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This. invention - relates. Ito. a. eircuit-arrange 
ment. comprising - an oseillator of which the fire 
quency-determining oscillatory circuit is coltipled. 
to- a - grid-controlled - amplifying tube , which is 
connected as a Wariable reactance. and used for 
automatic frequency: eorrection. (AFC): on. a. con 
trol oscillation, the control grid- of the amplifying 
tube being supplied. With-the AFC control voltage. 
and also with - a - negative: grid-bias, which serves. 
to: fix the working point. of the reactance tube. 

la control circuits comprising a reactance: tube 
it is known to obtain the negative grid-bias. re 
quired - for this tube: by including: a. resistance. 
shunted by a condenser in-the cathode lead of 
the reactance tube. 
This-method of obtaining: negative grid-bias is 

ir 1. certain cases. inconvenient in connection with 
the resultant. negative: back-coupling. of the re 
actance tube. 

Furthermore it.is known to derive the negative 
grid-bias required for a reactance: tube from, a 
Voltage divider which is connected. parallel to 
the anode Voltage. Supply and a tap, of which is 
connected to the", cathode of the reactance tube. 

The; object of the inventionis to provide amore 
advantageous method of obtaining, the negative. 
grid-bia.S. required for a reactance: tube. 
Applicant has surprisingly found that, accord 

ing to the: invention, in AFC, circuit-arrange 
ments. of the type described, the negative grid 
bias: for the reactance tube may be derived from 
a. cathode resistance included in the cathode lead. 
of the oscillator tube. 

Despite the consequent direct-current, coupling. 
of the oscillator and reactance tubes and the fire 
quency of the oscillations. produced being die 
pendent upon the direct-current position of the 
two tubes, it is found that any disturbing oscil 
latory, phenomena do not occur. Evidently, the 
infiluence of the stabilising. control oscillation 
predominates in such a circuit. 

It, is possible; to utilise the Woltage loSS at the 
cathode i resistance of the oscillator tube also aS 
a negative grid-bias for the oscillator tube. Un 
der certain conditions, however, the negative grid 
bias of the Oscillator tube may, aS: a result... of 
the: anode current of the reactance tube, have a 
Value Such that, the Oscillator circuit does not 
start to oscillate: upon switching-in the arrange 
ment. 

En order to avoidi... this, it is. advantageous for 
the extremity of the grid leak which is remote 
from the control grid to be connected to the exkur 
tremity of the cathode resistance which is adja 
gent. the cathode of the i oscillator tube. 
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A particular: advantage when uSing. the in Wen 
tion residesin the fact that variation.in. the Work 
ing point of theireactance: tube whichtis, produced. 
in. knOWm. circuits: Upon anode-Voltage Variations 
may be counteracted and this by choosing the: 
potential of the phase shift between the grid and 
anoide Woltages of the reactance tube to be such 
that. the transit-time variations. in the oscillator 
tube. Which are i provoked by anode. Voltage, varia 
tions bring , about: a variation in the oscillator: 
freqüency Which.produceesia. Shift. of the working. 
point of the reactance tube which is inverse to 
the. shift of the working point. of the reactance 
tube: ats; aceSuilt of the variation in anode current 
produeed upon anode: voltage, variations. and the: 
Variation. in the negative: grid-bias of the react 
ance tube which is derived therefrom. 

In this conllectionit, may be. observed that..it 
is. common practice in... amplifying circuits, for 
example::in radio-receivers, toderive the negative. 
grid-bias of . Several, amplifying tubes connected. 
in cascade: fram. a cathode.resistance, which is 
commor to: the tubes. In such circuit-arrange 
ments the consequent direct-current. coupling. 
Of the tubes. does not, involve: undesirable i oscili-: 
latory phenomena owing. to the absence of di 
rect-cLurrent coupling between the amplifying: 
tUibes connected in cascade. v 

The..invention.is also applicable With advantage. 
ü0 a. circuit-arrangement of the: indicated type in 
Which to the frequency-determining oscillatory 
circuit of the oscillator is, coupled a further, ad 
justable reactance the value of which is. con 
trolled by: the direct output.current of an output 
electrode; of the reactance tube. However, in 
this: case: thie: potential of the phase shift required 
betWeen -the- grid. and anode, voltages of the re 
actance tube must be, chosen to be such that the 
IreactarTCie. tube , andi: the further... adjustable i re 
actance... assist one another in their operation, so 
that thie. pilotential of the phase. shift can. Ino. 
longer: be:e'chosen freely in. order: to prevent varia - 
tion in the working point. of the reactance tube 
tipon. anode:.voltage variations. 
The: inlVerition: Will now be explained more fully 

by reference to the accompanying drawing, in 
which Figures 1. and 2 represent, circuit-arrange 
mentS according thereto without and with. addi 
tionak frequency eorrection. 

Identical:. elements. are: indicated in the: figures 
by the same: reference. numerals. 

In Fig.1 reference: numeral. Il indicates: a. tri 
ode, which is used as: anoscillator and of which 
the anode and the control grid are connected by 
Way of ecoupling. condensers -2 and 3 to different 
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extremities of a frequency-determining oscil 
latory circuit 4. This oscillatory circuit com 
priSeS a tuning condenser 5 and a circuit coil 6, 
a tapping of which is connected to earth. A 
grid leak i of the oScillator tube is connected to 
the cathode. 
The anode of the oscillator tube is connected 

Via a choke coil 8 and a resistance-condenser cir 
cuit 9, 1 , which serves to smooth the anode volt 
age, to the positive terminal l l of the anode volt 
age Supply, of which the negative terminal i 2 
is earthed. 

Parallel to the frequency-determining oscil 
latory circuit 4 of the oscillator circuit is con 
nected a pentode 13, which is connected as a 
reactance tube, for the purpose of automatic 
frequency correction on a control frequency. 
The anode of the reactance tube Í3 is con 

mected by Way of a blocking condenser i 4 to that 
extremity of the circuit coil 6 which is coupled 
to the oscillator anode, while this circuit coil 
has derived from it, in a manner which will be 
described later, the alternating control-grid volt 
age of the reactance tube which is shifted in 
phase by 90° With respect to the anode voltage. 
The cathode of the reactance tube is earthed 
Wia a condenser i 5, So that the anode-cathode 
Space of the reactance tube for the operating 
frequency is Connected parallel to that part of 
the circuit coil 6 which is located between the 
extremity of the oscillator and the earthed 
tapping. 
The anode of the reactance tube is connected 

Via a decoupling , choke i 6 and a resistance 
condenser circuit 7, 18, which serves for decou 
pling, to the positive terminal l l of the anode 
Voltage Supply. w 
According to the invention, the cathode of the 

reactance tube is connected to earth by way of 
a cathode resistance i 9, which is included in 
the cathode lead of the oscillator tube and 
Shunted by the condenser il 5. The latter has a 
capacity Value Which is common for shunting 
cathode reSiStances, for example from 1 to 2 
micrOfara dS. Since the control grid of the re 
actance tube is connected to earth via a leak 
reSiStance 20, the negative grid-bias required for 
fiXing the Operating point of the reactance tube 
is thus derived from the oscillator tube circuit. 
If desired, the grid bias may be derived from a 
part of the cathode resistance by connecting the 
cathode of the resistance tube to a tap on the 
cathode resistance í 9. 

In Order to obtain the control voltage required 
for the tube il 3, connected as a variable reactance, 
fOr automatic frequency correction of the oscil 
lations generated by the oscillator on a control 
Oscillation, the oScillations generated by the oscil 
lator are Supplied via a blocking condenser 2 f 
and a control oscillation supplied to the ter 
minals 22 directly to a discriminator 23. The 
latter is So constructed as to supply a control 
Voltage to the control grid of the reactance tube, 
the value and potential of which vary with the 
Value and potential of the required frequency 
Correction. Y | 

Transit-time variations in the oscillator tube 
provoked by anode voltage variations bring about 
Variation in the frequency . of the oscillations 
generated by the oScillatOr. This results, With 
unvaried control frequency, in a Wariation in the 
control Voltage Supplied to the reactance tube 
Such that the oScillator frequency again corre 
sponds to the control frequency. 
These anode voltage variations Will, in addi 
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tion, produce a variation in the anode current 
of the oScillator tube and hence of the Voltage 
Set up at the cathode resistance 19 of the tube, 
Which resultS in Variation in the negative grid 
bias of the reactance tube and hence of the work 
ing point of this tube. 

In Order to prevent the control range of the 
reactance tube from being greatly reduced in One 
Sense or another upon anode voltage Variations, 
the attended variationS in the control Voltage Of 
the reactance tube and the shift of the oper 
ating point may be made opposite to One another. 
To this end, according to the further in Wen 

tion, the potential º of the phase Shift between 
the grid and anode Voltages of the reactance 
tube is Suitably choSen, for Which purpose in the 
example ShoWin, for example the alternating con 
trol-grid voltage of the reactance tube may be 
derived across a phase-Shifting metWork Consti 
tuted by a resistance-condenser circuit 24, 25 
from the grid side of the circuit coil 6 instead 
of from the anode. Side thereof, a S is usually 
the caSe. V 
The example shown in Fig. 2 is a circuit Which 

is essentially identical with that ShoWn in Fig. i, 
only use being made of am additional frequency 
correction. Coupled to the frequency-deter 
mining circuit 4 of the oscillator i is an adjust 
ing coil 26 which is connected parallel to a part 
of the circuit coil 6. The regulating coil 26 is 
provided, jointly With i a pre-magnetiZing Wind 
ing 2", which is included in series with the de 
coupling choke i 6 in the anode circuit of the 
reactance tube 3, on a common core 28. The 
variation in direct anode current provoked by 
variation in the control voltage supplied to the 
control grid of the reactance tube controls the. 
pre-magnetization of the core 28 , and hence the 
inductance of the adjusting coil 26, which brings 
about variation in the tuning of the frequency 
determining circuit 4. 7; I. - 
The polarity of the inductance variation of 

the adjusting coil 26 is fixed with frequency cor 
rection by variation in the pre-magnetization 
of the core 28. Since for , obtaining additional 
frequency correction it is required that the fire 
quency correction produced by this adjusting coil 
and the frequency correction produced in itself 
by the reactance tube should assist one another, 
it is not possible, as in the l'example ShoWn in 
Fig. 1, to choose freely, the polarity of the phase 
shift between the grid and anode voltages of the 
reactance tube in ordier to prevent variations in 
the operating point of the reactance tube upo 
anode voltage variations. 

It is possible to utilize the voltage set up at 
the cathode resistance. Il 9 or a part thereof also 
as a negative grid-bias for the oscillator tube. 
In order to avoid, however, that upora Switch 
ing-in the circuit the oscillator would not start 
to oscillate On account of undue negative grid 
bias as a consequence of the anode current of 
the reactance tube, the grid leak T of the oscil 
lator is preferably connected to the cathode of 
this tube. 
What I claim, is:. . . - - - - - M 
1. An electrical circuit arrangement compris 

ing wave generating means : comprising a first 
discharge tube system having cathode, control 
grid and anode electrodes, and a resonant circuit 
coupled to said electrodes in regenerative feed 
back relationship to produce a wave having a 
given frequency, means to apply an energizing 
potential to said anode electrode, said wave gen 
erating means undergoing variations in frequency 
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in a given direction proportional to the value 
of said energizing potential, reactance, variation 
means comprising a second disçharge-tube System 
having cathode, control grid and anode elec 
trodes, a resistor element connected in common 
to the cathode electrodes of said first and second 
discharge. tube Systems to thereby apply a biasing 
Voltage to the control grid electrode of Said Second 

5 

discharge tube System proportional to the am- , 
plitude of current flow through Said first dis 
charge tube System, means to couple the cathode 
and anode electrode.S of Said Second diScharge 
tibe System to Said reS?nant circuit, phaSe Shift 
ing means coupled to Said reSonant circuit for 
producing a quadrature Voltage, and means to 
apply Said quadrature voltage to Said control grid 
of Said Second discharge tube System in Such a 
phase that frequency changes due to variation in 
Walue of the Said energizing potential are com 
penSated by reactance changes due to changes im 
said biasing potential. X 

2. An electrical circuit arrangement compris 
ing Wave generating means comprising a firSt 
discharge tube System having cathode, control 
grid and anode electrodes and a resonant circuit 
coupled to Said electrodeS in regenerative feed 
back relationship to produce a Wave having a 
given frequency, means to apply an energizing 
potential to Said anode electrode, Said Wave gen 
erating means undergoing variations in frequency 
in a, given direction proportional to the value of 
Said energizing potential, reactance Wariation 
means comprising a Second discharge tube System 
haVing cathode, control grid and anode elec 
trodes, a first resistor element connected in com 
mOn to the cathode electrodes of Said first and 
Second diScharge tube Systems to thereby apply a 
biaSing voltage to the control grid electrode Of 
Said Second di Scharge tube System proportional to 
the amplitude of current flow through Said firSt 
di Scharge tube System, a Second reSistor element 
intercoupling the control grid and cathode elec 
trodes Of Said first discharge tube, means to 
couple the cathode and anode electrodes of Said 
Second i diScharge tube System to Said reSonant 
circuit, phaSe Shifting means coupled to Said 
resonant circuit for producing a quadrature Wolt 
age, and means to apply Said quadrature voltage 
to Said contro grid of Said Second discharge tube 
System in Such a phase that frequency changeS 
due to variation in value of the Said energizing 
potential are compenSated by reactance change:S 
due to changes in Said biaSing potential. 

3. An electrical circuit arrangement compris 
ing Wave generating means comprising a first 
diScharge tube SyStem ha.Ving cathode, control 
grid and anode electrodes and a resonant circuit 
coupled to Said electrodeS in regenerative feed 
back relationship to produce a Wave having a 
given frequency, means to apply an energizing 
potential to Said anode electrode, Said Wave gen 
erating means undergoing variationS in frequency 
in a, given direction proportional to the Walue of 
Said energizing potential, reactance Variation 
means comprising a Second discharge tube System 
having cathode, controli grid and anode elec 
trodes, a resistor element connected in common 
to the cathode electrodes Of Said first and Second 
discharge tube SyStemS to apply a biaSing voltage 
to the control grid electrodie Of Said Second diS 
charge tube system proportional to the amplitude 
Of current foW through Said first discharge tube 
System thereby to valry the reactance of Said 
reactance variation means in a given Sense, means 
to couple the cathode and anode electrodes of Said 
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secdörid discharge tube system to, said, reSÖnant: 
circuit, phase shifting means coupled to Said reSO 
nant. Gircuit for producing. a. quadrature Woltage, 
and means to apply Said, quadrature voltage tO 
Said control grid of Said second discharge tube 
System, in Such a phase: that the reactance Of Said 
reactance variations means is varied in a SenSe 
opposite to Said given. Sense: thereby to COImper 
sate for frequency changes i due to: variations in 
value of the Said energizing potential. 

4. An electrical circuit arrangement comprising 
Wave generating means comprising a first dis 
charge tube system having cathode, control grid 
and anode electrodes and a resonant circuit cou 
pled to said electrodes in regenerative feedback 
relationship to produce a Wave having a, given 
frequency, means to apply an energizing poten 
tial to said anode electrode, said Wave generating 
means Undergoing Variations in frequency in a 
given direction proportional to the value of said 
energizing potential, reactance variation means 
comprising a second discharge tube system having 
cathode, control grid and anode electrodes, a 
resistor element connected in common to the 
cathode electrodes of Said first and second dis 
charge tube Systems to thereby apply a biasing 
Voltage to the control grid electrode of Said Second 
discharge tube System proportional to the ampli 
tide of current ÍOW through Said first diScharge 
tube System, means to couple the cathode and 
anode electrodes of Said Second discharge tube 
System to said reSonant circuit, phase Shifting 
meanS COU.pled to Said reSonant circ::Uit for pro 
ducing a quadrature voltage, means to apply said 
quadrature Voltage to said control grid of Said 
Second discharge tube System in Such a phase that 
frequency changes due to variation in value of . 
the Said energizing potential are compensated by 
reactance changes due to changes in said biasing 
potential, frequency detector means coupled to 
Said resonant circuit to produce a control poten 
tial having a polarity and amplitude proportional 
to Variations in frequency from Said given fre 
quency, and means to apply said control potential 
to the control grid of said second discharge tube 
to vary the reactance of said reactance variation 
means thereby to maintain the frequency of Said 
WaVe. Substantially constant. 

5. An electrical circuit arrangement comprising 
WaVe generating means COmpriSing a first dis 
charge tube System having cathode, control grid 
and anode electrodes and a resonant circuit cou 
pled to Said electrodes in regenerative feedback 
relationship to produce a wave having a given 
frequency, means to apply an energizing poten 
tial to said anode electrode, said wave generating 
means undergoing variations in frequency in a 
given direction proportional to the value of Said 
energizing potential, reactance variation means 
comprising a second discharge tube system hav 
ing cathode, control grid and anode electrodes, 
a reSistor element connected in common to the 
cathode electrodes of Said first and Second dis 
Charge tube Systems to thereby apply a, biasing 
Voltage to the control grid electrode of said second 
discharge tube System proportional to the ampli 
tude of current flow through said first discharge 
tube system, a reactive element having a react 
ance Value proportional to the anode current of 
said second discharge tube system and being cou 
pled to Said resonant circuit to vary the resonant 
frequency of Said reSonant circuit proportional to 
the Voltage applied to the control grid of said 
Second discharge tube, means to couple the cath 
ode and anode electrodes of said second discharge 
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titube system to said resonant circuit, phase shift 
ing means coupled to Said reSonant circuit for 
producing a quadrature voltage, and means t0 
apply Said quadrature voltage to said control grid 
Of Said Second discharge tube System in Stich a 
phase that frequency changes due to variation in 
value of the said energizing potential are com 
pensated by reactance changes due to changes in 
Said biasing potential. 

EDUARD HERMAN HUGENHOLTZ. 
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