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. 5 Claims. (Cl 179-1715) 
This invention relates to electron discharge 

amplifier circuits. . 
This application is a division of my former 

application, Serial No. 278,854, filed June 13, 
1939, and assigned to the same assignee as the 
present application. 

It has been a problem in the art of communi 
cation by modulated carrier waves to obtain a 
maximum amount of modulation at all times. 
in Order to use the carrier wave most efficiently. 
It is desirable to amplify signal waves with which 
a carrier is to be modulated in such a way that 
the average modulation depth approaches 100 
per cent as nearly as possible while retaining the 
fidelity of the signal waves. The design of my 
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amplifier is such that signal waves are amplified 
linearly up to some arbitrary amount which mod 
ulates the carrier wave at an arbitrary depth, 
such as 90 per cent, while for signal waves of 
greater level than this arbitrary value the am 
plification is reduced so that the output of my 
amplifier increases very slowly above this arbi 
trary value. It is accordingly an object of my 
invention to provide an improved and simplified 
audio amplifier of conventional construction 
which is adapted to supply amplified signal en 
ergy to any utilization circuit and at the same 
time controls the amount of amplification in re 
sponse to the relation of the amplified wave to 
an arbitrary level, 

In certain types of amplifiers, such as those 
used with transmitters of frequency modulated 
waves, or phonograph recording apparatus and 
the like, it is desirable to provide means respon 
sive to peaks of the signal waves of either polarity 
to control the amplification of the amplifier. In 
the case of frequency modulated waves the avail 
able band width of the receiver is definitely lim 
ited and the frequency modulated waves trans 
mitted must not exceed this band width in their 
frequency changes. In phonographic recording 
the available groove width must not be exceeded 
on either side. Many communication systems 
have similar limitations. It is therefore an addi 
tional object of my invention to provide improved 
amplifying apparatus continuously adjusted in 
amount of amplification in response to the level 
of peaks of alternating voltage of either polarity. 
The features of my invention which I believe 

to be novel are set forth with particularity in the 
appended claims. My invention itself, however, 
both as to its organization and method of opera 
tion, together with further objects and advan 
tages thereof may best be understood by refer 
ence to the following description taken in con 
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nection with the accompanying drawing in which 
the single figure is a circuit diagram illustrating 
schematically, an audio amplifier embodying my 
invention. w ( . 

Referring to the figure, a suitable source of 
audio frequency waves is represented by an input 
transformer f0, across the secondary of which 
a voltage dividing resistance is connected. , 
The primary of the transformer O may be suit 
ably supplied with audio frequency waves from 
a microphone or a phonograph pickup, or the 
like. One end of the resistance it is connected 
to ground and is also connected through a cath 
ode bias resistor 2 and a bypass condenser 3 
to the Cathode of a pentagrid tube 4. The mov 
able contact of the resistance is connected to 
the first grid of tube 4, which serves to amplify 
voice waves applied through transformer f0. 
The anode of the tube 4 is connected through 
a resistor 6 and a resistor 6 to a suitable source 
of operating potential. The second and fourth 
grids of the tube 4 are screen grids and are con 
nected through a resistor 7 to a point between 
resistors f S and 6 in order to provide the screen 
grids with the proper biasing potential. These 
two screen grids are connected by a condenser 
8 to the cathode of tube 4. Another condenser 

f 9 connects the point between resistors 15 and 
6 with the cathode of tube f4. The fifth grid of 
tube f4 is connected directly to the cathode and 
acts as a suppressor grid. 
Voice waves applied to the first or control grid . 

of the tube 4 through the transformer O pro 
duce corresponding variations in anode potential 
of the tube f4 due to the variations, in voltage 
drop through resistor f3. These variations in 
voltage are coupled by a condenser 20 to the 
control grid of a triode tube 38. The cathode 
of the tube 38 is connected to ground through . 
Cathode biasing resistor 22. A grid resistor. 24 
is connected from the grid of tube 38 to ground 
to provide proper bias potential for the grid. 
Resistor 22 is shunted by a bypassing condenser 
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25. The anode of the tube 38 is connected 
through a resistor 26 to a suitable source of oper 
ating potential. J 
The grid of tube 38, which is supplied with 

voltage variations by condenser 20, causes volt 
age variations on the anode of tube 38 due to . 
the voltage drop through the resistor 26. These 
anode voltage variations are coupled through a 
condenser 27 to the primary of a transformer 28. 

55 
The other end of the transformer primary is 
connected to the cathode of tube. 38. The ends 
of the Secondary of transformer 28 are connected 



2 
respectively to the grids of a pair of tubes 29 
and 30 arranged in push-pull relation. The Sec 
ondary of the transformer 28 has a center tap 
connection which is grounded and is also con 
nected through a resistor 3 shunted by a bypass 
condenser 32 to the cathodes of the tubes 29 and 
30. The anodes of the tubes 29 and 30 are con 
nected respectively to the ends of the primary 
of a transformer 33. 
of the primary of transformer 33 is connected 
to a suitable source of anode potential. The Sec 
ondary of the transformer 33 is adapted to sup 
ply amplified audio waves to any suitable de 
vice. This device may, for example, be the mod 
ulation stage in a radio transmitter, with which 
my invention is particularly useful. 
A typical plate modulated transmitter, as illus 

trated, may include a source 60 of operating 
potential for a carrier wave power amplifier de 
vice 6 ?. The negative terminal of the Source 60 
is grounded and the positive terminal is con 
nected through the secondary of transformer 33 
and through a tuned circuit 62 to the anode of 
the device S, whose cathode is grounded. A 
carrier wave source 63 impresses a carrier wave 
upon the device 6 to be amplified therethrough 
by an amount governed by the operating poten 
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A center tap connection 
O 
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43, even such minimum feedback produces 
through each diode Some alternating potential 
on the third grid of tube 4. Alternating poten 
tial of one phase is fed back from tube 29 through 
condenser 45, one half of tube 43, and resistance 
36 to the third grid of tube. 14, but alternating 
potential of opposite phase is fed back simultane 
ously from tube 30 through condenser 44, the 
other half of tube 43, and resistance 36 to the 
third grid of tube 4. These two alternating 
potentials of opposite phase produce substantially 
complete neutralization of each other on the 
third grid of tube 4, and thus both regenerative 
and degenerative effects in the grid control con 
nections are avoided. 
The proper adjustment of my amplifier for 

use in a radio transmitter is such that the out 
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tial supplied through transformer 33. The ampli- i. 
fied carrier wave in the tuned circuit 62 is radi 
ated from an antenna, 64. 
A pair of voltage dividing resistances 39 and 

40 are connected across a suitable Source of direct 
current. The sliding contact of the resistance 
39 is connected through a conductive impedance 
4 f, which is shown for convenience as a pure 
resistance, to the cathode of a diode element of 
a tube 43. Similarly the sliding contact of the 
resistance 40 is connected through a conductive 
impedance 42, also shown as a resistor, to the 
cathode of a second diode element of the tube 
43. The cathode of the first diode is connected 
through a condenser 44 to the anode of tube 30. 
The cathode of the other diode is connected 
through a similar coupling condenser 45 to the 
anode of tube. 29. 
The anodes of these two diodes are connected 

together and to ground through a resistor 46. 
These anodes are also connected through re 
sistor 36 to the third grid of tube 4, which is 
coupled by the condenser 37 to ground. 
In operation, under the condition when no 

signal is being amplified, the cathodes of the 
tube 43 are maintained at positive potentials with 
respect to ground by amounts equal to the volt 
age from the sliding contacts of the respective 
resistances 39 and 40 to ground. The anodes of 
tube 43 are maintained at ground potential by 
resistor 46. 
When signals are amplified by the arrange 

ment, the voltage variations of the anodes of 
tubes 29 and 30 are impressed on the cathodes 
of tube 43. These voltage variations due to 
signals make the cathodes of tube 43 less posi 
tive during certain portions of the signal wave. 
When these cathodes become negative due to a 
signal of greater level than that necessary to 
overcome the respective positive bias voltage 
produced by resistances 39 and 40, the tube 43 
passes current and the anodes of tube 43 become 
negative with respect to ground. This produces 
a similar negative voltage on the third grid of 
tube f4 and reduces the amplification thereof. 
Although there is little capacity between the 

anode and cathode of a diode, so that feedback 
is a minimum through such capacity in the tube 
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and tube 30 those of the other. 

put of transformer 33 rises linearly in accordance 
with the input to transformer O up to a critical 
value at which the output from the transformer 
33 is sufficient to modulate the carrier wave with 
a predetermined depth, such, for example, as 
90 per cent. Any other suitable depth may be 
chosen as desired. The operation of my amplifier 
then prevents any great rise in output from 
transformer 33 above this value and accordingly 
reduces tremendously the possibility of over 
modulation. With an amplifier of this type there 
can be no appreciable distortion of the modulated 
carrier wave with corresponding radiation at un 
desired frequencies, since over-modulation may 
be completely prevented except for momentary 
transientS. 

It has been found that some music and most 
speech, when translated into electric wave energy, 
has greater peak amplitudes of one polarity than 
of the other. Since the phenomenon called 
"over-modulation' with the accompanying radia 
tion of spurious signals is due principally to flat 
tening of the carrier envelope on the zero axis 
rather than by extension of the maximum carrier 
amplitude beyond the level at twice the ampli 
tude of the carrier when unmodulated, it is de 
sirable that such higher peaks of a signal Wave 
produce the positive modulation peaks or maxi 
mum carrier amplitudes and that the smaller 
peaks of opposite polarity produce the negative 
modulation peaks of the carrier. The provision 
of such operation allows more energy to be 
radiated for a given signal wave, assuming maxi 
nun permissible modulation, with a correspond 
ing increase in efficiency. It is desirable, there 
fore, to secure such operation, to pole the out 
put from transformer 33 to insure that the peaks 
of higher polarity produce positive modulation 
peaks. It is, of course, first desirable to pole the 
input to transformer 10, from the microphone or 
the like, so that the reduction of amplification 
shall be initiated in response to the lower peaks 
of the signal wave. ) 

It should be noted particularly that tube 29 
amplifies signal voltage swings of one polarity 

Hence, if the 
signal peaks of either polarity increase more than 
predetermined amounts, the tube 43 passes cur 
rent in the corresponding diode element and the 
amplification of tube 4 is reduced. It should 
also be noted that the predetermined levels at 
which the two diode elements pass current may 
be separately adjusted by the sliding contacts of 
the two resistances 39 and 40. They are prefer 
ably adjusted in proportion to the magnitude of 
alternating voltage on the respective anodes of 
tubes 29 and 30 for the particular type of signal 

75 being amplified. 
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While I have shown a particular embodiment 

of my invention, it will, of course, be understood 
that I do not wish to be limited thereto, since 
different modifications may be made both in the 
circuit arrangement and instrumentalities e 
ployed, and I aim by the appended claims to 
cover any such modifications as fall within the 
true spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, an amplifier having a 

balanced Output circuit, a pair of rectifiers, Said 
rectifiers having a direct current load resistance, 
separate means to bias each rectifer to a nor 
mally non-conductive condition, means to supply 
alternating potential from the respective op 
posite sides of Said output circuit to a corre 
sponding one of said rectifiers, whereby each 
rectifier becomes conductive when its respective 
bias is overcome by said alternating potential 
and direct current tends to flow in the load re 
sistance, and means to control the amplification 
of said amplifier in response to the potential on 
said resistance, the bias supplied to the different 
rectifiers by said biasing means being propor 
tioned in accordance with the magnitude of al 
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rectifier to a normally non-conductive condi 
tion, means to supply alternating potential from 
the respective opposite sides of Said balanced 
circuit to a corresponding one of Said rectifiers, 
whereby each rectifier becomes conductive when 
its respective bias is overcome by said alternat 
ing potential and direct potential is impressed 
on said point, and means to control the ampli 
fication of said amplifier in response to the 
potential on said point, the bias supplied to the 
different rectifiers by said biasing means being 
proportioned in accordance with the magnitude 
of alternating voltage on the respective sides of 
Said balanced circuit. 

4. In an electron discharge amplifying device 
including a balanced circuit, a pair of unidirec 
tional conducting circuits, separate means in 
each of Said unidirectional circuits to bias said 
circuits to a normally non-conductive condi 
tion, means to supply alternating potential from 
the respective opposite sides of said balanced 
circuit to a corresponding One of Said unidirec 

ternating voltage on the respective sides of the 
output circuit. 

2. Modulating means for modulating the in 
tensity of a carrier Wave in accordance with a 
signal, said means comprising a signal amplifier 
having separate rectifiers for rectifying positive 
and negative half cycles of said signal, a sepa 
rate bias potential source tending to maintain 
each of said rectifiers in non-conducting condi 
tion, whereby current flows in the respective 
rectifiers only when said positive and negative 
half cycles exceed the corresponding bias poten 
tials, and means to reduce the amplification of 
said amplifier in response to current flowing in 
either of said rectifiers, said positive half cycles 
being of greater intensity than said negative 
half cycles and said modulating means being 
arranged to decrease the intensity of said car 
rier in response to negative half cycles of sig 
nal, said bias potential corresponding to said 
negative half cycles being adjusted substantially 
to prevent decrease of said carrier wave to zero 
intensity, and said bias potential corresponding 
to said positive half cycles being adjusted to 
prevent increase of said carrier above a prede 
termined intensity. o 

3. In an electron discharge amplifying device 
including a balanced circuit, a pair of rectifiers 
connected separately to impress a direct poten 
tial on a point, separate means to bias each 

tional circuits, whereby each of said unidirec 
tional circuits becomes conductive when its re 
spective bias is overcome by said alternating 
potential and tends to maintain a point at a 
direct potential, and means to control the am 
plification of said amplifying device in response 
to the direct potential on said point produced 
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by either of said unidirectional conducting cir 
cuits. 

5. In a system having a carrier wave Source, 
a signal source, and amplifying means for modu 
lating the intensity of the carrier wave from said 
carrier wave source in accordance with the sig 
nal from said signal source, the combination of 
a pair of rectifiers, separate means to bias each 
rectifier to a normally non-conductive condi 
tion, said biasing means being separately ad 
justable whereby conduction occurs in each rec 
tifier at a different potential, means to supply 
alternating potential from said amplifying 
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means to one of said rectifiers and to supply 
alternating potential of opposite phase from said 
amplifying means to the other of said rectifiers, 
whereby each of said rectifiers becomes conduc 
tive when its respective bias is overcome by the 
corresponding alternating potential and means 
to control the amplification of said amplifying 
means in response to the conduction of current 
through either of said rectifiers, whereby either 
increase or decrease of intensity of said carrier 
wave may be limited to predetermined differ 
ently adjustable limits. 

GEORGEM, BROWN. 


