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The Invention relates to an amplifying system
for ultra-high frequencies which comprises two
amplifying systems in push-pull connection which
are each constituted at least by a cathode, a con-
trol grid, a screen grid and an anode and it has
for its purpose to provide means for neutralizing
in such a system the retroaction of the anode
voltage on the control-grid eircuit.

With the usual broadcast frequencies this retro-
actlon is almost exclusively caused hy the anode-
control grid capacity Cess. With higher fre-
quecles the self-inductions and the mutual In-
ductions of the supply conductors leading to the
tube electrode also play a part with the result
that the phenomena become much more compli-
cated. However, for these higher frequencies,
the retroaction may still be imagined to be
brought about by a capacity Csg’ which Is opera-
tive between the anode and the control grid and
for which we may write

Cag’ =Cag—u?4

in which equation « represents the angular fre-
quency of the oscillations to be amplified and A
is & constant determined by the construction of
the tube.

It may be seen from ihe above equation that
for every amplifying tube there exists a critical
frequency for which C:xp=w?4 and there conse-

quently occurs no retroactlon at all. With the !

tube AF3 this critical frequency amounts, for ex-
ample, to about 20 megacycles per second. For
frequencles above the critleal frequency there
occurs between the anode and the control grid
a negative capaclty the value of which may he
considerably larger than that of the static anode-
control grid capacity Cas.

With screen-grid tubes the static anode-con-
trol grid capacity is as a rule very slight (for
example about 0.003 xuF) so that at frequencies
below the eritical frequency there is in general
no need for neutralizatlon of the retroaction. At
frequencies exceeding the eritical frequency,
however, the retroaction may he very appreciable
also with screen-grld tubes. Fundamentally it
would in this case be possible to neutralize the
retroactlon by artificlally increasing the anode-
control grid capacity, that is to say by arranging
a regulable condenser between the anode and the
control grid and by adjusting this condenser in

such manner that the resulting capacity between

the anode and the control grid is equal to «?A.
In practice, however, this method cannot be car-
ried into effect since an adjustable condenser of
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the very low capacity required therefor is im-
practicable,

It i1s known to neutralize the retroaction with
a push-pull amplifying system by connecting the
anode of each of the amplifying tubes vla an ad-
justable condenser to the control grid of the
other tube. This known method only permits,
however, to neutralize a positive anode-control
grid capacity so that with frequencles exceeding
the critical frequency it is impracticable.

The inventlon has for its object to provide
means for neutralizing the retroaction in a push-
pull amplifying system, with which the fre-
quency of the osclllations to be amplified exceeds
the critical frequency.

According to the invention, the retroaction ex-
erted by the anode voltage on the control-grid
circult 1s neutralized in each of the amplif¥ing
systems by connecting a point of the circult of
one of the other electrodes of the amplifying
system in question through an adjustable con-
denser to the anode of the other amplifying sys-
tem, a self-induction being present in the high-
frequency connection between the sald point and
the mid-point of the input elrcult.

Preferably, a point of the screen-grid circult of
each of the amplifying systems i1s connected
through an adjustable condenser to the anode of
the other amplifying system.

The invention will be explained more fully with:
reference to the accompanying drawing which
represents, by way of example, two embodiments,
thereof.

Fig. 1 represents a push-pull amplifying tube
i comprising two amplifying systems the upper
one of which consists of a cathode 2, a control
grid 3, a screen grid 4, a suppressor grid 5 con-
nected to the cathode and an anode 8 whilst the
other amplifying system consists of similar elec-
trodes denoted by primed reference numerals. In
order to reduce to a minimum the self-induction
of that part of the cathode lead which carrles
alternating current, which self-induction gives
rlse to damping of the input eircuit, the two
cathodes 2 and 2’ are preferably formed as one
unit or connected to one another by means of
& conductor which is as short as possible.

An Input osclllatory circuit T is connected In
phsh-pull connection to the control grids 3 and
¥, The oscillations to be amplified are supplied
to terminals 8 and 9 and inductively transmitted
to the circult T. Between the anodes 8 and 6’
is provided an output oscillatory cireuit 10 the
ends of which are connected, through the Inter-
mediary of separating condensers, to output ter-
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minals 1 and 12. The mid-point of the cireunit
T and the mid-point of the circuit [0 are con-
nected to the cathodeg 2 and 2’ through con-
densers which form a short-circuit for the fre-
quency of the oscillations to be amplified.

The anode 8 of the upper amplifylng system
1s connected through an adjustable neutralizing
condenser 13 to the screen grid 4’ of the lower
amplifying system whilst the anode 8’ of the
lower amplifying system is connected through a
similar condenser 14 to the screen grid 4 of the
upper amplifying system. Between the screen
grids 4 and 4’ and the cathode are provided self-
Inductances 15 and 16,

If the frequency of the oscillations to be am-
plified exceeds the critical frequency of the am-
plifying systems the exact adjustment of the con-
densers 13 and 14 permits to neutralize the re-
troaction completely.

The function of the inductances 15 and 16 may .

also be performed by the natural self-inductions
of the supply conductors of the screen grids &
and 4’ as is shown in Fig. 2. To that end the two
screen grids must each be provided with two sep-
arated supply conductors, each screen grid heing
cohnected through one of these supply condve-
tors to the cathode of the amplifyling system in
question and through the other supply conductos
vig a neutralizing condenser to the anode of ihoe
other amplifying system.

The operation of the systems according toc Figs,
1 and 2 will be explained more fully with refer-
ence to Flg. 3 which represents a simplified sub-
titution dlagram which only exhibits the principal

impedances which play & part in the production -

and in the neutralization of the retroaction.
This substitution diagram applies to one of the
amplifying systems; for the other amplifying sys-
tem may naturally be plotted a similar substitn-
tion diagram.

In Fig. 3 the anode-control grid eapacity is de-
noted by Cae, the anode-screen grid capacity by
Cus and the screen grid-control grid capacity by
Css. That portion of the input impedance which

15 1ocated between the conirol grid 3 and the cath-

ode is denoted by Zi1 whilst Cn denotes the capacity
of the neutralizing condenser #4.

For the system according to Plg. 1, L: is the
natural self-induction of the supply conductor of
the screen grid 4 whilst Lz denotes the self-induc-
tion of the coll 16. ‘With the system according to
Fig. 2, Li=0 whilst La represents the natural self-
induction of the supply conduector of the screen
grid 4, which conductor 1s connected to the cath-
ode.
amplifylng system 15 denoted by Es, that of the
lower amplifylng system by —Ee.. The arrows
indicate the dlrection of the currents flowing in
the varlous impedances.

The substitution diagram according to Fig. 3 Is
in so far incomplete that in practice also the self-

The anode alternating voltage of the upper :
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inductions of the supply conductors leading to the
suppressor grid and the cathode and the capaci-
ties of these electrodes with respect to the anode,
the screen grid and the control grid as well as the
mutual inductions of the supply conductors may
play a part. These impedances, however, are in
practice of less impeortance,

The Impedances of the capacities Cag, Cas, Csg
and Cn are In practice high with respect to Zi and
to the impedances of the self-inductances In and
Lz. With complete neutralization the voltages Ea
and —Ea cause no voltage on the control grid so
that the control grid alternating voltage may be
assumed to be equal to zero.

Roughly stated the following values of cur-
rents and voltages may be assumed.

A current jwCee.Ea Hows through the capacity
Cag to the control grid.

Through the capaclty Cas flows to the screen
grid a current j«Cas.Es which sets up across the
self-Inductances L: and Ia a voltage

- w,cGa(Ll-I-LB) Ea

This voltage furnishes a current flowing to the
confrol grid through the eanacity Cagz, which cur-
rent is equal t0 —jw3CasCag(Ls+Lg) .Eu and conse-
quently in counterphsase with the current flowing
through the capacity Cag to the eenirol grid, but
is larger than the last-mentioned current since
the frequency of the oscillations to be amplified
execeeds the critical frequency.

Through the capacity Cu flows a current
—3jwCn.Es which sets up across the self-inductance
Iz a voltage o*Cnla.Es. Thiy voltage furnishes a
current to the control grid through the capacity
Cez, which current 1s equal to Fw’CnCslaEs and
is consequently in phase with the current flowing
through the capacity Car to the contrel grid,

If Cola is made equal to Cea(Ta{La) the retro-
action exerted through the screen grid is com-
pletely suppressed so that there only remains the
retroactlon exerted via the small capacity Cae. If
1t is desired to neutrslize also the latter retro-
action, Cn has to be taken slightly smaller., For
the case of Fig. 2 It is consequently necessary to
take for neutralization Cn equal to or slightly
smaller than Cas.

In the circult arrangements according to Figs.
1 and 2 a point of the screen-grid circnit of each
of the amplifying systems is connectad through a
neutralizing condenser to the anode. Punda-
mentally it is also possible to ¢hopse therefor a
point of the circuit of another electrode, for ex-
ample of the cathode. In practice, however, the
Iatter method is not recommended sinee in con-
nection with the input damping brought about by
the self-induction of the cathode lead this self-
induction is preferably kept as small as possthie,
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