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" The invention relates to a clrcult-arrangement and the cathede and between the eontrol grid
for modulating the frequency or the phasg of elec- angd the cathode respectively) there oceurs in this

of a reactance tube gase a virtual reactance whose value varies in the

controlled by the modulatmg oscﬂlatlons R rhvthm of the mcdulating oscillations. By cou-~

By a reactanee tube is meant hereinafter a dis- .- . pling +$his virtual reactance to the frequency-
charge tube which is connected in such manner = determining oscillatory circuit of an oscillator
that for the oscillations to be modulated there which generates the oscillations to be modulated,
oceurs between two electrodes a reactance which we obtain modulation of the frequency of these

oscillations whilst phase modulation may be

depends upon the slope of one of the 4 b
' realized by including the said virtual reactance

acteristics. For this purpose it is comn ,on prac-;

tice to utilize in the tube in questmn for the oscil~ in a phase-rotating network to which the oseilla-

lations to be modulat tions to be _modulategl are supplied.

haek, i, e. & feedback w th Whlch there occurs m In order to render possible reproduetion with-

the feedback circuit a phase displacement of ap- _ out distortion in the reception of oscillations

prox1mate1y 90° LA modulated elther in frequency or in phase, it is
In a circuit~arrangement known for this pur-' desxrable that the instantaneous value of the fre- -

pose there is provided between the anode and . quency- or phase-displacement brought about by
the control grld of a discharge tube, for example the modulation should always be proportional to
a triode or a pentode, such a, phase-rotatmg net-  the instantaneous value of the modulating pseil-
work that the control grid alternating - Voltage of  “U. lations, With those values of the maximum fre-
the frequency of the oscillations to be modulated -quency- or phase—dlsplacement and of the fre-
is out of phase by approx1mately 90° W1th respect quency of the osc111at1ons to be modulated whieh
to the ancde alternating voltage. The .anode oceur in practice, this cond1t10n is always fulfilled
alternatmg current exh1b1ts in this case 11kemse __ with sufficient exactitude when for the oseillations.
a phase displacement of approxnnately 90° W1th =7 to be modulated the slope of the reactance tube is
respect to the anode alternatmg voltage, so that’ a linear function of the 1nstantaneous value of

;,.

between the anode and the cathode there ocecurs the modulating oscillations. The latter condition
a v1rtua1 reactance whose Value is 1nverse1y pro- implies that the characteristic which represents
portional to the slope of the discharge tube. ‘The the anode current of the reactance tube as a func-

phase-rotating network consists as a rule of an 30 tion of the voliage of -the control grid to which
ohmic resistance and a reactance of whlch ele~-"" the modulating osculatmns are supplied, should
ments the one is located between the anode and be an exactly square functlon if the gscillations
the control grid and the other between the .0 be modulated are supplied to the same control
trol grid and the cathode whllst the 1mpedance " grid, and an exactly linear function if the oscﬂla-
“of the element provided between the anode and 55 tions to be modulated are supphed to a second
the control grid is large relatwely to that of the“*" confrel grid.

other element,. Discharge tubes with an exactly square or linear
In another known cir cult—arrangement W1th _characteristic are generally not available in prae-
wattless feed-back use is made of a similar phase- tice, so that in the case of modulation there oceurs

rotating network of which the one element is ) nearly always a certain d1stort1on It is known
connected between the anode ard the control grld .to eliminate this distortion by means of a nega-
of a discharge tube and the other, which has a Atlve feedback; for this purpose the modulated

considerably smaller impedance, is connected be-  oscillations are deteeted and the oscillations thus
tween the anode and the cathode of this tube obtained are combined in anti-phase with the
whilst between the control grid and the cathode _45.modulating oscillations. This method has the
there exists a virtual reactance which is inversely *~ drawhack that the desired modulatlon withoeut
proportional to the slope of the tube. ) distortion is only obtained if the detection of the
The medulating oscillations are supplied to a modulated oscillations takes place without any
control electrode of the reactance tube for ex- distortion. The latter requirement leads in prac-
ample to the previously mentioned control grid ;;;9 t1ce to very com encated eircuit rrangements
or to a second control grid, so that the slope of - T’ie mvent’on has for 1ts QbJ\,Ct to remove the
the reactance tube varies in the rhythm of the sa1d drawbacks and to prov1de means whlch per-
meodulating oscillations. Between two electrodes m1t to obiain in a simple manner frequency- or
of the reactance tube {in the above-mentloned phase-modulatlon w1thout d1stortlon wlth the

known circuit-arr angements oetween ‘the anode u 5 aid of a dlscharge tube of any type.
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According to the invention a feedback for the
modulating oscillations is utilized in the reactance
tube in such a senge and with such an intensity
that the instantaneous value of the frequency-
or phase-displacement brought about by the
modulation is always proportional or at least ap~
proximately proportional to the instantaneous
value of the modulating oscillations.

The invention will be explained more fully with
reference to the accompanying drawing forming
a part of the specification and in which:

PFig. 1 is a schematic diagram of a circuit ar-
rangement for wave length modulation according
to the invention, and

Fig. 2 is a schematic diagram of an alternate
embodiment of the invention.

Fig. 1 represents a circuit-arrangement for fre-

quency modulation wherein the oscillations to be.

modulated are generated by an oscillator tube |
which is connected for this purpose in three-point
‘gonnection to an oscillatory circuit, which con-
sists of an inductance coil 2 and a condenser 3.
That portion of the oscillatory circuit 2, 3 which
is located between the anode and the cathode
of the tube { has connected in parallel with
it a reactance tube 4 constructed as a pentode
whilst in parallel with the remainder of the
said oscillatory circuit is connected the series-
connection of a separating condenser 5§, an
chmic resistance 8 and a condenser 1. The con-
denser -5 forms a short-circuit for the oscilla-
tions to be modulated whilst the resistance 6 is
large relatively to the impedance of the con-
denser T and forms, jointly with the latter, a
phase-rotating network by which a phase~dis-
placement of approximately 90° is brought about.
The voltage set up across the condenser 1, which
veltage is out of phase by approximately 90°
with respect to the voltage across the circuit 2,
3, is supplied to the control grid of the tube 4
so-that for the oscillations to be modulated this
tube behaves as a reactance.

The value of the reactance formed by the tube
4 is controlled in the rhythm of the modulating
oscillations by supplying these oscillations via
terminals 8 and 9 and a high-frequency reactance
coil {8 to the control grid. The oscillations
modulated in frequency are taken via terminals
{1 and {2 from that portion of the circuit 2, 3
which is located between the anode and the
cathode of the tube 1.

With the aid of the circuit-arrangement de-
scribed so far it would only be possible to obtain
frequency-modulation without distortion if the
anode current-control grid voltage characteristic
of the tube 4 were an exactly square function.
According to the invention, with a characteristic
of arbitrary shape frequency modulation with~
out distortion is rendered possible by utilizing
feedback for the modulating oscillations. This
feedback is so chosen that for the modulating
oscillations the resulting dynamic characteristic
of the reactance tube is a square function or ap-
proximately a square function. With the major
part of the pentodes the static characteristic may
be represented by a function of the shape

ta=(a+bVy)"

wherein the exponent n is more than 2. In order
to. obtain a sguare dynamic characteristic, use
must be made in this case of negative feedback.
If, on the contrary, the static characteristic can
be represented by a similar power function with
an exponent less than 2, use should be made of
positive feedback,

10

15

20

25

30

35

40

45

50

60

4

With the clrcuit-arrangement represented in
Fig. 1, negative feedback for the modulating os-
cillations is-obtained by means of a resistance
i3 which is included in the cathode lead of the
reactance tube 4 and which, for the frequency
of the oscillations to be modulated, is preferably
shunted by a condenser 4.

It may be observed that it is known to linearize
the characteristic of an amplifying tube by uti-
lizing a resistance Rk in the cathode lead. In
this case the desired linear dynamic character-
istic is the better approximated the higher Rx
is chosen. For this purpose use is generally made
of a value of Rk with which SRxz=4 wherein S rep-
resents the slope. Apart from the fact that, in-
stead of relating to an amplifying circuit-ar-
rangement, the invention has reference to a cir-
cuit-arrangement for frequency- or phase-mod-
ulation, the circuit arrangement according to the
invention also differs from the known circuit-
arrangements with negative feedback in that in
the case under consideration it is possible o as~
certain an exactly determined value of Rx with
which the characteristic approximates the de-
sired square shape with the greatest exactitude
whereas such is not the case with larger or lower
values of Rk. The value of Rx which is ufilized
in accordance with the invention, is generally
considerably smaller than in the known amplify-
ing circiuit-arrangements with negative feedback,
and this to such an extent that SRxz=0.5. The
desired negative feedback may also be obtained
by incorporating an ohmie resistance in the screen
grid circuit or, when a triode is utilized as the re-
actance tube, in the anode circuit. In those cases
in which positive feedback is required, this may
be obtained in the known manner by coupling
the circuit of one of the current-carrying elec-
trodes by means of a’ transformer to the control
grid circuit.

Fig. 2 represents a circuit-arrangement accord-
ing to the invention wherein the reactance tube &
is constructed as an hexode. The oscillations to
be modulated are supplied fo the inner control
grid whereas the modulating oscillations are sup~
plied to the outer control grid. According to the
invention, use is made in this case of such a nega-
tive feedback for the modulating oscillations that
the dynamic characteristic, which represents the
anode current as a function of the voltage of the
oufer control grid, has a linear or at least an
approximately linear course. Since the cathode
current does not comprise a component with the
frequency of the modulating oscillations, the in-
corporation of a. resistance in the cathode lead
wolld not lead to the purpose in view. For this
reason the feedback resistance I3 is connected
into the screen grid lead whilst that end which is
remote from the screen grid is earthed through
the intermediary of a condenser 15. If desired,
it would also be possible to obtain the effect aimed

- at by means of a resistance included in the anode

(1]
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circuit. Here again, just as in the circuit arrange-
ment according to Fig. 1, it is possible to ascer-
tain.a value of the resistance 13 with which the
purpose in view is attained with the greatest ap~
proximation whereas such is not the case either
with higher or with lower values of this resist-
ance. .

What Iclaim is:

1. A circuit arrangement for wave length mod-

‘ulating an electric wave, comprising means to

generate said electric wave, a reactance tube cir-
cuit coupled to said generating means and con-
prising an electron discharge tube having a plu-
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rality of electrodes, means to apply modulating
potentials to said reactance tube to wave length
modulate said wave, means comprising an im-

pedance element coupled to one of the electrodes .

of said discharge tube to derive a voltage propor-
tional to the amplitude of said modulating po-
tentials, and means to combine said voltage and
said modulating potentials, said impedance ele-
ment having a negligible impedance value at the
frequency of said electric wave and a given im-
pedance value at the frequency of said modulat-
ing potentials thereby to produce wave length
modulation of said electric wave proportional to
the instantaneous amplitude of said modulating
potentials.

2. A circuit arrangement for wave length mod-
ulating an electric wave, comprising means to
generate said electric wave, a reactance tube cir-
cuit coupled to said generating means and com-
prising an electron discharge tube having a cath-
ode, a gride and an anode, means to apply modu-
lating potentials to the grid of said reactance
tube to wave length modulate said wave, means
comprising an impedance element coupled to the
cathode of said discharge tube to derive a voltage
proportional to the amplitude of said modulat-
ing potentials, and means to apply said voltage
to the grid of said reactance tube, said imped-
ance element having a negligible impedance value
at the frequency of said electric wave and a given
impedance value at the frequency of said modu-
lating potentials whereby the resultant value of

anode current of said reactance tube is propor-

tional to the square of the value of voltage ap-
plied to the grid thereby to produce wave length
modulation of said electric wave proportional to
the instantaneous amplitude of said modulating
potentials.

3. A circuit arrangement for wave length mod-

ulating an electric wave, comprising means to 4o

generate said electric wave, a reactance tube cir-
cuit coupled fo said generating means and com-
prising an electron discharge tube having a cath-
ode, a grid an an anode, the static characteristic
of said electron discharge tube being represented
by a power function having an exponent greater
than 2, and means to apply modulating poten-
tials to the grid of said reactance tube to wave
length modulate sald wave, means to derive a
voltage proportional to the amplitude of said
modulating potentials, means to apply said volt-
age to the grid of said reactance tube, and a
resistor interposed in the anode-cathode circuit
of said tube and having a resistance value at
most equal to the value one-half divided by the
transconductance of said tube thereby to pro-
duce wave length modulation of said electric
wave proportional to the instantaneous ampli-
tude of said modulating potentials.

4. A circuit arrangement for wave length mod-
ulating an electric wave, comprising means to
generate said electric wave, a reactance tube cir-
cuit comprising an electron discharge tube hav-
ing a cathode, a first grid, a second grid, a sereen
grid and an ancde, means to couple said gener-
ating means to one of the grids of said reactance
tube, means to apply modulating potentials to
the other of the grids of said reactance tube to
wave length modulate said wave, and means in-
cluding a resistance element coupled to said
screen grid to derive a negative feedback voltage
proportional to the amplitude of said modulat-
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ing potentials, said resistance element having a
resistance value at which the resultant wave
length modulation of said electric wave is pro-
portional to the instantaneous amplitude of said
modulating potentials.

5. A circuit arrangement for wave length mod-
ulating an electric wave, comprising means to
generate said electric wave, a reactance tube cir-
cuit comprising an electron discharge tube hav-
ing a cathode, a first grid, a screen grid, a sec-
ond grid and an anode, the static characteristic
of said electron discharge tube being represented
by a power function having an exponent greater
than 1, means to couple said generating means
to the first grid of said reactance tube, means
to apply modulating potentials to the second grid
of said reactance tube to wave length modulate
said wave, means to derive a voltage proportional
to the amplitude of said modulating potentials,
means to apply said voltage to the screen grid
of said reactance tube, and a resistor interposed
in the screen grid-cathode circuit of said tube
and having a resistance value at which the re-
sultant value of anode current of said reactance
tube is linearly proportional to the voltage ap-
plied to the said second grid thereby to produce
wave length modulation of said electric wave
proportional to the instantaneous amplitude of
said modulating potentials.

6. A circuit arrangement for wave length mod-
ulating an electric wave, comprising means to
generate said electric wave, a reactance tube cir-
cuit comprising an elecfron discharge tube hav-

-ing a cathode, a first grid, a screen grid, a second
5 grid and an anode, the static characteristic of

said electron discharge tube being represented
by a power function having an exponent greater
than 1, means to couple said generating means
to the first grid of said reactance tube, means to
apply modulating potentials to the second grid
of sald reactance tube to wave length modulate
said wave, means to derive a voltage proportional
to the amplitude of said modulating potentials,
means to apply said voltage to the sereen grid
of said reactance tube, a resistor interposed in
the screen grid-cathode circuit of said tube, and
a capacitive element coupled in parallel with said
resistor and having a reactance value substan-
tially equal to zero at the frequency of said mod-
ulating potentials, said resistor having a resist-
ance value at which the resultant value of anode
current of said reactance tube is linearly pro-
portional to the voltage applied to the said sec-
ond grid thereby to produce wave length modu-
lation of said electric wave proportional to the
instantaneous  amplitude of said modulating po-
tentials. )
WILLEM WIGGER BOELENS.
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