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1
This invention relates to a circuit-arrange-
ment for the transmission of electrical oscilla-
tions, more particularly -of intermediate fre-
quency and/or high-frequency  oscillations, by
means of at least two push-pull connected dis-
charge systems, notably two discharge systems
housed in-a single bulb, of which the cathodes
and the screen-grids, if any, are directly inter-
connected in pairs inside the bulb. oo
" In the case.of low-frequency.push-pull ampli-
fiers it is known to improve the equality of the
direct current loads of the two discharge tubes
used in the amplifier by causing each tube to pro-
duce its own grid bias, namely by causing the
anode current. to ‘bring about -a voltage drop
across .a resistance included. in: the cathode lead.
Tt is also known to attain the aforesaid object
by including a resistance in the screen-grid cir-
cuits of each of the tubes. L

These known methods, however, cannot longer -

be used if the two push-pull discharge systems
are housed in a single bulb, since in this case, as
a rule, the cathodes are interconnected- within
the bulb.in order to minimize the inductance of
the cathode-lead, which is advantageous in
transmitting: ultra-short waves. In: this case it
frequently ~occurs, Imoreover, that the screen-
grids are likewise directly interconnected inside
the bulb, this having under certain circumstances
the advantage of permitting the cathodes of the
two discharge systems to be placed more closely
together, so that this measure also yields a lower
inductance . of ‘the cathode-lead. - Direct inter-

10

value of the anode current is entirely or partly
supplied to a control-grid of the corresponding
discharge system in such manner that equal or
substantially equal “direct current loads of the
discharge systems are automatically ensured. -
As a rule the direct voltages are each supplied,
through one or more resistances, to-the corre-
sponding control grids. - - s
Each of the aforesaid direct voltages is prefer-
ably supplied to a ' confrol-grid of the corre-
sponding discharge-system through a potentiom-
eter which is connected between the anode and
the junction of the cathodes or a point of con-
stant potential (earth). ° : L
The undue positive nature of the voltage thus
set up at the control-grids may be eliminated by
inserting &’ resistance in the common cathode-
lead of the two. discharge systems, for example,
between the junction of the cathodes and the
interconnected ends of the aforesaid’ potentiom-
eters, the said resistance being proportioned in
a manner such that the desired negative bias is
set Up at the control-grids of the discharge sys-
tems. e )
In order that the invention may be clearly

" understood and readily carried into effect, it will
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connection of the screen-grids is sometimes even .

necessary viz. if, in the case of short waves, there

occurs resonance between the inductances ‘of the
screen-grid leads -and the screen-grid capacities.
In_ these - cases ‘the conventional circuit-ar-
rangements cannot be used any longer, since the
use of these circuit-arrangements requires the
cathodes and the screen-grids respectively to be
provided separately. . )

“The invention provides a circuit-arrangement
which also automatically ensures equal or sub-
stantially equal direct current loads of the two

discharge, systems, and which is also adapted to

be used when the known circuit-arrangements
are no longer serviceable for the aforesaid rea-
sons. Under certain conditions the circuit-ar-
rangement. according to the invention yields bet-
ter results than the known circuit-arrangements.
. - According to the invention each:of the anocde
circuits of the discharge systems includes a re-
sistance and each of the direct voltages set: up

across these resistances and varying with the
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now be deseribed more fully with reference to the
accompanying drawing, in which one form of
construction of -the circuit-arrangement accord-
ing to the invention is" représented by way of
example. ) Lo

This drawing represents g circuit-arrangement
for amplifying - high-frequericy oscillations by
means of two push-pull connected discharge
systems 1, 1”’, each comprising a cathode 2, 2'’,
a control-grid 3’, 3’’, a'screen-grid 4, 4’’, a sup-
pressor 5%, 5’7 and an anode 6’; 6" respectively.
The two systems 1’, {’’ are housed in a single.
bulb. - The suppressor grids 5, 5’’, screen-grids
4’, 4’ and cathodes 2’, 2* are interconnected in
pairs inside the bulb, the suppressor grids being,
moreover, directly  connected to the cathodes.
The two discharge systems may be so constructed
as to have a common cathode. S

A push-pull circuit T, which is tuned to the
frequency of the oscillations to be amplified, is
connected between the- control grids 3’ and 3'’.
This circuit comprises a variable condenser 8 and
two coils 9°,°9’’, the latter being interconnected
through the series-connection of two. blocking
condensers {0%, 18, R : o

The amplified oscillations. may: be obtained
from an output circuit {1 connected in push-pull
arrangement between the anodes 6, 6’7. . The

5 push-pull circuit (I is composed in:the same
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manner as the input circuit T and is constituted
by a variable condenser 12, two coils 13’, 13’ and
two blocking condensers i4’, 14’’. The centre
- of the push-pull circuits T and I{ (the junction
of the blocking condensers 10’, 10’* and 14’, 14’
respectively) isearthed.

The cathode-lead includes a resistance {5 and
the screen-grid circuit comprises a resistance 16.

The circuit-arrangement so far described suf-
fers, in general, from the drawback that very
different anode currents flow through the two
discharge systems I’ and 1, sinice, owing to small
disparities in construction, in contact potentials
or in mutual conductances, the location of the
working point of each discharge system may
slightly vary. This is often undesirable, particu-
larly if stringent requirements are imposed on
the equilibrium of the output signal. It is there-
fore desirable to construct the push-pull circuit-
arrangement in such manner that anode-current
differences are automatically neutralized.

However, the conventional -circuit-arrange-
ments used for this purpose cannot be used in
the present case, since in these circuits use is
made of the cathode-leads and the screen-grid
leads respectively of each of the discharge sys-
tems, in contradistinction to the circuit-arrange-
ment according to the invention, which may also
be used in the present case and which, under cer-
tain conditions, ensures even a greater equality
of the direct current loads of the two discharge
tubes than the knewn circuits..

According to the invention each of the anode
circuits includes a resistance U7/, 17’/, at which
direct voltages are set up which depend upon
the anode current in question. Part of the direct
voltage set up across resistance 1717.and 17"’ re-
spectively is supplied to the control-grid 3’ and
3" respectively through a potentiometer 18’ and
18"’ respectively.

The circuit-arrangement operates as follows:
If for some reason the anode current of any of
the discharge systems should exceed its normal
value, the anode voltage falls off. Owing to this
the potential of the associated control-grid de-
creases, so that the increase in anode current is
eounteracted by the decrease in control-grid
voltage.

A simple calculation proves that by the circuit-

arrangement any anode current variations (which .

may, for example, occur upon interchanging the
discharge systems) are reduced to a fraction des-
ignated f of the initial value, f being equal to

a
14pES

in which S represents the mutual conductance of
the discharge system, R the value of the resist-
ance in the anode circuit and » the potentiom-
eter ratio.

In this case the circuit-arrangement automati-
cally seeks to maintain the anode current value
once adjusted.

The potentiometer sets up a positive voltage at.
the control-grid. In order to ensure that the
control-grid has the required negative bias rela-
tively to the cathode, the common cathode-lead
includes the aforesaid resistance i5, through
which the two anode currents flow. . "The resist-
ance 15 has such a value that the voltage drop
across this resistance sets up a positive potential
at the cathode, which is so much higher than that
of the control-grids relatively to earth that the
latter acquire the customary negative bias for the
normal working point. :

[}
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From the aforesaid expression it appears that
the neutralization of the relative difference in
value of the anode currents will be better as the
value of resistance R is higher and as the poten~
tiometer ratio nears unity. The value of the
available supply voltages determines what values
of R and » are permissible. The circuit-arrange-
ment will be more fully explained by giving a
numerical example,

The elements of the circuit-arrangement as
shown in the drawing, inasmuch as they are es-
sential to the invention, have the following
values:

R117=R17/=2500 ohms

- R1g'=R15=550,000 ohms
p:.—O.l
Ri15=1150 ohms
R16=1700 ohms

the supply voltage being 300. The data of the
discharge systems used are:

Va=Vg2=250 volts
~Vg1=2 volts
Ia=10 ma,.
Ig2==1.8 ma.

S=6 ma./volt

Two sets (A and B) of these discharge systems
are successively connected in push-pull arrange-
ment in the usual manner, i. e. without making
use of the invention, the following anode-current
strengths being measured:

In the case A: Ia1=13.8 ma.; Jaz—4.4 ma.
In the case B: Ia1=8.5 ma.;: Ia2—6.9 ma.

Thereupon the same sets of discharge systems
are used in the circuit-arrangement according to
the invention, the measuring results being:

A Ioi=11.9 ma.; Ig2=10.2 ma.
B: Iai=11.5 ma.; Ig2=9.9 ma.

Thus it is evident that the anode currents of
the push-pull connected discharge systems have
become substantially equal. In. one case the fac-
tor 7 has a value of 0.25, i. e. twice as low as that
generally obtained in the conventional circuit-
arrangement comprising resistances in the screen-
grid circuits, which means that the - circuit-
arrangement operates twice as effectively.

‘What I claim is:

1. A push-pull amplifier comprising a pair of
electron-discharge systems included in a common
envelope, each system having a cathode, a grid
and an anode, the cathodes of said systems be-
ing directly interconnected within said envelope;
a push-~pull input cireuit including a condenser
connected between the grids of said systems, a
pair of inductors and a pair of by-pass capacitors,
one enc_:l of each inductor being connected to g
respective grid, the by-pass capacitors being con-
pected in series between the other ends of said
1n(_iuct0rs, the junction of said by-pass capacitors
being grounded; a push-pull output circuit in-
cluding a condenser connected between the anodes
of said systems, a pair of inductances and a pair
of by-pass capacitances, one end of each induet-
ance being conneeted to a respective anode, said
by-pass capacitances being connected in series
petwgen the other ends of said inductances, the
Junction of said by-pass capacitances being
grqunded, means to couple said interconnected
cathodes to ground, a pair of resistors serially
connected across said series connected by-pass
capapitances, means to apply a positive Ppotential
rglatlve to ground to the junction of said resistors,
whereby a voltage is developed across each re-
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sistor proportional solely to the direct current
flow therethrough, and means coupled to each

resistor to apply the voltage thereacross to a re-

spective grid to maintain substantially equal di-
rect currents in said systems.

5

2. An arrangement, as set forth in claim 1, -

wherein said means to apply the voltages across

said resistors to said grids is constituted by a pair

_of potentiometers, each having a tap, said po-

tentiometers being connected in series across said

10

serially connected resistors, the tap of each
potentiometer being connected to a respective ~

grid, the junction of said potentiometers being
grounded.
KLAAS RODENHUIS.
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