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1. 
This invention relates to an improvement in 

or modification of the invention described and 
claimed in my copending application Serial 
Number 684,071, filed July 16, 1946, now issued 
as Patent No. 2,544,132, May 22, 1951. In said 
COpending application a circuit-arrangement is 
described for amplifying electrical oscillations 
With the use of electric discharge tubes, the ratio 
between the output and the input voltages of the 
amplifier (amplification factor) having a con 
Stant or substantially constant value. 
The above-identified copending application de 

Scribes, inter alia, a circuit-arrangement which 
Self oscillates at an auxiliary frequency lying 
Without the frequency range of the oscillations 
to be amplified, said auxiliary frequency having 
derived from it, by detection a control voltage, 
with the use of which the amplification factor 
of the amplifier is controlled. 
In this case the amplification factor of the 

circuit arrangement is found to vary only with 
the value of the impedances included in the feed 
back circuit for the auxiliary frequency and of 
the impedances included in the amplification 
channel of the frequency to be amplified. 
The invention relates to a circuit-arrangement 

in which the influence of variations or divergence 
of these impedances at given amplification is 
cut down to a minimum value. 
According to the invention the feedback cir 

cuit for the auxiliary frequency is constituted by 
a phase-shifting network which is built up from 
resistances and reactances and which in additioil 
to the anode resistance of the discharge tube 
comprises at least one, further resistance these : 
resistances and reactances being proportioned to 
be. Such that the quotient of the transfer in 
pedance of the network in the proximity of the 
auxiliary frequency and the output resistance 
may be represented approximately by a whole 
negative power of a linear form in the frequen 
cy. A more detailed discussion of the theory 
underlying the present invention, as well as a 
full mathematical treatment thereof may be 
found in the article appearing in the Philips 
Technical Review, vol. 9, No. 9, pages 309 to 
315, published March 1948 and entitled "Con 
stant amplification in spite of changeability of 
the circuit elementS.' 
In order that the invention may be more clear 

ly understood and readily carried into effect, 
it will now be described more fully with reference 
to the accompanying drawing, in Which Fig. 1 
shows an oscillator circuit known per se which 
comprises a discharge tube , represented, for 
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the sake of simplicity by a triode, the anode cir 
cuit of which is connected through a phase-shift 
ing network to the grid circuit. This phase 
shifting network has several, say 3, Sections 
comprising the output resistance f and a ca 
pacity 2, a resistance 3 and a capacity 4, a re 
sistance 5 and a capacity 6. This circuit will 
self-oscillate at a frequency such that the total 
phase-shift, effected by this network for this 
frequency is equal to 180°. In order to reduce 
conductance variations of the tube , the oscil 
lations produced are detected with the use of, 
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for example, a diode 7 and its output filter 8 
and the voltage produced across this output filter 
8 is then fed, through a grid leak 9, to the grid 
of the discharge tube . A blocking condenser 
for the direct anode voltage is designated . 
Owing to this measure the mutual conductance 

of the discharge tube varies only with the value 
of the impedances included in the phase-shift 
ing network, since for self oscillation the con 

30 

dition applies that the mutual conductance S 
of the tube is adjusted to be such that SZ=1, 
in which Z. designates the transfer impedance 
(i. e. the ratio between the ouput voltage and 
the input current) of the feedback netWork. 
A variation of the impedances included in the 
feedback circuit or a divergence between the 
relative values of these impedances with various 
identical amplifiers will be responsible for the 
fact that in spite of the control of the mutual 
conductance, as a function of the amplitude of 
the oscillations produced, the amplification factor 
Sr. of the circuit arrangement (in which r desig 
nates the value of the output resistance if) is 
not adjusted to the same value. 
According to the invention, the phase-shift 

ing network... is built up in such manner that 
the quotient Z/r of the transfer impedances Z. 
and the output resistance r in the proximity of 
the auxiliary frequency produced may approxi 
mately be denoted by Z/r= (c--ic2up)", in which 
C1 and C2 are constants, in a constant whole num 
ber and u) denotes frequency. 
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The transfer impedance Z of an electric 
quadripole may generally be represented by the 
quotient of two higher-power functions of the 
frequency the coefficients of which are functions 
of the impedances included in the quadripole. 
if in adidition to the output resistance r of 
the discharge tube such a quadripole comprises 
at least one further resistance, as explained in 
the above-identified publication calculation re 
veals that, if in the proximity of the auxiliary 
frequency Z/r may be represented approximate 
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ly by (c--ic2up) - a small variation of one of the 
impedances of the phase-shifting network re 
sults in that for this auxiliary frequency (at 
which the network consequently has to perform 
a phase-shift equal to a whole multiple of 180) 
the amplification factor Sr of the circuit-ar 
rangement has remained substantially un 
altered. 
The phase-shifting network may be built up more 
particularly from sections as shown in the figures. 
In this case, the above feature, to the neglect of 
the relative load, is apparent from that in the 
proximity of the auxiliary frequency each section 
produces an equal phase shift of this frequency. 
It is consequently found that in this case the 
quotient Z/r of the phase-shifting network varies 
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least with small variations of divergence of the 
value of these impedances. 

Fig. 2 shows, by way of example, one form of 
circuit-arrangement according to the invention, 
the capacity S of the phase-shifting network be 
ing connected in series with an oscillatory circuit 
2, to which the oscillations to be amplified are 

fed by way of input terminals 3, and the capacity 
2 of the phase-shifting network being connected 
in series with a circuit 4, from which the output 
oscillations are taken. Since the circuits 2 and 4, 
which are tuned to the frequency of the Oscilla 
tions to be amplified, exhibit substantially no im 
pedance for the auxiliary frequency, this im 
pedance will scarcely influence the auxiliary fre 
quency. 

In a circuit-arrangement comprising a dis 
charge tube and a phase-shifting network built 
up from three sections, as shown in Fig. 2, the 
phase-shift per Section is, if the sections load One 
another to a small extent, equal to 60° and Z/r 
equal to 4. The amplification realized with Such 
a circuit-arrangement is thus equal to 8. If the 
sections. load one another any value of the ampli 
fication factor between 4 and 10 is obtainable in 
the case of Suitable proportioning. Provision must 
be made by Suitable proportioning of the im 
pedances, for example of the resistance 9 and 
the capacity 0, to see that the circuit-arrange 
ment does not self OScillate at a frequency lower 
than the desired auxiliary frequency. 
What I claim is: 
1. A circuit arrangement for amplifying signals 

lying within a predetermined frequency range 
with constant gain comprising an oscillating and 
amplifying system for said signals provided with 
means to control the amplification thereof and in 
cluding an electron discharge tube having a cath 
ode, a grid and an anode and an output resistance 
connected to said anode, feedback means for sus 
taining said system in oscillation at an auxiliary 
frequency lying outside said predetermined range 
and including an aperiodic phase-shifting net 
Work coupled between said anode and said grid 
and formed by resistance-reactance sections con 
nected in Cascade relation, said output resistance 
constituting the resistance in one of said sections, 
means to detect the auxiliary frequency oscilla 
tions generated by said system to produce a con 
trol voltage, and means to apply said voltage to 
the amplification control means of said system to 
maintain constant gain. - 

2. A circuit arrangement for amplifying signals 
lying within a predetermined frequency range 
With constant gain comprising an oscillating and 
amplifying System for said signals provided with 
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4. 
means to control the amplification thereof and in 
cluding an electron discharge tube having a cath 
ode, a grid and an anode and an output resistance 
Connected to Said anode, feedback means for SuS 
taining said system in oscillation at an auxiliary 
frequency lying outside said predetermined range 
and including a phase-shifting network coupled 
between said anode and said grid and formed by 
resistance-reactance sections connected in cas 
cade relation, Said output resistance constituting 
the resistance in one of said sections, said network 
being characterized in the vicinity of said auxili 
alry frequency by a value of transfer impedance 
Which When divided by the value of Said output 
resistance may be represented approximately by 
(C1--ic2u)" where c1 and c2 are constants, n is 
a constant whole number and u) denotes fre 
quency, means to detect the auxiliary frequency 
OScillations generated by said system to produce 
a control Voltage, and means to apply said volt 
age to the amplification control means of said 
System to maintain constant gain. 

3. An arrangement, as set forth in claim 2, in 
which the reactances in said sections of said 
phase-shifting network are constituted by capaci 
tances and wherein Said sections have resistance 
capacitance values producing a phase-shift for 
the auxiliary frequency which is substantially 
equal for all Sections. 

4. An arrangement, as set forth in claim 2, 
wherein Said network is constituted by three re 
Sistance-capacitance sections each producing a 
60 degree phase-shift. 

5. A circuit arrangement for amplifying signals 
lying Within a predetermined frequency range 
With constant gain comprising an oscillating and 
amplifying System for said signals including an 
electron discharge tube having a cathode, a grid 
and an anode, a resonant input circuit connected 
to Said grid for applying the signals thereto and 
an output resistance connected to said anode, 
feedback means for Sustaining said system in 
oscillation at an auxiliary frequency lying outside 
Said predetermined range and including a phase 
shifting network coupled between said anode and 
Said grid and formed by resistance-capacitance 
Sections connected in cascade relation, one of said 
Sections being constituted by said output resist 
ance, Said network being characterized by a value 
of transfer impedance which when divided by the 
value of Said output resistance may be represented 
approximately by (c1--ic2ao), where c1, and c2 
are constants, n is a constant whole number and 
2D denotes frequency, a detector coupled to said 
output resistance to rectify the auxiliary fre 
quency oscillations developed thereacross, means 
to filter the rectified oscillations to produce a con 
trol voltage, and means to apply said control 
Voltage to said grid to maintain constant gain. 

JOHANNES JACOBUS 
ZAALBERG WAN ZELST. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date - 
2,237,409 Burnside ---------- Apr. 8, 1941. 
2,279,128 Paslay ------------- Apr. 7, 1942 
2,296,626 Blumlein ---------- Sept. 22, 1942 
2,346,545 Anderson ---------- Apr. 1, 1944 


