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_'Our invention has for its object the amplitude
modulation of impulses and it covers more par-
ticularly the production of impulses the ampli-
tude of which is a linear function of the modulat-
ing voltage within the total range of variation
of the letter, said amplitude being capable of
sinking to zero.

‘A method in current use heretofore for produc-.

ing such a modulation consists in sending un-
modulated impulses to the controlling grid of a
‘pentode tube, the suppressor grid of which re-
ceives the modulating voltage in addition to a
suitable negative bias. It is thus possible to ob-
tain an amplitude modulation of the impulse
but the amplitude of the impulse is not in this
case o linear function of the modulating voltage,
chiefly because the characteristic curve of a
pentode is not linear when the anode current
"approaches zero; as a matter of fact, said char-
acteristic curve is such that the anode current is
a function of the voltage of the suppressor grid
‘when the other electrodes are submitted to un-
varying voltages. Moreover this method implies

the necessity of providing a negative bias to the .

suppressor grid, which is a drawback in many
cases. . .. -

According ‘to the present invention, it is pos-
sible to use in this case a multi-grid tube such as
a hexode or a tube having a number of grids
higher than that generally used in frequency
changing tubes.

The unmodulated 1mpulse is applied to one of
the control grids, say the first grid while the
modulating voltage is applied to the second or
control grid.

. Accompanying drawings show respectlvely in
PFigs. L and 2 two embodiments of our invention
given by way of example and by no means ina
binding sense.

" In Fig. 1, | designates the hexode. tube used.
The cathode of this tube is grounded and the
sereening grids are brought to suitable positive
voltages. Similarly the suppressor grid, if such
‘& grid is used, is brought to a suitable constant
voltage; it may for instance be connected for this
purpose with the cathode. The source of un-
modulated impulses is shown at 2 and the im-
_pulses are fed to.the first grid through the con-
‘denser 3, said grid being grounded through the
resistance 4.
again in their positive direction. Their ampli-
tude is at least equal to.the cut off voltage of the
tube that is to the absolute value of the negative
_voltage that it is necessary to apply to said grid
‘for cutting off the anode current of the tube.

The impulses are 4applied here &
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The time constant of the system 3—4 is ‘consid-
erably higher than the duration separating two
consecutive impulses fed by the source 2.

It is & known fact that under such conditions,
the action of the grid cathode current-is such
that during the interval separating two impulses,
the grid of the tube is brought to a value less than
the cut off value, said grid assuming a potential -
pra.ctmaﬂy equal to that of the cathode at the
moment of the passage of the impulses, this being
the usual well known effect of peak detectors.
The consequence is that, whatever may be the
amplitude of the pulses fed by the source 2 pro-
vided they are higher than the above mentioned
cut off voltage, the tube is locked between the
impulses as the grid is brought to the potentlal
of the cathode only at the moment of the passage
of the impulses so as to release the tube at thls
moment and only at this moment.

The modulating voltage provided by the source
of positive voltage 5 which varies slightly as a
function of time and that may reach the value
zero, is applied to the second controlling grid of
the tube | so as to amplitude modulate the im-
pulses produced by said tube as a function of the
instantaneous veoltage of said supply 5.

According to an important feature of our in-
vention, an improved linearity of the impulses is
obtained through a feedback system inserted be-
tween the supply & and the second controlling
grid 6. This feedback includes a resistance T
inserted between the source 5 and the grid 6 and
a condensér 8 inserted between the anode 9 of
the tube | and the point connec’mnd the grid 6
with the resistance 7.

10 designates the load resistance inserted in
the anode circuit, said resistance being connected
through its end opposed to the anode with a high
voltage source that is not illustrated.

The impulses provided at the output of the tube
| are supplied to the output circuit connected at
a, point between the anode 9 and the resistance
10, to the terminals {1 and 12.

The feedback arrangement described operates
as follows:

The above disclosure shows that the tube is
locked during the intervals between the succes-
sive impulses and is capable of feeding current
only at the moment of the passage of the latter.

At this moment the voltage at the point be-
tween the anode 8 and the resistor 12 drops sud-
denly by reason of the instantaneous drop in

‘voltage through the resistance 10; .this drop in

voltage is transmitted almost 1ntegrally through

‘the condenser 8 to the grid 6 because the re-
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sistance 7 is of a high value compared to the in-
ternal resistance of the source 5.

Calculation shows that if the product of the
internal resistance of the tube | and the slope
of the curve, giving the anode current of the tube
as a function of the variation in potential of the
grid 6, is substantially greater than 1, the voltage
of the grid 6 at the moment of the passage of the
impulse, which voltage is due both to the action
of the resistance T and condenser 8 and to the
voltage it has received from the source 5 imme-
diately before, is such that the drop in voltage
across the resistance 10 is precisely equal to the
value of the modulating voltage applied to the
grid 6 at the moment of the arrival of the im-
pulse, in spite of the curvature of the characteris-
tic curve of the tube. This provides an impulse
that is a linear function of the instantaneous
modulation voltage provided by the source 5; it
is even apparent that this linear function is re-
duced to equality. Consequently for a zero volt-
age of the source 5, the impulse obtained is wiped
out.

Tn order to avoid any substantial modification
in the voltage of the grid 6, while the impulse is
being transmitted, the condenser 8 is given a
sufficient capacity for the time constant of the
system T—8 to be high with reference to the
duration of said impulse.

An important application of the invention is
that wherein several systems of the type illus-
trated in Fig. 1 are used, for providing a multi-
plex communication. The simplest manner of
proceeding in this case consists in inserting sev-
eral tubes in parallel with the common anodic
resistance 10, said tubes receiving unmodulated
impulses that are staggered as to time and sepa-~
rated modulating voltages, whereby there is col-
lected across the terminals {i—I12 the desired
train of impulses, while a supplementary member
may provide the synchronising impulse. In such
an arrangement, the following drawback ap-
‘pears:

The condenser 8 is in this case loaded not only
through the impulse of the tube to which it is
connected but also through the impulses of all
the tubes inserted in parallel; consequently it
cannot discharge with sufficient rapidity between
two consecutive impulses of the train of impulses
and the result is that at the beginning of the pas-~
'sage of -an impulse through the tube considered,
the voltage of the grid 6 is not exactly that of
the source § which leads to cross-talk or inter-
action between the different channels of the
multiplex communication system.

Fig. 2 shows a modification of the arrange-
ment that removes this drawback. The elements
already shown in Fig. 1 play the same part and
have received the same reference number. Thus
the anodes of all the tubes such as I are con-
nected in parallel with the lower end of the re-
sistance 10.

Now according to a further feature of our in-
vention, there is connected between the resist-
ance 10, common to all the tubes, and each of the
tubes, such as I, a diode {3, the anode of which
is connected to the resistance 19 and the cath-
ode to the-anode of the tube {. The condenser 8
is connected to a point between the cathode of
diode i3 and the anode of tube {. There is thus
inserted in series with the high voltage anode
source, in addition to the resistance 10 and tube
f, the diode (3. By reason of the presence of
such a diode, it is apparent that the negative
impulses praduced .in the .resistance {0 by tuhes
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other than the tube | considered, are without
any action on the condenser 8 of said tube I as
the diode 13 prevents their passage. This re-
moves completely the above mentioned draw-
back.

Obviously, the diode 13 may be replaced by
rectifiers and many other details may also be
changed without widening unduly the scope of
our present invention as defined in accompany-
ing claims.

‘Our invention is applicable in particular to
advantage to different measuring systems oper-
ating through impulses.

What we claim is:

1. A mixing tube circuit adapted to provide
amplitude medulation impulses in linear rela-
tionship with modulating voltages, comprising a
mixing tube having a plurality of grids, means
for feeding unmodulated impulses to one of said
grids, means for feeding a modulating voltage to
a second one of said grids and a feedback system
coupling said second.grid with the anode of said
tube to produce the aforesaid linear relation-
ship.

2. A mixing tube circuit adapted to provide
amplitude modulated impulses in linear rela-
tionship with modulating voltages, comprising a
tube having & plurality of grids, means for feed-
ing unmodulated impulses to one of said grids,
means for feeding a modulating voltage to a sec-
ond one of said grids and a feedback  system
coupling said second grid with the anode of said
tube, said feedback system including a resistance
in series with said last mentioned grid and a
capacitor connected to provide a connection be-
tween said last mentioned grid and said anode
to produce the aforesaid linear relationship.

3. In a mixing tube circuit adapted to provide
amplitude modulated impulses in linear relation-
ship with modulating voltages, comprising a mix-
ing tube having a first grid and a second grid
and an anode, a source of unmodulated impulses,
connections for connecting said source to said
first grid, said tube being biased to cutoff and
the amplitude of said impulses being such as to
overcome said bias and permit current to flow
through said tube, a source of modulated im-
pulses connected to said second grid and a feed-
back system connected to the anode of said tube
and to said second grid, said feedback system
comprising a resistor-capacitor circuit having a
time constant that is high compared to the dura-
tion of the individual impulses of said second
source, said feedback system functioning to pro-
duce a linear relationship between the amplitude
modulated impulses in the output of said tube
and the voltage of said modulated impulse
source.

4. In a mixing tube circuit adapted to provide
amplitude modulated impulses in linear relation-
ship with modulating voltages, comprising a mix-
ing tube having a first grid and a second grid
and an anode, a source of unmodulated impulses,
a resistor-capacitor circuit having a time constant
considerably greater than the duration separating
two consecutive impulses of said source, connec-
tions for connecting said resistor-capacitor cir-
cuit between said source and said first grid, said
tube being biased to cutoff and the amplitude of
said impulses being such as to overcome said bias
and permit current to flow through said tube, a
source of modulated impulses connected to said
second grid and a feedback system connected to
the anode of said tube and to said second grid,
said feedback system functioning to produce
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linear relationship between the amplitude modu-
lated impulses in the cutput of said tube and the
voltage of said modulated impulse source.

5. In 2 mixing tube circuit adapted to provide
amplitude modulated impulses in linear relation-
ship with modulating voltages, comprising a mix-
ing tube having a first grid and a second grid and
an anode, a source of unmodulated impulses, a
resistor-capacitor circuit having a time constant
considerably greater than the duration separating
two consecutive impulses of said source, connec-
tions for connecting said resistor-capacitor cir-
cuit between said source and said first grid, said
tube being biased to cutoff and the amplitude of
said impulses being such as to overcome said
bias and permit current to flow through said tube,
g source of modulated impulses connected to said
second grid and a feedback system connected to
the anode of said tube and to said second grid,
said feedback system comprising a resistor-capac-
itor cireuit having a time constant that is high
compared to the duration of the individual im-
pulses of said second source, said feedback sys-
tem functioning to produce a linear relationship
between the amplitude modulated impulses in the
output of said tube and the voltage of said modu-
lated impulse source.

8. In a mixing tube circuit adapted to provide
amplitude modulated impulses in linear relation-
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ship with modulating voltages, the combination
of a tube having a plurality of grids and means
for feeding to one of said grids unmodulated im-
pulses and further means for feeding a modu-
lating voltage to a second one of said grids and
a feedback system coupling the said second grid
with the anode of said tube, said tube having a
characteristic such that the product of the in-
ternal resistance of said tube and the slope of
the anode current curve with reference to the
variations in potential of said last mentioned grid
is substantially greater than 1.
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