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The present invention relates to means for and
method of generating modulated high frequency
oscillations, and has for its main purpose to pre-
vent undesirable frequency fluctuations of the
carrier frequency.

"~ As is well known, the frequency of amplitude
modulated oscillations produced by a vacuum
tube generator may be subject to substantial
fluctuations having various origins such as
changes of the operating potentials, temperature
and a simultaneous frequency or phase modula-
tion of the oscillations in accordance with the
_variations of a modulating signal wave. Es-
pecially in the case of short waves, such fre-
quency fluctuations cannot be avoided or may
be suppressed only with great difficulties. Such
fluctuations require an increased transmission
band width of the apparatus and channels used
for the transmission of the signals resulting in
a considerable amount of interference and dis-
turbing signals being received together with the
useful oscillations. On account of this com-
paratively wide frequency pass range, the super-
heterodyne method of reception for such oscil-
lations presents great difficulties in practice.

In my co-pending patent application, Ser. No.
208,366, filed May 17, 1938, there is described a
rapidly acting automatic frequency control adapt-
ed to eliminate fluctuations of a received ecar-
rier wave and making it possible to keep the pass
range or band width of the selective means in
a receiver substantially within the limits of the
freguency band occasioned by the signal modula-
tion. This arrangement, while greatly improving
the operation and results of a receiver, does not
limit the frequency band or range of the signals
generated at the transmitter and passed through
a transmitting channel such as a wireless chan-
nel by radiation from an antenna or by wired

wireless transmission through a co-axial cable

or other transmission line.

Accordingly, an object of the present invention
is the provision of means for and a method of
substantially eliminating carrier frequency fluc~
tuations of a generator for high frequency oscil-
lations having a characteristic (amplitude, fre-
quency, ete.) modulated in accordance with a
lower frequency signal wave. ‘

A more specific object is to provide a means
and method of suppressing undesirable carrier
frequency fluctuations of an amplitude modu-
lated transmitter of the order of and in the
rhythm .of the frequencies of the modulating
signal. )

In case of frequency modulated oscillations,
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undesirable additional frequency fluctuations
may occur also due to varlous causes such as
variations of the operating potentials or fre-
quency distortion caused by non-linear frequency
modulation. Such frequency fluctuations will re-
sult in unavoidable interference and distortion
in the receiver. :

Accordingly, a further object of the invention
is the provision of means for and a method of
substantially suppressing undesirable additional
fluctuations of the carrier frequency in a fre-
quency modulated transmitter.

Slow or progressive variations of the carrier
frequency of a modulated oscillation can be elim-
inated in a known manner by the aid of 8 manual
or automatic frequency or tuning control. Un-
desirable rapid frequency fluctuations equivalent
to an additional frequency modulation in the
rhythm of a modulating (audio, video) signal
wave cannot be eliminated or minimized by the
known arrangements due to the large time con-
stant used and inherent in the known controls
which are effective only for gradual or progres-
slve rather than a periodic frequency variation.

By the present invention the disturbing peri-
odic frequency fluctuations of a modulated high
frequency carrier wave are substantially elimi-
nated by the provision of an auxiliary receiver
at the transmitter adapted to generate a regu-
lating potential or current varying proportion-
ately to the instantaneous deviation of the fre-
quency with respect to a predetermined fixed

. value. This control potential is applied to a fre-
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quency controlling element of the oscillation
generator through a transmission circuit or net-
work including circuit elements designed to read-
ily pass substantially instantaneously the modu-
lating such as audible frequency components in
such a manner as to reduce the relatively rapid
periodic fiuctuations of the carrier frequency to
negligibly small value.

The novel method and further objects of the
invention will become more apparent rrom the
following detailed description taken with refer-
ence to the accompanying drawings forming part
of this specification and wherein: )

Figures 1 and 2 are block diagrams llustrating
basic arrangements according to the invention,
and

Figures 3 to 5 represent circuit disgrams of
practical embodiments of the invention.

Referring more particularly to Figure 1, O rep-
resents a high frequency generdtor or oscillator
producing 2 carrier wave modulated according to
a signal wave and the frequency of which is nor-
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mally subject to relatively rapid fluctuations in
the rhythm of the signal wave variations. The
portion ez of the carrier energy et supplied by
the oscillator O Is received by the aid of an
auxiliary recelver R embodying frequency vari-
ation response means adapted to produce a cur-
rent or potential #o which varies in proportion
to the instantaneous deviation of the oscillator
frequency w from a desired value 1. In case of
a modulated oscillation, the frequency o cor-
responds to the desired carrier frequency and
the potential %o is applied as control potential u2
to a frequency controlling element of the gener-
ator oscillator O. An instantaneous frequency
deviation of the generator frequency w from the
desired value wo will then result in a control po-
tential determined by the following expression:

Yz=Up=C1.(Wo—W) 1)

wherein ¢ is a constant.
On the other hand, each control potential e
will result in a proportional change of the gen-
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control circuit entalls an increased tendency to
hunting of the controlling system. This tendency
to hunting can be avoided by a proper design
of the transit time 1 and the transition time T:
of the control circuit, the former comprising the
total transmitting time through all the oscilla--

. tory and other circuits, amplifiers, etc., of the
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erator frequency according to the following ex-

pression:
=wWo Wz} Ca. U2 (2)

wherein cz is another constant and wsz represents
the total of the undesirable frequency deviations
having various origins such as changing operating
conditions, interfering signals or the like. Due to
the action of the control potential uz & final fre-
quency w of the generator results whose deviation
from the desired value is determined as follows
in accordance with the Equations 1 and 2:

(w—wo) =1—t_';_’— 3

wherein
C=—=Ci.C2

As is seen, this frequency deviation is (1+C)
times smaller than the deviation w: without use
of the invention due to any cause or origin. Thus,
with sufficiently high values of the constants c1
and c: employed in designing the controlling
circuit, the undesirable frequency - fluctuations
may be kept within any desired small limit range
from the carrier frequency. : .

The rapidity of the regulating action is de-
termined by the building up periods of the oscil-
Jatory circuits of the generator and the recelver,
by the additional transmission time through the
entire control circuit as well as the time constants
of any filter or smoothing circuits which may be
provided. An essential characteristic of the pres-
ent invention is the fact that these building up
periods and time constants are never allowed to
exceed the oscillating period of the frequency

. fluctuations to be suppressed; that is, filter or
smoothing circuits are avoided incapable of
passing audible or other modulating frequency
components. In this manner it is possible to sup-
press undesirable frequency fluctuations of the
generator frequency in the rhythm of the audible
or other modulating frequencies by means of a
continuous or fast acting automatic frequency
control. In practice the time constant of the total
control circuit should be at the most of the order
of 1000 of a second to fulfill this requirement for
both audible and video frequencies to insure com-
pensation of rapid carrier frequency fluctuation
at the rate or directly in accordance with the
signal frequencies.

The omission or reduction of the smoothing or
filtering of the control potential applied from the
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auxiliary receiver to the transmitter through the 75

control system, while the latter comprises the
time required for the building up of the control

potential upon occurrence of a sudden frequency

variation, provided the building up occurs ac-
cording to = linear function with respect to time.
It can be shown that a stable control action is
based upon the condition:
m>c-1 ®)
that is, the transit time T: should have a suf-
ficlently small value. Since this transit time de-
creases as the band width of the tuned circuit in-
creases, oscillatory circuits with very low damping
or band pass filters with too small a pass range
should be avoided. Since the method of the in-
vention is of primary use for short wave oscilla-
tions for which circuits with an extremely low
damping still have a substantial band width, the

‘afore-mentioned requirement can be fulfilled in

an easy manner in practice. -

The method of the invention is also suited for
controlling oscillations having a frequency modu-
lated according to a signal frequency wave Ui
In this case the desired frequency w3 is not con-
stant but varies in the rhythm of the modulating
wave u: as shown by the following expression:

w3=wo-}-C3.U1 (%)

wherein wo represents the constani average or
carrier frequency and cs is a constant which may
be assumed as follows:

=G
03_1+61.62 (7)

A continuous adjustment of the frequency w to
this desired value is obtained if the sum of the
potential %o produced in the frequency demodula-
tor stage of the auxiliary receiver and the modu-
lating signal potential u1 to be transmitted is
applied to the generator O as frequency contral
potential z2. In Figure 1 this addition of the

signals %o to the demodulated potential produced-

in the receiver R. is indicated by the dashed arrow,
whereby:
uz=uo}+ur=c1.(wo—w) 4+ (8)

and the generator in place of the uncontrolled
frequency (wot-wz) will produce a frequency in
view of Equations 2 and 8 as follows:

(9

This frequency in turn deviates from the desired
value ws by a negligible amount according to
the following expression:
W,

) (w—wa)‘_l iy (10)
provided -the constant C has a sufficiently high
value. All variations wz of the uncontrolled gen-
erator frequency including any non-linear fre-
quency modulation are accordingly without ap-
preciable influence upon the frequency w of the
oscillations. In case of frequency modulation of
the oscillations produced by the generator O it is
desirable to maintain the amplitude of the ‘oscil-
1ations substantially constant inasmuch asampli-
tude fluctuations result in corresponding distor-
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tion of the output signals of the frequency de-
modulator stage in most of the known recelving
systems.

According to Figure 2 the amplitude A may be
maintained at a desired value Ao by means of a
special amplitude control (AVC) potential vz
This control potential is produced by rectifica-
tion of the oscillations in the receiver R and
is applied to an amplitude controlling element
of the generator O in such & sense as to counter-
act the deviations of the amplitude from the de-
sired value. The control potential vz may be ex-
presed as follows:

va=K1.(Ae—A4) (11)
wherein %1 is a constant. The amplitude of the

frequency modulated oscillations is then as

follows: .
A=Ao+Az+ka.va 12)

wherein k2 is a further constant and A, repre-
sents the total of the amplitude deviations to
be reduced or eliminated. The deviation of the
amplitude obtained by this regulation from the
constant value is then as follows in view of
Equations 11 and 12:

v —4o) =1%;—

K=Fk1.k2

(13)

wherein
- (14)
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From the above it is seen that with sufficiently -

high value of K the amplitude fluctuations A,
which may be caused by varying operating
potentials, simultaneous amplitude and fre-
quency modulation, etc., may be reduced to a
negligibly small value. In order to suppress the
instantaneous amplitude fluctuations occurring
in the rhythm of the modulating (audio, video,
etc.) signals, filters or smoothing networks in
the transmission path of the control potential
blocking or suppressing the modulating fre-
quency components are to be avoided. In order
to prevent hunting within the control system
for the rapid amplitude control, the following
stability condition:

T,
T3>K_1 (15)

should be fulfilled, wherein T; represents the total
transmitting period for the AVC potential
caused by all the elements in the AVC circuit,
and Ts represents the time of building up of
the amplitude control potential upon occur-
rence of a sudden amplitude variation, provided
the building up follows a linear function.

If the oscillations produced by the generator
O are amplitude modulated in accordance with
& signal wave to be transmitted, the instantane-
ous amplitude deviations from the desired value
may be reduced by means of rapid amplitude
control described hereinbefore by applying the
sum of the signals v1 to be transmitted and the
potential ve proportional to the amplitude ob-
tained after rectification in the control receiver
as the total amplitude control potential vz to the
oscillator, whereby the desired amplitude is ex-
pressed as follows in case of linear modulation
of the transmitter:

Az=Ao+-k3.01 (16)

wherein Ao represents the constant amplitude
of the carrier wave and k: is a constant. which
may be assumed as follows:

ky =2

=TThE, an
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If the signals to be transmitted v: are applied

-as indicated In dotted lines in Figure 2, the am-
‘plitude control potential will be as follows:

Va=00+-V1=k1.(Ao—A) 41 (18)

and in turn the uncontrolled amplitude (A¢4-Az)
of the oscillations produced by the generator
will assume a value as follows in accordance
with Equations 12 and 18:

Ay t-kay

4 =A°+—1'_FTI’{—‘ (19)
This amplitude deviates merely by a negligible-
value from the desired amplitude A3 as shown
in the following:
(4-4, =1'+—'K (20)
provided K has a sufficiently high value. All
variations Az of the uncontrolled amplitude as
caused by the supply voltage fluctuations, am-
plitude distortion due to non-linear modulation,
ete,, in this manner are without appreciable in-
Huence upon the actual amplitude A of the con-
trolled oscillations. In other words, this ampli-
tude control constitutes an inverse feed-back
between the output and input of the transmit-
ter providing all the advantages thereof known
in the art.

Several practical embodiments of the invention
are shown in Figures 3 to 5 and will now be de-
scribed in detail.

In the arrangement according to Figure 3, the
oscillations to be controlled are produced by the
aid of a magnetron M of known design compris-
ing a pair of semi-cylindrical anodes A1 and Az
enclosing s cathode or filament H and surround-
ed by a magnetic coil F adapted to produce a
magnetic field substantially in the direction of
the filament H, The oscillations generated are
impressed upon a Lecher wire or standing wave
system Li connected to the anodes A: and Az .
and provided with a short circuit rod or conduc-
tor N for tuning it to the generator frequency
in a manner well understood by those skilled in
the art. The anode potential supplied by a bat-
tery or the like B: is impressed upon the center
point of the short circuit conductor N through
a choke coil Qi, while the filament H ig suitably
heated such as by means of g separate fllament
battery B:. The modulating signal potential 1
which may be an audio or other signal wave is
superimposed upon the anode potential by way
of terminals {, 2 to effect amplitude modulation
of the magnetron oscillations. If the frequency
of the oscillations is equal to the desired (car-
rier) frequency wo, a nodal point will oceur at a
voint of the Lecher system as indicated at K.
A pair of double diode rectifiers D; and D2 are
connected to the opposite wires of the Lecher
system through,condensers Ci to Ct at equally
spaced distances from the nodal point K. The
filaments of the double diodes are energized by
a common battery Bs, and the anodes of each
diode connected through resistors Ri1 and Rz, re-
spectively. As is understood, single diode or any
other type of rectifier may be provided for the

‘purpose of the invention. If the oscillator fre-

quency has a desired value (wo), the diodes D1
and D2 will be excited by equal potentials re-
sulting in like rectified potentials u¢ and us
across the diode load resistors Rs and Rs which
botentials are impressed upon the grids of tri-
ode amplifiers Vi and V2. The latter are sup-
plied with a common plate battery B: and have
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their output load resistors Rs and Ru connected
in series in opposing polarity. Accordingly, the
combined differential output potential u2 will be
zero if the oscillator frequency corresponds to
the desired value—amplified output potentials
us-u7 being equal to each other—and will in-
crease in either direction from zero in accord-
ance with and in proportion to an increase or de-
crease, respectively, of the generator frequency
with respect to the desired value. The potential
u2 accordingly varies in proportion to the gen-
crator frequency deviations from the desired
value both in magnitude and sign and is utilized
for controlling the oscillator frequency by ener-
gizing the magnet coil F after amplification by
means of triode V3 in addition to the steady en-
ergization by a battery B«. The polarity adjust-
ment and connections of the system are such
that the frequency variations caused by the po-
tential uz counteract the initial frequency vari-
ation resulting in generation of the potential ua.
Since the frequency of the magnetron oscillations
is dependent upon the strength of the magnetic
field the Equation 2 is fulfilled at least approxi-
mately; that is, a control potential produced by
an instantaneous variation of the magnetron fre-

- quency will counteract this variation, thereby re-
ducing any frequency variations to a minimum
in accordance with the Expression 3.

Referring to Figure 4, there is shown a system
for eliminating or reducing undesirable fre-
quency fluctuations in a frequency modulated
transmitter. The generator O in the example
shown comprises a breaking field oscillator Vi
of the Barkhausen type to produce micro rays
and having a Lecher wire system Ls terminating
in a dipole antenna P1 connected to one side of
its grid and anode electrodes in a manner well
known. Positive grid and negative plate opera-
ting potentials supplied by batteries Be and Br
are applied through a further Lecher wire sys-
tem Lz connected to the opposite ends of the grid
and plate of the tube Vs in series with the choke
coils Q2 and Qs, the wire system Lz being termi-
nated by a blocking cendenser Cs. Each of the
plate and grid circuits further includes a sec-
ondary winding of the transformer T for apply-
ing a modulating potential to be described in de-
tail hereafter. G represents a constant fre-

quency spherical oscillator of known design com- !

prisinig a pair of metal shells connected through
2 condenser Cs and constituting together with a
triode Vs an auxiliary oscillator whose frequency
due to the low losses and invariant resonance
characteristics is extremely constant. Bs repre-
sents the anode battery, R7 a voltage drop re-
sistance and Rs a grid leak resistance for this
constant frequency or standard oscillator. The
oscillations .produced by this oscillator are re-
ceived simultaneously with the oscillations pro-
duced by the generator O by the dipole P2 of
the auxiliary or control receiver. The beats pro-
duced due to the difference of the frequencies of
both oscillations result in an alternating poten-
tial after rectification in the diode rectifier Vs,
and sufficient filtering by a network comprising
series choke coils Qs and Q7 and a parallel re-
sistance Ra.
any time corresponds to th~ difference frequency
between the high frequency oscillations superim-
posed and applied to the diode Vo.  Any varia-
tion of the frequency of the oscillations of the
generator O thus causes a corresponding varia-
tion of the beat frequency which latter is ampli-
fied by means of an amplifier U and applied by

" respectively.
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way of coupling condensers C7 and Cs to 2 pair
of resonant circuits comprising inductance coils
Js and Jio shunted by condensers Cs and Cio,
One of these resonant circuits is
tuned slightly above and the other below the
average beat frequency wo in such a manner that
the signal amplitudes in these circuits, and in
turn the potentials developed in the output cir-
cuits of a pair of vacuum tube rectifiers Ve and
V7 are equal to each other if the beat frequency
is equal to the desired average value wo. The
triode rectifiers Ve and V7 are shunted by con-
dénsers Cu and Ciz and provided with output
resistors Rir and Riz connected differentially
with a common plate supply source Bs between
the cathodes of the rectifiers and the junction
point of the resistors. The differential potential

‘uo is derived by means of condenser Ci13 con-

nected in series with a further resistance Rus
forming a potential divider aeross the anodes to
the rectifiers. Upon deviation of the transmit-
ting frequency from the desired value, the beat
frequency in the detuned circuits exciting the
rectifiers Vé and Vi is varied accordingly whereby
the oscillation amplitudes in these circuits be-
come unequal due to the fact that the frequency
approaches the resonant frequency of one eir-
cuit while simultaneously receding from the reso-
nant frequency of the other circuit. The recti-
fied potentials are then also unequal whereby the
differential potential uo corresponds to the in-
stantaneous deviations of the transmitting fre-
quency from the desired value both in sign and
magnitude. If the terminals 3 and 4 were short
circuited this potential would act as control po-
tential u2 applied after further amplification by
means of a triode amplifier Vs to the primary of -
the transformer T superimposed upon the steady
anode current supplied by battery Biwo. Since
the frequency of the oscillator Vs is dependent
upon the potentials on the grid and plate a cor-
responding variation of the frequency will ensue
in accordance with the variations of the control
potential ue. In this manner undesirable flue-.
tuations of the oscillator frequency may be elim-
inated or reduced to a negligible value in sub-
stantially the same manner as described here-
inbefore. If, as shown in the diagram, the sum
of the potential uo produced by means of the
auxiliary receiver and the modulating potential
u1 applied by way of terminals { and & is used
as controlling potential u2, then the instantane-
ous transmitting frequency deviation will be au-
tomatically adjusted at any instant in accordance
with the instantaneous value of the modulating -
signai w1 as follows from Formula 9. All unde-
sirable frequency fluctuations, which without the
special frequency control would have the instan-
taneous value wz, are reduced according to For-
mula 10 to a negligible minimum. As is under-
stoed, the time constants of all the circuits in
the control receiver should be kept low relative
to the oscillation period of the disturbing fre-
quencies to be suppressed. This applies espe-
cially to the building up periods for the resonant
circuits Co—J9 and Cro~Jie which should have a
minimum damping as pointed out hereinabove.

Referring to Figure 5, there is shown a system
comprising an amplitude modulated generator
embodying means for maintaining the carrier
frejuency at a constant value and a special am-
plitude limiting arrangement for the oscillations
used for producing the frequency control poten-
tial. The oscillator O comprises a vacuum tube
Vi having associated therewith a regenerative
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system for producing sustained oscillations com~
prising an oscillatory tank circuit consisting of an
induction coil J1us shunted by a condenser Ci4 and
connected between the grid and plate of the tube,
The cathode is connected to a tap of the induc-
tion coil J14 in series with a space current source

Bu and a high frequency choke coil Qs, hoth the .

latter being by-passed by a condenser Cao for the
high frequency oscillations. R is a grid leak
resistance provided to produce steady operating
grid bias in a manner well known. The oscilla-
tions are impressed upon a dipole antenna P:
by way of a secondary winding Ju in inductive
coupling relation to the inductance Jis. The low
frequency or modulating signals » are applied by
way of terminals 5, 6 and coupling condenser Ca:

to be superimposed upon a steady anode poten-

tial supplied by the battery Biu. A further vac-
uum tube Vi acting as a control tube is shunted
across the oscillator tube Viz having its plate and
grid connected through a condenser Cis whose
impedance for high frequency current is high
compared with the impedance of the resistance
Rss. In this manner, the anode cathode path
of the tube (2 constitutes an effective capacity
which may be varied by controlling the ampli-
fication in accordance with an average grid po-
tential applied through the resistance 25. -By this
electronic capacity the tuning of the generator
may be varied within predetermined limits.

The oscillations received by the antenna P: of
the auxiliary or control receiver are applied
through the primary Jia of a tuned input trans-
former having a secondary Gis shunted by a tun-
Ing condenser Cis to one of the grids of a mix-
ing tube V. The other grid of tube Vis is excit-
ed in accordance with a standard oscillation pro-
duced by a separate oscillator tube Vi by way of
coupling condenser Czz and grid leak resistance
Ris. The grid circuit of the auxiliary oscillator
comprises an inductance coil Ji3, a biasing re-
sistance R1s and a piezo-crystal or other stabiliz-
ing device K, while the anode or plate circuit in-
cludes a parallel resonant circuit consisting of
an inductance coil Jis shunted by variable con-
denser Cis. Bi4 represents the anode current
source by-passed by a condenser for high fre-
quency currents in a manner well known. The
feedback between the plate and grid circuits for
maintaining sustained oscillations in the example
shown is by way of the internal grid-anode ca-
pacity Czo as indicated by dotted lines in the
drawing. It is understood that any other stabi-
lized oscillator may be used for the purpose of
this invention.

There is thus produced in the output of the
modulating or mixer tube Viz which includes a
load resistance Ri7 and a space current supply
source Biz 4 component having a frequency equal
to the différence between the frequency of the
generator O and the standard crystal oscillator.
This difference frequency accordingly varies in
proportion to the frequency fluctuations of the
received oscillations and is applied to a control
-grid of a composite duo-diode multi-grid ampli-
Iying tube Vis by way of coupling condenser Caz
and grid leak resistance Rz. The amplified in-
termediate frequency oscillation is impressed
from the plate of tube Vis upon one of the diode
anodes of the tube through coupling condenser
Ca2s, whereby a further condenser Cz7 is charged
through a resistance Rz1 to a potential propor-
tional to the intermediate frequency amplitude.
The condenser C27 is continuously discharged
through a resistance R2z in such a manner that
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the potential at this condenser is enabled to fol-
low the relatively rapid signal amplitude fluctua-
tions. This (AVC) potential is applied to an-
other grid of the tube V15 adapted to control the
signal amplification in such a manner as to coun-
teract the amplitude fluctuations of the signal
variations In the anode circuit. Thus, the am-
plitude fluctuations or modulation of the oscilla-
tions applied to the intermediate frequency reso-
nant circuit Ci—dJi7 are substantially suppressed.
Any other known limiting device or system may
however be provided to obtain the same object as
is'understood. ‘Bis represents the anode current
supply source for the tube Vis, Jie—Cig is a sec-
ondary tuned circuit arranged in inductive cou-

_ pling relation with the cireuit Jy—Cir and hav-

20

25

ing its electrical center (center tap of inductance
18) connected to the high potential side of the
circuit Jiz—Ci7 through coupling condenser Cazg.
In this manner the sum and difference of the
primary and secondary potentials of the resonant
circuits are set up at the opposite sides of the
tuned secondary circuit which sum and differ-
ence potentials are rectified by the aid of a pair
of diode rectifiers Vis and Vi shunted by load

. resistors Res and Rz having their anodes con-
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nected to the opposite sides of the resonant cir-
cuit and having their cathodes connected through
& condenser Cszs in such a manner that a rectified
differential potential characteristic of the in-
stantaneous deviations of the carrier frequency
produced by the oscillator O from g desired value
both in magnitude and sign is applied to the grid
of the variable reactance tube Via to-control the
tuning of the oscillator frequency so as to coun-
teract an initial frequency deviation. According

to a feature of the invention, the regulating cir-

cuit for the frequency control should have g
sufficiently low time constant to prevent suppres-
sion of fluctuating frequency components within
the range of the modulating frequencies. In
particular, the building up period for the band-
pass filter C1-—J17—Cis—J1s should be sufficient-
ly high or the pass range of the filter should be
large with respect to the low frequency com-
ponents of the transmitter frequency fluctua-
tions. . A reaction upon the rapid frequency con-
trol due to the amplitude modulation is substan-
tially avoided by the suppression of the amplitude
variations by the tube Vis.

In order to control the low frequency modula-
tion, the intermediate frequency oscillations are
further applied by way of a condenser Cas to a
further diode anode of the tube Vis. The thus
obtained low frequency potential vo after suffi-
cient filtering by means of series resistance Ris
and condenser Cz and after amplification by
means of an amplifier W is superimposed upon
the initial modulating potential i supplied by
way of terminals 7, 8 and the sum v2=vo+; im-
pressed as modulation potential upon the oscilla-
tor O. In this manner the high frequency ampli~
tude A coincides at all times with great accuracy
with the desired value As due to the rapid am-
plitude control as follows from formula 20; that
is, in other words, all non-linear amplitude dis-
tortions or other disturbances Az are reduced to
& negligible minimum by a negative feed-back or
modulation control of this type.

It will be evident from the foregoing that the
invention is not limited to the specific circuit ar-
rangements and details as well as steps described
and disclosed herein for illustration, but that the
underlying idea and principles of the invention
are susceptible of numerous variations and modi-
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fications coming within the broader scope and
spirit of the invention as defined in the appended
claims. The specification and drawings are ac-
cordingly to be regarded in an {llustrative rather
than a limiting sense.

I claim:

1. The combination with a transmilting system
comprising an oscillator- for generating a short
wave carrier frequency, said carrier being sub-
ject to undesirable fluctuations in frequency,
s standing wave tuning system excited by said
oscillator and adapted to produce a standing po-
tential wave having a nodal point shifting to
either direction from a normal position in pro-
portion to deviations of the oscillator frequency
above and below, respectively, & desired fre-
quency, means to derive potentials from points
opposite to and eq -distant from said nodal
point, means for rectifying the derived poten-
tials and for differentially combining the rectified
potentials, a frequency control element for said
oscillator, and further means for impressing the
differential potentials upon said control element
to counteract the frequency deviations of said
oscillator. .

2. The combination with a transmitting system
comprising an oscillator for generating a short
wave carrier frequency modulated in amplitude
according to & signal frequency wave, sald carrier
_being subject to undesirable fluctuations in fre-
guency at the rate of said signal frequency, a
standing wave tuning system excited by said
oscillator and adapted to produce a standing po-
tential wave having & nodal point shifting to
either direction from a normal position in pro-
portion to deviations of the oscillator frequency
above and below, respectively, & desired fre-
quency, means for deriving potentials from
points opposite to and equi-distant from said
nodal point, means for rectifying the derived
potentials and for differentially combining the
rectified potentials, a frequency control element
for said oscillator, and further means for im-
pressing the differential potential upon said con-
trol element to counteract the deviations of the
carrier frequency to substantially jinstantane~
ously compensate said carrier fluctuations.

3. In a transmitting system comprising an
oscillator, a standing wave system excited by said
oscillator, said standing wave system adapted
to produce a standing potential wave having a
nodal point shifting to either direction from &
normal position in proportion to deviations of
the oscillator frequency above and below, re-
spectively, a predetermined frequency, means for
deriving a pair of potentials from points at oppo-
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site sides of and substantiaily equally spaced
from said nodal point, means for rectifying the
derived potentials and for differentially combin-
ing the rectified potentials to produce a control
potential varying in sign and magnitude in pro-
portion to frequency deviations of said oscillator
from said predetermined  frequency, control
means responsive to electric potential for vary-
ing the frequency of said oscillator, and means
for impressing said control potential upon said
control means to counteract the frequency devia-
tions of said oscillator.

4. A frequency variation response system com-
prising a standing wave system -excited by radio
frequency signals of varying frequency, said
standing wavesystem adapted to produce a stand-
ing potential wave having a nodal point shift-
ing to either direction from a normal position
in proportion to deviations of the signal fre-
quency above and below, respectively, a prede-
termined frequency, means for deriving a pair
of potentials from points at opposite sides of
and substantially equally spaced from said nodal
point, means for rectifying the derived potentials,
and further means for differentially combining
the rectified potentials.

5. A frequency variation response system com-
prising a standing wave system excited by high
frequency signals of varying frequency, - said
standing wave system adapted to produce &
standing potential wave having a nodal point
shifting to either direction from a normal po-
sition in proportion to deviations of the signal
frequency above and below, respectively, & pre-
determined frequency, means for deriving a pair
of potentials from points located at opposite
sides of and substantially equally distant from
said nodal point, means for rectifying the derived
potentials, and further means for differentially
combining the rectified potentials.

6. A frequency variation response cystem com-
prising a two wire system excited at one end by |
radio frequency signals of varying frequency
and provided with refiecting means at the oppo-
site end to produce standing waves, a pair of
rectifiers -with '‘means for impressing thereon
signal voltages derived from two pairs of tapping
points of said system, said pairs of tapping points
being located at opposite sides of and substan-
tially equally distant from a potential nodal
point of said system when the exciting fre-
quency has a predetermined value, and means
for differentially combining the rectified poten-
tlals,
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