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1

The present invention relates to electron dis-
charge tube ecircuits and more particularly to
push-pull systems.

Generally in balanced modulators the voltages
of the anodes are simultaneously varied in two
ways. In one way the voltages on the anodes
are inversly varied in relation to each other with
respect to ground. In a second way the voltage
of both anodes is varied in phase with respect to
ground. :

In certain systems, such modulators feed direct
current push-pull amplifiers, the anodes of the
modulator being directly coupled to the respective
grids of the amplifier with the cathodes of the
amplifier grounded. Such systems have fre-
quently proven unsatisfactory. This appears to
be due to the fact that the parallel shifting or
cophasal variation of the modulators’ anode po-
tentials with respect to ground changes the bias
of the amplifier tubes and shifts their operation
so as to distort the push-pull signal.

An object of the present invention is the pro-
vision of an improved direct current amplifier.

Another object of the present invention is the
provision of an improved amplifier in which the
bias of the tubes therein is substantially inde-
pendent of the parallel shifting with respect to
ground of its input voltages.

Another object of the present invention is the
provision of an improved modulator-amplifier
system with the amplifier either D. C. or A. C.
coupled to the modulator.

One of the difficulties encountered in balanced
modulators is that due to the differences in the
characteristies of the tubes used therein. Where
these tubes have different characteristics, it is
difficult to make them balance with respect to
ground.

Still another object of the present invention
is the provision of a balanced modulator in which
two tubes having slightly different characteris-
tics may be empiloyved and in which the balance
with respect to ground may be maintained despite
these differences.

Other and further objects of the present in-
vention will become apparent and the invention
will be best understood from the following de-
scription of embodiments thereof, reference being
had to the drawings, in which:

Hig. 1 is a schematic diagram of a modulator-
amplifier systern embodying my invention; and

Fig. 2 is a schematic diagram of another mod-
ulator-amplifier system of the push-pull type
embodying my invention.

Referring now to Fig. 1, the modulator- ampli-
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fier system of the push-pull type there illustrated
includes a balanced modulator { and a push-pull
D. C. amplifier 2. A source 3 of voltages to be
modulated is connected in push-pull through re-
sistors 4 and § to the grids 8§ and T respectively
of a double triode tube 8, consisting of two tube
sections § and {8 respectively. Voltages from a
source of medulsting voltages §f are applied
through resistors {2 and {3 cophasally to grids
8 and 7 respectively. Aneodes |4 and (5 are con-
nected respectively to the grids {6 and IT of a
double triode 18 consisting of two sections {9 and
2¢ in the push-pull amplifier 2.

In accordance with our invention, provision is
made for discrepancies between the two sections
9 and (€ of the double triode § which tend to
unbalance the circuit. Maintenance of balance
in the circuit is particularly difficult when the
modulating voltages produce wide variations in
grid swing or bias as for example, a shift in the
bias of the two sections between zero and cut-~off.
We have found that by adjusting both the normal
bias of the sections and the value of the load
resistors of each section; suitable balance can be
obtained over the entire range of operation of
the system. Accordingly means for making both
of such adjustments are included in the balanced
modulator of Fig. 1.

A fixed source of biasing potential 21 may be
arranged between the modulating voltage source
and ground. The cathodes 22 and 23 of sections 8
and {0 respectively are connected to the opposite
ends of the resistor of a potentiometer 24, the
arm of which is connected to ground. By vary-
ing the position of the arm of potentiometer 24,
the relative bias on bhoth sections can be varied,
said resistor serving as the cathode resistor for
both cathodes. TIf said resistor is large enough
the biasing source 21 may he dispensed with.

Anode {4 and anode {5 are connected to the
opposite ends of a load resistance generally desig-
nated by the numeral 25 which consists of two
resistors -28 and 27, preferably of equal value,
between which is arranged the resistor of a po-
tentiometer 28 whose arm is connected to an
intermediate point 29 of a source of D. C. poten-
tial 30 whose negative side is connected to ground.
A voltage divider 31 is arranged in parallel with
load resistance 25, voltage divider 31 being com-
prised of resistors 32 and 33 between which is
arranged the resistor of a potentiometer 24, the
arm of said potentiometer being connected to the
positive side of the D. C. source 38.

Voltage divider 31 has a resistance many times
that of load resistance 25, so that the effective
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load resistances of tube sections 9 and 10 are
determined by 25. By varying the position of
the arm of potentiometer 28, the value of the load
resistors of sections 9 and {0 are inversely varied
with relation to each other.

In practice, the balanced modulator is adjusted
in the absence of voltages from source 3, but with
voltages, usually sinusoidally varying, from source
if.
simultaneously adjusted until the trans-conduc-
tances of sections 9 and 10 track each other over
the entire range of voltages from source 1{. Usu-
ally after this operation, the voltages of anodes
14 and {5 are somewhat different, thus applying
different biases to grids 18 and 17 of the amplifier
tube sections 19 and 28. To correct this, the arm
of potentiometer 34 is then adjusted. The posi-
tive side of D. C. source 38 is several times as high
in potential as point 29 while the voltage divider
31 has g relatively large resistance. Therefore a
small current is bled through divider 31 into the
load resistance 25 and by adjustment of the arm,
of potentiometer 34, this current is proportioned
to vary the voltages of anodes 14 and 15 inversely
and equalize them.

In the D. C. balanced amplifier 2, the cathodes
35 and 36 of sections 19 and 20 respectively are
connected together, but in accordance with our
invention, instead of being tied to ground while
the grids vary cophasally with respect to ground,
the cathodes float with the grids in respect to
ground. For this purpose grid 16 is connected
through a resistor 37, and grid {7 is connected
through a resistor 38, to the common connection
point 29 of cathodes 35 and 35. By the foregoing
arrangement the cathodes 35 and 36 are not tied
to ground but instead vary with relation to
ground as do the grids 16 and {7 and the anodes
{4 and 15, the cathode potential with respect to
ground being equal to the average of the poten-
tials of grids 16 and (T each with respect to
ground. Resistors 37 and 38 are of such a value
as to provide the bias required for the sections 19
and 20 respectively. The anodes 40 and 4{ of sec-
tions 19 and 20 respectively are connected to out-
put terminals 42 and 43 and are connected by
means of load resistors 44 and 45 and line 48 to
the positive side of the source 30.

In certain double triodes, a single cathode is
used instead of two separate cathodes for each
section. In such cases when tubes of such type
are used in the modulator, cathode resistors as
shown in a balanced modulator | of Fig. 1 cannot,
be employed but other means must be used for
varying the bias on the two sections.
modulator utilizing such tubes is illustrated in
Fig. 2 in which the double triode 47 consists of
two sections 48 and 49 having a single cathode 50.
In balancing each of the said sections 48 and 49,
the cathode 508 is connected to ground by a con-
ductor 51. The source of potential 21 may pro-
vide a fixed bias but for the purposes of obtaining
a variable bias, a source 52 of biasing voltages,
which is balanced with respect to ground, is uti-
lized. The opposite sides of the source 52 are
connected through resistors 53 and 54 to the
opposite ends of the resistor of a potentiometer
558, whose arm is connected to the grid 58 of sec-
tion 49. A similar potentimeter 57 has its re-
sistor cross-connected by crossed conductors 58
and 59 to the opposite ends of the resistor of po-
tentiometer 58, the arm of potentiometer 57 being
connected to grid 60 of section 48. The arms of
potentiometers 85 and 57 are ganged together.
It will be seen that when these arms are moved

The arms of potentiometers 24 and 28 are .

A balanced :
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in the same direction, the bias applied to grids
56 and 60 will be inversely varied, that is, the bias
on one of said grids will be increased in a nega-
tive direction while the bias on the other of said
grids will be increased in an opposite direction.
This is accomplished without injecting the bias-
ing voltages into the modulating source (1, which
injection is usually undesirable. Thus our inven-

tion may be employed in adjusting the balance

of two sections of a double triode in which only
a single cathode is used for both sections. The
rest of the system of Fig. 2 is similar to the sys-
tem described with reference to Fig. 1, except that
the case of A. C. coupling between modulator and
amplifier is shown. A pair of condensers 61 are
used to couple the modulator to the amplifier.
The arm of potentiometer 28 is connected to the
positive side of a source of D. C. voltages 62 whose
negative side is connected to ground. The arm of
potentiometer 34 is connected to ground and to
the negative side of a source of D. C. potential
83 whose positive side is connected between resis-
tors 44 and 46.

While we have described above the principles
of our invention in connection with specific appa-
ratus, and particular modifications thereof, it
is to be clearly understocd that this description
is made only by way of example and not as a
limitation on the scope of our invention as defined
in the accompanying claims.

We claim:

1. A balanced modulator and direct. current
amplifier system comprising a balanced modula-
tor for modulating energy from a first source
with energy from a second source including a
first pair of electron discharge devices each hav-
ing an anode, cathode and grid, means coupling
said first source to the grids in push-pull, means
coupling said second source to the grids in par-
allel, means for inversely varying the bias of one
of the grids with respect to its cathode relative -
to the bias of the other of the grids with respect
to its cathode, a balanced amplifier including a
second pair of electron discharge devices each
having an anode, cathode and grid with the grids
coupled to the anodes of said first pair of elec-
tron discharge devices and the cathodes con-
nected with each other, resistance means inter-
connecting the grids of said second pair of elec-
tron discharge devices and having an interme-
diate point thereon connected with the cathodes
of said second pair of electron discharge devices
a first and second load resistance means for cou-
pling said modulator and said amplifier, a ca-
pacitive means, said first and second load re-
sistance means connected in parallel by said
capacitive means and interconnecting the plates
of said modulator and the grids of said ampli-
fier, respectively, adjusting means for inversely
varying the value of the load resistance of one
of said devices with respect to the value of the
load resistance of the other of said devices.

2. A system according to claim 1 wherein in
said balanced modulator said bias-varying means
includes a common cathode resistor connected
at opposite ends thereof to each of the cathodes
of the first mentioned electron discharge devices,
and means coupling a selected one of a number
of intermediate points on said resistor to the
negative side of the source of anode potential.

3. A system according to claim 1 wherein in
said balanced modulator the first-mentioned pair
of electron discharge devices are included within
a single envelope and include a single cathode
common to both of said devices, and said biasing
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means includes a source of biasing potentials
balanced to ground, a pair of potentiometers
having their arms connected to the grids of said
devices in said bhalanced modulator and their
resistances connected at opposite ends to said
balanced source of biasing voltages, said cathode
being connected to ground, and means for mov-
ing the arms of said potentiometer so as to in-
versely vary the effective bias applied to the
grid of one of said electron discharge devices in
said balanced modulator with respect to the grid
of the other of said electron discharge devices in
said modulator.

4. A balanced modulator and direct current
amplifier system comprising a balanced modu-
lator for modulating energy from a first source
with energy from a second source including a
first pair of electron discharge devices each hav-
ing an anode, cathode and grid, means coupling
said first source to the grids in push-puil, means
coupling said second scurce to the grids in par-
allel, means for inversely varying the bias of one
of the grids with respect to its cathode relative
to the bias of the other of the grids with respect
to its cathode, a balanced direct current ampli~
fier including a second pair of electron discharge
devices each having an anode, cathode and grid
with the grids connected separately to the an-
odes of said first pair of electron discharge de-
vices and the cathodes connected with each other,
resistance means interconnecting the grids of
said second pair of electron discharge devices
and having an intermediate point thereon con-
nected with the cathodes of said second pair of
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electron discharge devices, a first and second
load resistance means connected in parallel and
interconnecting the plates of said modulator for
coupling said modulator to said amplifier, ad-
justnient means on each of said load resistance
meains for inversely varying the value of the load
resistance of one of the said devices with respect
to the value of the load resistance of one other
of said devices, a direct current source, first con-
necting means for connecting said adjustment
means cf said first load resistance means to a
point on said diresct current source, second con-
necting means for connhecting said adjustment
means of said secend resistance means to a point
of higher potential on said direct current source
than ssid first connecting means, a third re-
sistance means for interconnecting the plates of
said amplifier, an infermediate point on said
third resistance means connected to said second
connecting means.
MILTON DISHAL.
JESSE S. LE GRAND.
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