrier modulated thereby 
upon said tube. 

FREDERICKE, TERMAN. 

  


