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1

This invention relates to a device for amplify-
ing modulated high-frequency oscillations which
comprises at least one amplifier valve and which
is especially suitable for the final stage of a
transmitter.

For amplifying modulated high-frequency os-
¢llations it is known to make use of an amplifier
valve whose grid bias is se high that during haif
each eycle of the alternating voltage to be am~
plified the valve allows cwrrent to pass. Such an
amplifier is known as z B-amplifier and at full
Toad it has an efficiency of

r

4
if the amplitude of the alternating voltage oceur-
ring in the output cireuit is assumed to be equal
to the anode direct voltage. In practice, how-
ever, is permitted a maximumn amplitude of the
anode alternating voltage which is equal to from
0.8 to 0.9 times the anede direct voltage so that
in praectice the maximum efficiency of a. B-ampli~
fier does not exceed from

0.8 to 0.9}(—}:;:67%

v the use of suclhi an amplifier for amplifying
modulated high-frequerncy oscillations this: ef-
ficiency of 67% will alone occur in a positive
medulation peak at 100% modulation: of the car-
rier wave sinee only in this ease the amplitude of
the anode alternating voltage is equal to from 0.8
to 0.9 times the anode direct voltage. In the
absence of any modulation the amplitude of the
anode alternating voltage is only half the said
value so that the output does not exceed 33%.
For broadcast stations the mean modulation per-
centage over an entire day Is very small because
the instantaneous value of the modulation per-
centage seldom exceeds 30% or in other words the
output of a B-amplifier is on the average not
much in excess of 33%..

In order to obtain an amplifier having a higher
output devices have been suggested in which a
load impedance has energy supplied to it by at
least two amplifier chanmnels and in which the
output circuit of one of these channels is con-
nected to- the load impedance over an impedance
inverting network, that is to say a network whose

input impedance is intversely proportionsl to the
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terminal impedance of the output circuit. The
impedance inverting nefwork may be constituted
by & -transmission line whose length is a quarter
of the wavelength of the oscillations to be ampli-
fied. Such amplifiers permit of obtaining an
efficiency of about. 65% even with low modula-
tion percentage.

The invention has for ifs object to provide a de-
vice for amplifying modulated high-frequency os-
cillations which has & high efficiency and in which
the use of one amplifier channel suffices.

According to the invention, the anode circuit
of: & high-frequency amplifier valve and a load
Impedance are interconnected by compound net-
work whose elements are formed by impedance
inverting networks, there being arranged at each
point of connection hetween two or more of these
networks. except at the said anode eircuit and
load impedance at least one discharge fube
which aets as a switch and whose impedance be-
tween the anede and the cathode bridges the
input or the output circuit respectively of the
impedance inverting network at the point of con-
nection, said discharge tube being so controlled
that with increasing. amplitude of the oscilla-
tions to-be amplified at-least part of these tubes
are rendered non-conductive successively and/or
alterpately -so. that a stepwise decrease of the
input impedance of the compound network is
obtained.

Aceording to one embodiment of the invention
the compound network may be obtained by con-
necting each of a group of points over impedance
inverfing networks to each of a second group of
points, the anode circuit. of the high-frequency
amplifier valve and the load impedance being
eonnected respectively to two of the said points.

The-efficieney of a normal B-amplifier is pro-
portional to the amplitude of the oscillations to
be amplified. At the maximum value thereof the
efficiency is about 67%, at half the value

627 =33%

‘and so forth.. This-is due to the fact that at

the highest amplitude -of the oseillations to be
ampiified, the anode voltage of the amplifier
valve is -eontrolled ecomplefely but at half the
yalue only 1o the extent of 50% and so forth.
The termr “complete control” of the anode volt-
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age is used to refer to the condition in which
the amplitude of the anode-alternating voltage
is a maximum and consequently about 0.9 fimes
the anode direct voltage. The anode load im-
pedance Ra is constant with normal B-amplifiers
and is chosen so high that with complete control
of the anode voltage, that is to say at the high-

est value Ea max 0f the anode alternating voltage:

Ea the output energy

anmax
2R,

10

is equal to the maximum value of the energy

the tube must be capable of supplying.

In the device according to the 1nvent10n the
impedance Ra is not constant but varies step-
wise at varying amplitudes of the oscillations to
be amplified. At small amplitudes Ra is higher,
for exaraple several times higher than would be
the case with a corresponding B-amplifier. This
results in the anode voltage Eq being completely
controlled and the efficiency being high even at a
small amplitude, In order that at increasing am-
plitude of the oscillations to be amplified increase
of the output energy may be possible the im-
pedance Ra is decreased discontirnuously to a
lower amount at which the control of the anode
voltage, and thus the efficiency, fall back slightly
but the output energy does not vary. At a fur-
ther increase of the amplitude of the oscillations
to be amplified the output energy may therefore
again increase until the complete contirol of the
anode voltage Es iIs again attained, the impedance
R being then again reduced discontinuously and
so forth. This procedure may be repeated any
number of times until the last discontinuity
causes the impedance Ra to assume the same
value as that which this impedance would possess
permanently with the corresponding B-amplifier.

It is obvious that at amplitudes of the oscilla-
tions to be amplified between zero and the maxi-
mum value the mean efficiency is considerably
higher in the method described as compared with
a normal B-amplifier.

In order that the invention may be clearly
understood and readily carried into effect it will
now be described more fully w1th ‘reference ‘to
the accompanying drawings.

The embodiment of the device a,ccordmg to
the invention which is illustrated in Fig. 1 com-
prises a final amplifier valve U of an amplifier
for modulated high-frequency oscillations and a
load impedance R, which may be for example
an antenna, to which the tube U supplies energy.

Between the anode circuit of the valve U and
the load impedance R is connected a compound
network whose elements are formed by impedance
inverting networks Rg, Ri, Re, R3, Ri’, Ry, Ra,
Ri, Re, and Ra, which with the exception of
Ro comprise three groups each of which consists
of three networks connected in series and thus
forming a circuit which is connected in parallel
with the network Ro. At the points of connec-
tion between the networks R1 and Rz, Rz and Rs,
Ri and Rz and so forth are arranged respec-
tively discharge tubes A and B, A’ and so forth
which act as switches and whose anode circuits
are so connected to the ‘networks that the im-
pedances between anode and cathode of the tubes
‘A, B, A’ and- so forth respectively bridge the
input and output circuits respectively of the net-
works Ri, Rz, Rir and so forth at the points of
connection, or in other words at the said points
of connection the networks are terminated by
‘the anode-cathode impedances of the tubes A, B,
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A’ and so forth. The input impedance of the
compound network forms the load impedance Ra
of the valve U, the resistance R constituting the
terminal impedance of the network., For the sake
of simplicity the connection lines between the:
tubes and networks are shown as single conduc-
tors.and the sources of supply and control voltages:
are omitted.

The references Ro, Ri, Rz, R and so forth
designate impedance inverting networks, that is
to say networks having the property that the in-
put impedance is inversely proportional to the
terminal impedance of the output circuit and the

. output impedance. is also inversely proportional

to the terminal impedance of the input circuit.
The product of the input and output impedance
respectively and the terminal impedance is con-

-stant and it is hereinafter assumed that for the

impedance inverting network Ro and Ri, Rz and
so forth respectively the product of the input
impedance and the terminal impedance is equal
to Ro2, R12, Re2 and so forth respectively. The
value Ro, R: and so forth is hereinafter referred
to as surge impedance. In addition for imped-
ance inverting networks, for example for the net-
work Ro, the following applies. ‘

V=jRoi

in which V designates the voltage across the in-
put terminals of the network Ro and i the cur-
rent passing through the terminal impedance of
the output circuit. This current is 90° out of
phase with the voltage V, is independent of the

< value -of the terminal impedance and at a given

surge resistance it consequently only depends
on the input voltage V. The same applies to the
other networks R1, Rz, Ry, and so forth.

In the device shown in Fig. 1 the discontinuous
reduction of the anode load impedance Ra is ob-
tained as follows: It is assumed that the tubes
A, B, A’ and so forth are so controlled that they
are conductive and possess a low impedance be-
tween anhode and cathode and thus practically
bring about a short-circuit of the impedance in-
verting networks at the points of connection of
these networks where the tubes concerned are ar-
ranged. The terminal impedances of the net-
works Ri, Rz and so forth formed by the tubes
A, B, A’ and so forth are consequently very low
and the input impedances of the impedance in-
verting  networks at the tube U and the resist-
ance R are therefore very high, or in other words
the networks Ri1, Rz, -R3, R, and so forth do not
allow the passage of current. For the input im-
pedance Zi1 of the network Ro applies:

R02
4=TF
so that under these conditions the load Ra of
the tube U is equal to Zi.

If in 2 manner hereinafter descrlbed the tubes
A and B are rendered non-conductive so that the
circuit which ¢omprises the networks Ri, Re and
R3 starts to allow the passage of current the re-
sulting surge resistance Rres of the series combi-
nation of the networks R: Rz and R3 can be de-
rived from the formula

R\Rs

Rros=— Rs

Rres is. therefore negative if one of the magni-
tudes Ri, Re and R3 or all three are positive.
The parallel combination of the network Ro with
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the cireuit’ Ri; Ra‘and-Rs is equivalent-to-a netw

workhaving a surgeresistance Ry, -

1 .1:

that is to:say that: the surge resistances Ro and:

Rees-are ineffect connected-in-parallel: Thesurge\

resistanee: Rt resulting .from.: this: parallel: combl-
nation-s:smaller-than.Re if-Rres-is positive- Un-
der::these. conditions: the: anade.load.impedance.
Ra s equal: to. the.input..impedance. Zi’ -of:.the,
compesition of networks Ro, R1.Re.and.Rs; -,

RE
VA i’ —_;72_ -~
being smaller than
Rg ~
.

Die-to the -tubss A -and-B-being- rendered-norn-
condiictive thevalue of Ra is-therefore lowered:
A-further stepwise reduction of - the anode 1cad
impedanee Ra’ of the tube-U-can-be-obtaimed-if
alse the tubes A’ and B” and then-also the tubes
A gnd B'" are rendered non-conductive. - Fig. 1
shows three circuits of ‘series connected networks
obvieusly this number may he aslarge as desired.
Referring to Fig: 2, the solid line turve shows

the variation of the: a,node' alternating. voltage Ea ,

of the tube Uiin:Fig: 1 as a function-of-the:am=
plitude Pof ‘the-oscillations to:be -amplified: by
the tube. Since the amplification is substdntial-
ly linear P also represents the amplitude-of the
current. I that passes through the. output. im-
pedance R.P: designates the maximum:value of
the.oscillations. to-be..amplified.and. of the.outs
put current I and Pi,.Ps and Ps :.designate the
levels at. which. the anodel load:impedance Ra of
the tube U is sueeessively reduced discontinu-
ously the dimensions of the.impedance inverting
networks being assumed to be such.thag the re»
sulting . surge resistance Rres 0f each of the cir-
cuits.R1, Re, R3, R, R, Rar and Ruv, Rarv, Rav, is
equal to .Ro. The maximum current 1 passing
through the load resistance. R, tha.t is'to say the
current at complete control of the anode voltage
of the tube U is therefore increased; each time
that one of the circuits Ry, Ra, Ra'or Ri’, R’; Ry’

or 'Ri”’, Ry"’, Rs’’ respectively is added by the 50

same amount -

Eamax designates the amplitude.of the- -anode .al-
ternating voltage Ea. at complete control.:” The
distances OP:, Pi1P2, P:Pi and P3Py along-the. P-
axis a,ll represent.this amount

____Ea max. .

ey e
and are therefore shown equal:’

" The dotted curve of Fig. 2 representsthe varia-
tionvof-the anode impedance-Ra of -the <vibe:-U.
Ag explained before, in the amplitude region-be-
tween O'and Pi’in which the network Ro is: alone
switched into-the circuit thls unpedance is'~

R -
B

Ini-the region-between the limits Prand Ps orPa
and Pior Py and P4 respectively; two;’ “tHiee -and
“four-circuits- Tespectively ~with “surge-resistance -

45

6“
Riyaresconnected in:parallel ang-theranode imx-
pedancms

Ro Ro
4R RAMTER’

respectively. Fig. 2 shows how at each discontin-
uity the anode alternating voltage Ea. falls back’
from complete controlto a smaller value.

In,or,,der,to a,vo,x,da discontinuity in the output,
" it,is necessary. that directly before and after each-

discontinuous change of the impedance Ra the
output energy l.2Rs=I’R (I designating the al-
ternatinig current component of the anode cur~
rent, of the tube U) ‘should be substantially the
15 same. Since Ra falls' discontinuously this is to
be taken. to mean that I. must increase -discon-
tinuously, If the tube U'is a triode an increase
of Ta, will occur spontaneously ‘but it is possible
that ‘without additional mneans this increase has
i fact not the correct value. - The distortion ‘that
may ocour-can; however, be neutralized by inverse
feedback. If the tubes A, B, A’ and so forth are
rendered non-conductive in a manner which is
to some extent continuous, the distortion to be
neufralized by inverse feedback ds_considerably
smallér, than, would be the case with decisively
dlscontmuous variations.

"It is nof essential that the resulting surge re-
sistance of the circuits R1, Rz, Rs, Ri’, Rz’, Ra’
and R:1”’, R2’’, R’ should be equal to Ro; that is
to say the amplitude levels.from P: to Ps are not
necessarily chosen at equal distances. By choos-
ing-the devel, Pr to be.low..a higher.efficiency: is
obtained but-the ameounts by which the imped-
anee suvc'*es:,lvely decreases discontinuously at.the
leyels.Pi; P2-and Ps also-become -greater, and-this
will result.in.a greater distortion., The levels: P1
and Ps; are preferably so determined by choice
of the networks Ri, Ri:R3 and Ri’, Re’, Rs’ that
the amocunts by which the anode alternating cur-
rent: Is. must.increase each time that.one. of. the
c1rcu1ts :Ri1, Rz, Rs,.and so forth is.added are egual,
the la.rgest dlsccmtmulty oceuring . being . in. this
case a minimum.

Itns apparent from the.foregoing.that the tubes
A, B, A’ and so forth solely act:as.switches, thab
is.ito. say, that.either; they -are:as. conductive as
possible - or - they.-are: entirely non-conductive,
The -tubes. A, and B, A’ and B’-and A" and-B"
reapeetlvely are rendered nnon-conductive on-sur-
passing-the.amplitude- level P1,-P2 and Ps respec-
tively. of: the -oscillations to. be amplified, levels. at
‘which, as.shown in Fig. 2,.complete .control of the
55 -Anode; voltage Ea.0f the tube U ocecurs, and in -one

forny: of construction- of - the device :according - to
the;.invention: :this. non-conductive  condition ds
obtained -due.«to: the fact that a low-frequency
voltage that.may-be-obtained after -rectification
g0 b¥-a:device: | 0:0f:the oscillations. to -be amplified
andswhich corresponds. with :the -modulation .en-
velope:of: the oscillations ‘to:be -amplified is sup-
plied with negative polarity to g control electrode
of the tubes concerned. The tubes.are so ar-

20
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+¢5 ranged, for example by means of different grid

biases obtained through resistors i, {2, and .13,
that the \Varlous sets of fubkes, for. example the
tubes.A.and. B, A’ .and B’ ete. can be. rendered
non- conductlve in . succession at the desired

70 amphtude levels of the oscillations to be ampli-

ﬁed ot this:purpose, the. .control :electrodes of

the tubes A ‘and B;A”%, B! -and A", B respectively
may be: 1nterconnected

A ’further‘modlﬁcatlon of -the-device according

750 the inventibn is'shown-in Fig.'3. In this the
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compound network is obtained due to the fact
that between the anode circuit of the tube U and
the load impedance R is connected a number of
parallel branches (two of which are shown in
Fig. 3) each comprising two impedance inverting
networks connected in series, designated in Fig.
3 R1 and Re, R1’ and Re’ respectively, at the point
of connection between which is arranged a dis-
charge tube A, A’ respectively that acts as a
switch and whose anode-cathode impedance
shunts the input and output circuit respectively
of the networks concerned at the point of con-
nection. The operation essentially corresponds
with that of the device shown in Fig. 1 except
that only one branch can be operative at a time
go that the branches must be possessed of
mutually different surge resistances. The fact
that it is impossible for two branches to be con-
nected in parallel may be recognised as follows:
PFor a branch comprising two impedance invert-
ing networks connected in series (for example R1
and R2) applies:
Ry
R,
in which Vu designates the voltage across the out-
put terminals of the second network and Vi the
voltage between the input terminals of the first
network. For the branch which comprises the
networks R3 and R4 applies:

Vu= V,

B
V=%V

If the two branches, that is to say the input
and output circuits of the two branches, are con-
nected in parallel the voltages Vu and Vi are equal
for the two branches respectively and this is at
variance with the two above equations if

B R
R, R,

In this case the value Vu=Vi=0 alone satisfies
the two equations at the same time, or in other
words the two branches are short-circuited on
both sides. In the device shown in Fig. 3 con-
nection of two or more branches in parallel is
therefore impossible.

A further modification of the device according
to the invention is shown in Fig. 4, the anode cir-
cuit of the amplifier valve and the load resist-
ance R being connected respectively to two op-
posite corners of a hexagon whose sides and
diagonals are formed by impedance inverting
networks from Ri to Re. At all corners of the
hexagon except at the two mentioned before, is
arranged a discharge tube designated A, B, C and
D respectively which acts as a switch and shunts
the output or input circuit respectively of the
networks at the point of connection concerned.

This device permits of obtaining six different
values of the anode load impedance Ra of the
tube U by the following combination of conduc-
tive and non-conductive discharge tubes.

I—A, B, C, D, non-conductive
II—A, B, C, D, conductive
III—A, B conductive, C, D non-conductive
IV—A, B non-~conductive, C, D conductive
V—A, C conductive, B, D non-conductive
VI—A, C non-conductive, B, D conductive

By reference to Fig. 4 it can be ascertained that
with the combination II the network Ry is alone
switched into circuit, whereas with the cther
combinations one or more additional circuits
formed by series combination of three of the
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8
other networks are connected in parallel with the
network Re. The tubes from A to D may he
rendered non-conductive and again conductive
by means of a device comprising a cathode ray

- tube 14 in which the beam of electrons is deflected

under the influence of a low-frequency voltage
that may be obtained after rectification of the
oscillations to be amplified and corresponds with
the modulation envelope of the oscillations to be
amplified, the beam of electrons with increasing
amplitude of this voltage successively striking a
number of electrodes connected respectively to a
control electrode of the tubes from A to D in such
manner that the tubes from A to D are rendered
non-conductive in succession and/or alternately,
for example in the order shown by the above
table. )

If only four of the six possible combinations
from I to VI are used, to wit the combinations
from III to VI the control of the tubes A, B, C, D
can be obtained by simple means. This may be
recognised by reference to the following table in
which the conditions of the tubes A, B, C, D,
(b=non-conductive, c=conductive) are indicated
at an amplitude of the oscillations to be amplified
which increases from zero to maximum. In this
case the networks from Ri to Rs should be so
proportioned that in the order III, V, IV, VI the
combinations made use of lead to a successively
lower anode load impedance of the tube U in the
manner shown in Fig. 2. 'The amplitude levels at
which a discontinuity in the anode load imped-
ance at the tube U successively occurs are desig
nated Pi, Pa, Ps. :

A|lB|C D

or.._... biblele P small.
—P

S bie|bi}je amplitude of the oscillations to be
—P3 amplified.

IV ... cle|b b
—Ps

"2 S c|lb|lec|bd large.

This table shows that at increasing amplitude
of the oscillations to be amplified the tube D or
A respectively is rendered non-conductive or con-
ductive respectively at the level P2, whereas the
tube C or B respectively is rendered non-conduc-
tive or conductive respectively at the level P: and
is rendered conductive or non-conductive respec-
tively at the level Ps.

By supplying a low-frequency voltage, which
may be obtained after rectification of the oscilla-
tions to be amplified and which corresponds with
the modulation envelope of the oscillations to be
amplified, jointly with suitable bias voltages to a
control electrode of the tubes A and D it may be
readily ensured that at more negative values than
a given instantaneous value of the low-frequency
voltage which value corresponds with the level
P2 the tube A is rendered non-conductive and is
conductive at positive instantaneous values and
the tube D inversely. The desired control of the
tubes.B and C can be obtained by rectifying the
said low-frequency voltage without smoothening
and so supplying the direct voltage pulses ob-
tained to the control electrodes of the fubes B
and C that at positive or negative instantaneous
amplitudes respectively of the low-frequency volt-
age below a given value corresponding with the
level Ps or P1 respectively the tube B is conductive
and at instantaneous amplitudes above this limit
is non-conductive and the tube C conversely.

. Pig. 5 shows a further modification of the de-
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vice :according to the invention which:is Tarzely
isimilar to'that 'shown in‘PFig; 4. - ‘In the'table:-be-~
‘low are stated:the six:serviceable combinations of
‘non-conductive and conductive discharge: tubes
-from A to D.

I—A non-conductive, B, C and D conduétive
IT—-B non-conriductive, A, ¢ and D conductive
‘IIT—C non-cohductive, A, B ahd D condictive
IV—B, C and D non-condtuctive, A conduétive
V—A, C and D non-conductive, B conductlve
VI—A, B and D non-conductive, C condiiétive

In view of the devices:shown in Figs. 3, 4-and
5 it may be remarked that the circuit arramnge-
ment of the compound networks used in-these de- .
vices and built up from-the wvarious: impedance
-inverting networks and of further compound: net-
‘works not described which also'may be employed
may be obtained by connecting each point of.a
group -of points ‘over ‘impedance inverting -net-
-works:to each point of a seécond group of points,
two of the said points:having respectively .con-
nected to them 'the anede circuit of the high-
frequency amplifier:valve U dnd the load:iniped-

‘ance R. The other ‘points have connected to.

-them the discharge tubes A, B.and C-and so-forth.
This is illustrated by Pigs. 6a and .6b in whichtwo
~groups of points a1, @z, a3 and b1, bz bi respec-
‘tively are connected by:straight lines edch epre-

senting’ an -impedance - inverting ‘nefwork.. .Re-

“ferring to Fig. 6a, the ahode citcuit- of ‘the -tube
‘U-is connected to'the point a:'and the load im-
‘pedance R ‘to the ‘point ‘b1 I the othér ‘points
az, a3; bz ahd b3 are-assumed ‘to be -connected:to
discharge tubes this figure:is identical with Fig. 4.
“Similarly, Fig. -6b is-idéntical with Fig. 5.
Instead of arranging ‘one -tube ‘A, B, A’ iand
-s0 ‘forth respectively-at the pointsiof connection
“between the networks; it is possible-advantageous~

“ly to -arrange two push-pull -connected ‘fubes, no:

anode voltage being required for ‘the: tubes. A
suitable arrangement-for thisis:shown:in Fig. 7.
Ly and Le designate-iiiterconnected coils which by
"means of condensers Cr-anhd Cz respéctively are

tuned to the frequency of ‘the -oscillation to-be: -

amplified. The anodes of the two pull<push’con-
nected discharge tubes Ai-and Az aredirectly con-
"nected to the ends of coil Le. ' “The-conirol elec-
trodes of the tubes Ai‘dnd Azgre intercontiécted

and consequently receive-the:same’ control- volt--

age. The input terminals'k are conneected: to the
-input ‘or output termiinals respectively of ‘the im-
‘pedance inverting network at the point of eon-
nection between the networks. ~When: the-tubes

- A1 and Az are non-conductive it is'easy to ascer--

tain that the impedance:befween-the terminals &
has a very low ‘value, whereas the impedance-is
high when the tubes Air shd A3 are conductive.

As mentioned befdre; the resulting surge-re-

‘sistance Rirss of the circuits of ‘three series-con--

‘nected networks; such for-example-as the circuits
Ri, Rz and Rs used in the devices shownin ‘Figs,
1 and 4, must be positive; this may be-ensured by
choosing one of ‘the ‘networks‘Ri, Ri or Rz“or'all

three to be negative, that-is'to‘say building them"

up in such manner that the output currént iis
—90° out of phase with the voltage V-ahd hence
is opposite to that of the network Ro. ‘A‘favour-
‘able form of construction of these circuits-is oh-

tained by using for the network Rz a- filter net--

work ‘which brings about a phase ‘displacément
opposite to that of the network Ro, Ri Being-equial
“to Ra=Rs3.” The ciréuit arrangement ‘of this is

shown in Fig, 8a. Due to Ri being equal“to
“Ry=R3 ‘the-itidvctance i atid “the“ecapdeity ¢

10

-whickh:dre:connecdted in parallel With the tube:A
-and: B respectively . form::an . oscillatory -circuit
-Which: is funed to the oscillation to. be :amplified
sand which-has a constant high impedance. This
‘5 -céireuit-may therefore be omitted sothat the simple
‘elréult arrangement:shown in Fig: 8b is obtained.
“Fig. 9"shows a ¢ireuit diagram. of‘the modifica-
‘tion: of “the device according  to :theinvention
SHown “in-Fig. 1, the networks .from Ri to Ra’’
‘10 “Béing ‘all'chosen to'be'identical and built up in the

vmahner ‘shown-in Fig. 8b.
- “{Instead of using impedance inverting networks
“built=“up’ from: ‘concentrated inductances. .-and
eapadities- use -‘may ‘also- be' made of .impedance
‘15 “iriverting networks having a distributed induct-
~-ance’ and capacity,  for example ‘transmission
“ihes‘having a length equal to an odd number of
~quarter wavelengths of ‘theioscillations to be.am-
plified. As an alternative; each impedance in-

g Verting network may hs constituted: by itself by

‘an‘add number of series-connected impedance in-
“vérting networks.
T claim:
1.-Apparatus ‘for amplifying amplitude-modu-
:g5 ~lated ‘high frequency-oscillations comprising -an
‘electron-discharge tube provided with a-cathode,
a:grid- and -an anode -and citeuits therefor-the
‘oscillations- to-be amplified being applied. toisaid
“grid, a-load member, impedahce network means
g0 "drranged to couple thie -anode circuit of said tube
“to-sdid member, means to -adjust- the impedance
of'said network means-in-a step-wise manner, the
~input’ impedance of -said ‘hetwork ‘means form-
“ing the -anode impedance of said tube and. the
'35 "load 'member - constituting the terminal.imped-
ance of said network means, and control mesans
Tesponsive to the varying aniplitude of said. os-
‘cillations and colipled to-said impedance :adjust~
ing means to adjust the impedance of said net-
40 ‘work in the inverse direction whereby an increase
in the amplitude from a minithum to a-maximum
value results in- a stép-wise reduction’in the anode
impeddance of said tube.
" 2. “Apparatus for amplifying -amplittide-modu-
45 lated high frequency oscillations comprising an
‘electron ‘discharge tube provided with a cathode,
a -grid ‘and an ‘anode and circuits therefor; a
~load ‘member, a compound network arrangedto
‘cotiple” the anode i¢ircuit-of -said tube-to said
50 member, the input impedance of said network
forming the anode impedance of said tube
and the load member constituting the terminal
‘impedance of said network, said compound net-
- work including a single impedance inverting net-
‘55 work and a plurality of three series-connected
‘impedance inverting networks all connected in
parallel with said single network; a pair ‘of nor-
mally closed ‘switching -devices for each of said
three series-connected impedances, the devices of
‘80 ‘each pair ‘being bridged across the two juncsions
‘in said three series-connected networks, and con-
‘trol ‘means responsive to the varying amplitude
of said oscillations for successively actuating each
‘pair of switching devices whereby an increase in
65 the amplitude from a minimum to s maximum
“value effects a step-wise reduction in the ancde
~“impedance of said tube.
. 8. Apparatus for amplifying in a class B -man-
ner amplitude-modulated high frequency oscilla-
70 tions comprising an electron discharge tube pro-
‘vided with a cathode, a grid and -an anode and
‘circuits therefor, a load member, a compound net-
~work arranged to couple‘the anode circuit of said
“tube ‘to ‘said member, the ‘input impedance of
76-said - conipound network forming:the -arode i~
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pedance of said tube and the load member con-
stituting the terminal impedance of said com-
pound network, said compound network includ-
ing a single impedance inverting network and a
plurality of three series-connected impedance in-
verting networks all connected in parallel with
said single network, a pair of grid-controlled elec-
tron discharge devices for each of said three
series-connected impedances, the devices being
bridged across the two junctions in said three
series-connected networks and being arranged to
be normally conductive, and control means re-
sponsive to the varying amplitude of said oscilla-
tions to apply a voltage to the grids of said dis-
charge devices to successively render each pair
of discharge devices non-conductive, whereby an
jncrease in the ampltiude from a minimum fo a
maximum value effects a step-wise reduction in
the anode impedance of said tube.

4, Apparatus for amplifying in a class B man-
ner amplitude-modulated high frequency oscilla-~
tions comprising an electron discharge tube pro-
vided with a cathode, a grid and an anode and
circuits therefor, a load member, a compound
network arranged to couple the anode circuit of

_said tube to said member, the input impedance
of said compound network forming the anode im-
pedance of said tube and the load member con-
stituting the terminal impedance of said com-
pound network, said compound network includ-
ing a single impedance inverting network and a
plurality of three series-connected impedance
inverting networks all connected in parallel with
said single network, a pair of normally conductive
grid-controlled electron discharge devices for
each of said three series-connected impedances,
the devices being bridged across the two junctions
in said three series-connected networks, grid bias
means for said discharge devices, rectifier means
for deriving a low frequency control voitage from
said tube which varies in accordance with the
amplitude of the oscillations therein, and means
to apbly said control voltage to the control grids
of said devices, the biases on the respective con-
trol grids of said devices having values at which
each pair of said discharge devices is successively
rendered non-conductive whereby an increase in
the amplitude from a minimum to a maximum
value effects o step-wise reduction in the anode
impedance of said tube.

5. Apparatus for amplifying in a class B man-
ner amplitude-modulated high frequency oscil-
lations comprising an electron discharge tube
provided with a cathode, a grid and an anode
and circuits therefor, a load member, a com-~
pound network arranged to couple the anode
circuit of said tube to said member, the input
impedance of said compound network forming
the anode impedance of said tube and the load
member constituting the terminal impedance of
said compound network, said compound network
including a single impedance inverting network
and a plurality of three series-connected imped-
ance inverting networks all connected in parallel
with said single network, a pair of grid-controlled
electron discharge devices for each of said three
series connected impedances, the devices being
bridged across the two junctions in said three
series-connected networks, grid bias means for
said discharge devices, rectifier means for deriv-
ing a low frequency control voitage from said
tube which varies in accordance with the ampli-
tude of the oscillations therein, means to apply
said control voltage to the control grids of said
devices, the biases on theé respective control grids
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of said devices having values at which each pdir
of said discharge devices is successively rendered
non-conductive whereby an increase in the am-
plitude from a minimum to a maximum value
effects a step-wise reduction in the anode im-
pedance of said tube, and a negative feedback
circuit coupled between the output of said com-
pound network and the grid circuit of said tube
and arranged to compensate for distortion intro-
duced by the step-wise variation in said anode
impedance.

6. Apparatus for amplifying amplitude-modu-
lated high frequency oscillations comprising an
electron discharge tube provided with a cathode,
a grid and an anode and circuits therefor, a
load member, a compound network arranged to
couple the anode circuit of said tube to said
member, the input impedance of said compound
network forming the anode impedance of said
tube and the load member constituting the ter-
minal impedance of said compound network, said
compound network including a single impedance
inverting network and a plurality of three series-
connected impedance inverting networks all con-
nected in parallel with said single network, a
pair of grid-controlled electron discharge devices
for each of said three series-connected imped-
ances, the devices being bridged across the two
junctions in said three series-connected net-
works, grid bias means for said discharge devices,
rectifier means for deriving a low frequency con-
trol voltage from said fube which varies in ac-
cordance with the amplitude of the oscillations
therein, means to apply said control voltage to
the control grids of said devices, the biases on
the respective control grids of said devices hav-
ing values at which each pair of said discharge
devices is successively rendered non-conductive
whereby an increase in the amplitude from a
minimum to a maximum value effects a step-
wise reduction in the anode impedance of said

tube, a negative feedback circuit coupled between

the output of said compound network and the
grid circuit of said tube and arranged to com-
pensate for distortion introduced by the step-
wise variation in said anode impedance, the surge
impedances of the respective networks constitut-
ing said compound network having values at
which the variation in said anode impedance is
effected in uniform steps.

7. Apparatus for amplifying amplitude-modu-
lated high frequency oscillations comprising an

_electron discharge tube provided with a cathode,

a grid and an anode and circuits therefor, a load
member, a compound network arranged to couple
the anode circuit of said tube to said member,

the input impedance of said network forming

the anode impedance of said tube and the load
member constituting the terminal impedance of
said compound network, said compound network
including a plurality of pairs of series-connected
impedance inverting networks all connected in
parallel, the pairs of said series-connected net-

--works having progressively different surge im-

85

70

pedances, & normally closed switching device
bridged across the junction in each pair of series-
connected networks, and control means respon-

-sive to the varying amplitude of the oscillations
for successively actuating said devices, only one

of said devices being actuated at any one time,

. whereby an increase in the amplitude from a

minimum to a maximum value effects a step-

--wise reduction in the anode impedance of said

7.

tube.
8, Apparatus for amplifying amplitude~-modu~
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lated high frequency oscillations comprising an
electron discharge tube having a cathode, a grid
and an anode and circuits therefor, a load mem-
ber, a compound network arranged to couple
the anode circuit of said tube to said member,
the input circuit of said compound network form-
ing the anode impedance of said tube and the
load member constituting the terminal impedance
of said compound network, said compound net-
work including six serially connected impedance
inverting networks arranged to define an hexagon
and three impedance inverting networks con-
nected between pairs of opposing vertices of the
hexagon one pair of opposing vertices providing
the input and output terminals of said compound
networks, four grid-controlled electron discharge
devices bridged respectively across the remain-
ing vertices of said hexagon, and control means
responsive to the varying amplitude of the oscil-

lations to render said electron discharge devices g9 Number

non-conductive in an order effecting a step-wise
reduction in the anode impedance as the ampli-
tude goes from a minimum to & maximum value.

9. An arrangement as set forth in claim 8

10

15

14

wherein said control means comprises rectifier
means for deriving a low frequency control volt-
age from said tube which varies according to the
amplitude of said oscillations, a cathode-ray tube
having deflecting means and a plurality of elec-
trodes arranged to be scanned successively by
the beam, means to apply said control voltage
to said deflection means to successively scan said
electrodes in accordance with the amplitude
thereof, and means connecting said electrodes
respectively to the grids of said electron dis-
charge devices.
KLASS POSTHUMUS.
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