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1

This invention relates to signaling circuits and
provides a. method and apparatus for controlling
the operation of such circuits in relation o the
waveform symmetry of an alternating signal
wave. While not confined thereto in its broader
aspeets, the invention is particularly directed to
audio-frequency signal modulation circuits in
which audie signals oecasionally are asymmetric.

In radio transmitting stations the audio signal
waves used to modulate the carrier are usually
symmetrical in their positive and negative ampli-
tude excursions. Transmitter circuils are com-
monly designed so that the loudest signals o be
transmitted will prodiice close to 100% modula-
tion, for maximum efficiency. It has been found
that certain voices give asymmetrical audio waves
which, in extreme cases, may give only 30% mod-
ulation in one direction for a signal level giving
100% modulation in the opposite direction. The
asymmetry may he in either direction, that is,
the positive amplitudes may be greater than the
negative, or vice-versa, depending upon the voice.
Likewise, certain musical instruments upon occa-
sion appear to yield asymmetrical waves. Al-
though the asymmetry is believed due to peculi-
arities in the voices or instruments, certain types
of microphones seem more prone to give asym-
metrical responses for certain voices or instru-
ments than other types.

If o transmitter is adjusted to give 100% modu-
lation for symmetrical audio signals of given vol-
ume, asymmetrical signals of the same volume
will result in overmodulating the transmitter in
one direction and under-modulating it in the
other. Over-modulation results in distortion,
and under-modulation results in failure to trans-
mit the signal at the required volume level. To
avoid distortion due to over-modulation, it is cus-
tomary to reduce the amplitude of the audio
signal wave.

The present invention prevenis over-modula-
lation by asymmetrical signals without reducing
the amplitude $hereof, thus permitting transmis-
sion at full volume level without distortion. This
is accomplished, broadly, by developing a control
wave which is a function of the asymmetry of the
signal wave, and then utilizing the control wave
to shift the normal unmodulated operating point
of the modulation circuit.

Modulation may be defined as the process of
modifying a carrier, some characteristic of which
is made to vary as a function of the instantaneous
value of a modulating signal wave. Amplitude-
modulation and frequency-modulation are the
principal types used in broadcasting at present,
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In amplitude-modulation the amplitude charac-
teristic of the carrier is varied in accordance with
the signal wave. In frequency-modulation the
frequency characteristic of the carrier is varied.
The present invention may be applied broadly to
any type of modulation, but is particularly useful
in connection with amplitude and frequency
modulation.

In the specific embodiments described herein-
after, a control wave is produced by applying the
signal wave to a rectifier or detector circuit which
yields an output which varies with the degree of
asymmetry of positive and negative portions of
the signal. It is particularly advantageous to
utilize peak detector circuits so as to obtain a
control wave which varies with differences in the
peak positive and negative amplitudes of the sig-
nal wave. The control wave is then supplied to
the modulation circuit to shift the normal un-
modulated carrier value when the signal wave
is asymmetrical. o

The invention will be more clearly understood
by reference to the drawings and the following
description thereof. In the drawings:

Fig. 1 is a diagram showing the manner of de-
riving the asymmetry control wave and applying
it to a modulation circuit; .

Fig. 2 is a diagram showing the effect of the
asymmetry control in amplitude moduiation;

Fig. 3 is a specific embodiment of an-amplifude-
modulation circuit utilizing a econtrol circuit of the
invention;

Fig. 4 is a diagram of a frequency-modulation
circuit utilizing a control cireuit of the invention;
and

Fig. 5 is a diagram showing fhe effect of the
asymmetry control in frequency modulation,

Referring to Fig. 1, a modulator and modulated
amplifier 11 is supplied with a radio-frequency
carrier input 12 and an aundio sigral input 13.
The audio signal input 13 is also supplied to an
asymmetry control circuit, generally designated
as 14, through a buffer amplifier 15. Trans-
former (6 is fed from amplifier {5 and has a
center tapped secondary. A pair of rectifiers §1
and 18 are connected in series with respective
impedances 21 and 22 between the center tap and
respective ends of the secondery of transformer
{8.  'The rectifiers are polarized so that the waves
built up in impedances 21 and 22 arein opposition.
The resulting control wave across terminals 23 is
therefor the difference between the waves built
up in impedances 21 and 22, These impedances
are reactive so as to provide a fairly smooth ouf<
put eontrol wave,
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The control wave is then supplied to the modu-
lator and modulated amplifier 11 so as to change
the norinal unmodulated value in accordance with
the asymmetry of the signal input wave. The
output of 11 is supplied through terminals 24 to
the radio-frequency transmitting circuit.

In Fig. 2, a symmetrical signal wave is shown at
A, an asymmetrical signal wave with greater neg-
ative excursion at B, and an asymmetrical wave
with greater positive excursion at C. Below these
waves are corresponding amplitude-modulated
radio-frequency waves D, E and FP. The dotted
lines PC represent the peak carrier amplitude for
100% modulation. The dotted lines UC repre-
sent the normal unmodulated carrier level.

It will be observed that wave D shows practi-
cally 100% modulation, with the carrier ampli-
tude varying from nearly zero to peak amplitude.
Asymmetrical wave B has the same peak-to-peak
amplitude as wave A, yet the positive amplitude
excursion in E is not as great as in D so that
the carrier is not as fully modulated. 'The nega-
tive excursion results in over-modulating the car-
rier with consequent distortion. In F, the posi-
tive peak of wave C goes beyond the peak carrier
amplitude and this over-modulation results in
distortion. On the other hand, the negative ex-
cursion does not reduce the carrier level as much
as in D.

The lower row of waves, G, I and I, repre-
sent radio-frequency amplitude-modulated waves
with the asymmetry control of the invention.
The normal symmetrical modulation shown in
G is the same as in D, In H, however, the nor-
mal unmodulated carrier level has been increased
to 31. Thus the asymmetrical wave B modu-
lates the carrier fully from zero to peak ampli-
tude levels, without over-modulation or distor-
tion. In I, the control wave reduces the normal
unmeodulated carrier level to 32, sc that the modu-
lating wave shown at C again fully modulates
the carrier from nearly zero to peak amplitude
without over-modulation or distortion.

Fig. 3 shows one specific embodiment of ap-
plicant’s invention used with a conventional plate,
or Heising type modulation circuit. Here the
audio signal input wave is supplied through audio
amplifier 33 to the control grid of modulator
tube 34.- A batiery 40 supplies suitable grid bias.
Plate voltage for tube 234 is supplied from a B+
source through coupling inductance 35. The plate
of tube 34 is connected through R. F. choke 36
to the plate of the modulated-amplifier tube 37.
The radio-frequency carrvier is supplied to the
primary of transformer 38, and the secondary
is shunted by capacitor 39 tuned to resonance.
The carrier is then supplied through grid leak
resistor 41 and shunting capacitor 42 to the grid
43 of the modulated amplifier tuke 37. The out-
put circuit of tube 37 includes the tank circuit
44 and blocking capacitor 45,

The plate supply voltage for the modulated
amplifier 37 is controlled by electronic tube 48
connected between cathode 47 and ground. Tube
48 is shunted by capacitor 48 to bypass the radio
frequency component. It will be understood that
as the potential applied to grid 51 of tube &6 is
varied, the internal resistance of the tube varies
and hence the plate supply voltage of tube 37
may be altered. Thus the carrier level may be
shifted by changing the grid potential of tube 46.

The control circuit in Fig. 3 is similar to that
shown in Fig. 1. The audio signal input is sup-
plied from amplifier 33 to transformer | 8, and
rectifiers {7 and I8 are connected in the second-
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ary circuit of the transformer. The impedances
are here shown as capacitors 52 and 53 shunted
by respective resistors 84 and 58. Each of recti-
fiers 17 and 18 serves as a peak detector, in that
the voltage built up across capacitor 52 represents
the peak amplitude of one polarity of the wave,
and the voltage built up across capacitor 53 rep-
resents the peak amplitude of the other polarity.
Since cabpacitors 52 and 53 are in series between
ground and grid 51, the voltages are in opposition
and the potential applied to grid 5{ varies in
accordance with the difference between the posi-
tive and negative peak voltages. The sign of the
combined voltage across capacitors 52 and 53 is
determined by the asymmetrical peak of greater
amplitude. A battery 57 may be provided to
establish proper operating grid bias for tube 48.

When the audio signal wave is symmetrical,
no voltage is developed across capacitors 52 and
83, and the bias applied to the grid of tube 46
remains fixed at a value determined by battery
57. Thus the plate voltage of tube 37 is not
varied by tube 48 and the circuit operates in the
normal fashion as a plate modulation circuit.
However, when the audio signal wave is asymmet-
rical, a voltage of proper polarity is developed
across capacitors 52 and 53 and changes the grid
bias on grid tube 46. This results in changing
the plate voltage across tube 37 and the normal
unmodulated carrier level is shifted.

It will therefore be clear that the normal cp-
erating point on the transfer characteristic be-
tween audio signal input and modulated carrier
output is shifted in proportion to the magnitude
and polarity of the control voltage wave, which
in turn are determined by the degree and direc-
tion of asymmetry of the audio signal wave.

The polarity of the control voltage is selected
so that the shift in carrier level is in the direc-
tion of the modulation produced by the smaller
of the asymmetrical amplitudes. For example,
referring to Fig. 2, the positive portions of wave
B are of smaller amplitude than the negative
portion, and the shift in the unmodulated carrier
level shown at 3/ in H is in the direction of the
modulation produced by the positive portion of
the modulating wave.

The circuit constants of the control circuit are
selected in accordance with the constants of the
modulation circuit and the conditions of opera-
tion. Rectifiers 17 and 18 may be of any suitable
type. For example, crystal rectifiers or detectors
of type 1N35 have been employed with success,
but diodes may be employed if desired. It is
advantageous to select values for capacitors 52
and §3 which will permit their rapid charge to
peak voltage, so that the attack time is kept short.
The values of shunting resistors 54 and 55 are
advantageously selected so that the control wave
is smoothed for the lowest audio frequency it
is desired to transmit. In some cases the back
resistance of crystal rectifier may provide suffi-
cient leakage to permit dispensing with separate
resistors. Time constants of the order of one-
tenth of a second have been employed with suc-
cess. In this manner any very low frequencies
which may be injected into the modulated signal
through the control circuit are kept below the
frequency response of the receivers which utilize
the transmitted signal.

Tt will be understood that as soon as the sig-
nal wave returns to its normal symmetrical con-
dition, the total control voltage across capacitors
52 and 53 will be rapidly returned to zero. In
the event that momentary over-modulation re~
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sults due to the finite attack time of the control
cireyit, the audio signal to the modulated am-~
plifier may be delayed slightly in order to permit
the control circuit to operate before the modu-
lation takes place.

The magnitude of the control wave for any
given amount of asymmetry may be altered by
changing the turns ratio of transformer 16 or
by changing the magnitude of the audio signal
as supplied to the transformer. It is advan-
tageous to select values which will shift the car-
rier level just enough to compensate for the
asymmetry, as shown in Fig. 2 at H and I. The
direction of shift may readily be changed by re-
versing the primary or secondary connections of
transformer {6. .

Referring now to Fig. ¢, the application of the
invention to a conventional frequency-modula-
tion -circuit is shown. The circuit is similar to
that shown on page 242 of Hund’s “Frequency
Modulation,” first edition, published by McGraw-
Hill Book Company. Since the frequency-modu-
lation ecircuit itself is well known, detailed de-
scription of the functioning of the elements is
unnecessary and it will suffice to point out the
functioning of the major components.

The audio signal input is supplied through a
preemphasis circuit 61 and audio amplifier 62
to the primary of transformer 63. The signal
from the secondary of transformer 63 passes
through resistors 64 and 65 to the balanced modu-
lator circuit 66. ‘The input signal to the balanced
modulator circuit may be considered {o appear
across terminals 67. A primary FM oscillator is
shown at 68, and contains a tank circuit includ-
ing inductance 69 and tunable capacitors T6
and 11.

Neglecting for the moment the asymmetry con-
trol circuit 71, the primary carrier frequency in
tank inductance 69 is supplied through the
coupled coil 12 and the 90° phase shifter cireuit
13 to the cathode-~grid circuits of reactance tubes
74 and 15. The phase-shifted carrier signal is
thus supplied to both grids in the same phase.
At the same time, the input audio signal at ter-
minals 671 is supplied to the grids of reactance
tubes 74 and 75 in push-pull. The net effect is
to vary the reactance of the tank circuit composed
of inductance 69 and variable capacitors 16 and
17 so as to obtain a frequency-modulated wave.
The output at 18 is then supplied to the usual
frequency doublers and power amplifiers for
transmission.

Referring now to the asymmetry control cir-
cuit 71, an audio amplifier 81 supplies the audio
signal to the balanced rectifier circuit composed
of center-tapped transformer 82, rectifiers 83, 84,
capacitors 85, 86, and shunting resistors 90, 80a.
This circuit is similar to that described in con-
nection with Fig. 3 and, as there described in
detail, a control wave appears across lines 81
whose magnitude and sign varies in accordance
with the degree and direction of asymmetry be-
tweeén positive and negative amplitudés of the
audio signal wave.

Ordinarily the balanced modulator circuit has
a resistance between terminals 61. This resist-
ance is replaced by the two resistors 88 and 89
in series with the voltage developed across capaci-
tors 85, 86. Thus the control wave is effectively
applied across terminals §7, simultaneously with
the audito signals supplied thereto. Resistors €4
and 65 are inserted to prevent the shortcircuiting
of the contrel voltage supplied to terminals 67
by the secondary of transformer 63. =~
“The operation of the symmetry control circuit
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will be clear. The audio signal voltage ‘supplied
to terminals 87 varies the frequency of the modu-
lated signal in the usual fashion. . The .control
wave, supplied to the same terminals, shifts the
normal rest frequency of the transmitted signal.
Normally, in the absence of any audio signal, an
unmodulated rest frequency is transmitted of
value determined by the constants of the tank
circuit in the oscillator 68. A symmetrical audio
signal varies the transmitted frequency symmet-
rically about the normal rest frequency. When

‘an asymmetrical audio .signal arrives, a control

voltage is developed and applied to terminals 61,
thereby shifting the normal unmodulated rest
carrier frequency. The asymmetrical audio sig-
nal then causes the carrier to vary arcund the
shifted rest frequency.

The operation is further illustrated in Fig, 5.
Here, line 91 is the transfer characteristic be-
tween the input signal voltage and the frequency
deviation of the modulation circuit. Line 82 is
the normal unmodulated rest condition, wherein
a zero input voltage gives a zero frequency devia-
tion. If @ symmetrical audio signal wave 93 is
applied, the symmetrical frequency deviation
shown at 93¢ results. This is shown as a signal
of maximum volume, so that the full frequency
deviation of 475 ke. (present standards) results.
If an asymmetrical wave such as shown at 94 is
supplied to the input, and the normal rest fre-
quency were unchanged, the frequency deviation
would be as shown at 94a. This is overmodulated
in the positive direction and modulated less than
maximum in the negative direction.

In accordance with the invention, a conftrol
voltage of magnitude represented by Ve is suppied
to the input circuit of the modulator so as to
shift the normal rest carrier frequency by the
amount fe. This results in shifting the asym-
metrical wave from the position shown at 84 to
that shown at 95, with corresponding change in
frequency deviation from 84a to 95a. The latter
wave shows that full frequency deviation is ob-
tained from +75 ke, to —75 kec. without over-
modulation.

The above specific embodiments illustrate the
application of the invention to specific amplitude-
modulation and frequency-modulation circuits.
The application to other types of circuits will be
clear to those in the art. Furthermore, the man-
ner of deriving the control wave from the audio
signal need not be the specific one described.
since many forms of peak detector circuits are
known in the art and may be adapted readily for
use in the present invention.

Tt is also possible to use the principles of the
invention in audio amplifier circuits. In many
amplifier circuits, particularly in class A ampli-
fiers, the distortion introduced by the upper and
lower bends of the plate characteristic is the
limiting factor. If an operating point on the
transfer characteristic of the amplifier is selected
to allow maximum swing for symmetrical audio
signals, an asymmetrical audio signal of equal
magnitude will result in distortion at either the
upper or the lower bend, depending upon the di-
rection of the asymmefry. In such case & con-
trol wave may be developed, as above described,
and supplied as a bias to the audio amplifier to
shift the normal operating point on the trans-
fer characteristic when asymmetrical signals oc-
cur. This allows maximum swing for both sym-
metrical and asymmetrical signals without dis-
tortion.

Tt will be apparent to those in the art that
the principles of controlling the operation of elec-
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tronic circuits with respect to the waveform sym-
metry of the input signal as described herein are
of broad application. Many specific circuits may
be devised or adapted to effect the desired con-
trol, within the spirit of the invention.

What is claimed is:

1. In combination, an electronic circuit hav-
ing an input circuit and an output circuit with
a predetermined fransfer characteristic there-
between, circuit connections for applying an
audio signal wave to said input circuit to swing
about a predetermined operating point on said
transfer characteristic, an asymmetry detection
circuit supplied with said audio signal wave and
designed and adapted to yield an output control
wave which varies with asymmetrical positive and
negative portions of said signal wave, and circuit
connections for applying said control wave to said
electronic circuit to shift said operating point in
the direction of swing of the smaller of said asym-
metrical portions when said audio signal wave is
asymmetrical,

2. In combination, an electronic circuit having
an input circuit and an output circuit with g
predetermined transfer characteristic therebe-
tween, circuit connections for applying an audio
signal wave to said input circuit to swing about
a predetermined operating point on szid trans-
fer characteristic, a rectifier circuit supplied with
sald audio signal wave and connected to respond
to differences between positive and negative
asymmetrical amplitudes thereof to produce a
control wave which varies with the asymmetry,
and circuit connections for applying said control
wave to said electronic circuit to shift said op-
erating point in the direction of swing of the
smaller of said asymmetrical amplitudes.

3. In combination, a circuit including an elec-
tronic tube and having an input circuit and an
output circuit with a predetermined transfer
characteristic therebetween, circuit connections
for applying an audio signal wave to said input
circuit to swing about a predetermined operating
point on said transfer characteristic, a balanced
rectifier circuit having a plurality of peak recti-
fiers connected to develop a control wave propor-
tional to the differences in amplitude of positive
and negative loops of an alternating wave im-
pressed thereon, circuit connections for impress-
ing said audio signal wave on said rectifier cir-
cuit to obtain a control wave varying with asym-
meftries in said signal wave, and circuit connec-
tions for applying said control wave to said elec-
tronic circuit to shift said operating point in the
direction of swing of the smaller of said asym-
metrical amplitudes.

4. In a modulated radio-frequency signalling
system, in combination, a modulation ecircuit in
which a selected characteristic of a radio-fre-
quency carrier is varied in accordance with an
audio signal wave, an asymmetry detection cir-
cuit supplied with said audio signal wave and
designed and adapted to yield an output control
wave which varies with asymmetrical positive
and negative portions of said signal wave, and
circuit connections for supplying said control
wave to said modulation circuit to change the
normal unmeodulated value of said selected char-
acteristic in the modulation direction of the
smaller of said asymmetrical portions when said
audio signal wave is asymmetrical.

5, In a modulated radio-frequency signalling
system, in combination a modulation circuit in
which a selected characteristic of said radio-fre-
quency carrier is varied from a normal unmodu-
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lated value in accordance with said audio signal
wave to produce a modulated signal, a rectifier
circuit supplied with said audio signal wave,
said rectifier circuit being connected to respond
to differences between positive and negative
asymmetrical amplitudes of said audio signal
wave to produce a control wave which varies with
the asymmetry, and circuit connections for sup-
plying said control wave to the modulation cir-
cuit. to change said normal unmodulated value
when the audio signal wave is asymmetrical,
whereby overmodulation of said carrier by asym-
metrical signals may be diminished.

6. In a modulated radio-frequency signalling
system, in combination, a modulation circuit in
which a selected characteristic of said radio-fre-
quency carrier is varied about a normal unmodu-
lated value in accordance with an audio signal
wave to preduce a modulated signal, a balanced
rectifier circuit having a plurality of rectifiers
connected to develop a control wave proportional
to the differences in amplitude of positive and
negative loops of an alternating wave impressed
thereon, circuit connections for impressing said
audio signal wave on said rectifier circuit to ob-
tain a contrel wave varying with asymmetries in
said signal wave, and circuit connections for sup-
plying said control wave to said modulation cir-
cuit to produce a proportional change in said
normal unmodulated value when said audio sig-
nzal wave is asymmetrical, the polarity of the
control wave as supplied to said modulation cir-
cuit being selected to change said normal un-
modulated value in the modulation direction of
the smaller of the asymmetrical amplitudes of
said audio signal wave, whereby overmodulation
of said carrier by asymmetrical signals may be
diminished. )

7. In an amplitude-modulation signalling sys-
tem, in combination, an amplitude-modulation
circuit in which the amplitude of a radio-fre-
quency carrier is varied about a normal un-
modulated level in accordance with an audio
signal wave, an asymmetry detection circuit sup-
plied with said audio signal wave and connected
to respond to differences between positive and
negative asymmetrical amplitudes thereof to
produce a control wave which varies with the
asymmetry, and circuit connections for supply-
ing said control wave to the modulation circuit
to change said normal unmodulated carrier level
in the modulation direction of the smaller of said
asymmetrical amplitudes.

8. In an amplitude-modulation signalling sys-
tem, in combination, an amplitude-modulation
circuit in which the amplitude of a radio-fre-
quency carrier is varied about s normal un-
modulated level in accordance with an audio
signal wave, a rectifier circuit supplied with said
audio signal wave and connected to respond to
differences between positive and negative asym-
metrical amplitudes thereof to produce a control
wave which varies with the asymmetry, and
circuit connections for supplying said control
wave to the modulation circuit to produce a pro-
portional change in said normal unmodulated
carrier level in the modulation direction of the
smaller of said asymmetrical amplitudes.

9. In an amplitude-modulation signalling sys-
tem, in combination, an amplitude-modulation
circuit in which the amplitude of & radio-fre-
quency carrier is varied about a normal un-
modulated level in accordance with an audio
signal wave, a balanced rectifler circuit having
& plurality of peak rectifiers connected to develop



& control wave proportional to the differences in
amplitude of positive and negative peaks of an
altérnating wave impressed thereon, circuit con-
nections for impressing said audio signal wave
on said rectifier circuit to obtain a coritrel wave
varying with asymmetries in said signal wave,
the decay time constant of said peak rectifiers
being longer-than the period of the lowest audio
frequency to’ be transmitted, and circuit con-
nections for- supplying said control wave to said
modulation circuit to change the normal un-
modulated carrier level in the modulation direc-
tion of the smaller of the asymmetrical ampli-
tudes of said audio signal wavé, whereby ovér-
modulation of said carrier by asymmetrical sig-
nals may be diminished.

10. In ‘an amplitude-modulation signalling
system, in combination, an amplitude-modula-
tion cireuit in which the amplitude of & radio-
frequency carrier is varied about a normal un-
modulated level in accordance with an audio
signal wave, a pair of rectifler circuits supplied
with said audio signal wave, each rectifier eir-
cuit containing a storage reactive impedance and
the rectifiers being polarized to derive rectified
waves corresponding respectively to positive and
negative amplitudes of the audio signal wave in
respective impedances, ¢onnections for combin-
ing said rectified waves in opposition to obtain
5 control wave which varies with the difference
in said positive and negative amplitudes when
the audio signal wave is asymmetrical, the re-
active impedances being selécted to yield a decay
time constant longer than the period of the low=
est-audio frequency to be transmitted, and circuit
connections for supplying said control wave to
said modulation circuit to change the normal un-
modulated carrier level in the modulation direc-
tion of the smaller of the asymmetrical amplitudes
of said audio signal wave, whereby overmodulation
of said carrier by asymmetrical signals may be
diminished. .

11."In ana amplitude - modulation signalling
system, in combination, an amplitude-modula-
tion circuit in which the amplitude of a radio-
frequency carrier is varied about & normal un-
modulated level in accordance with an audio sig-
nal wave, a transformer supplied with said audio
signal wave and having a center-tapped second-
ary winding, a pair of rectifiers and respective
capacitive impedances connected in circuit be-
tween said center tap and respective ends of
the secondary winding and having decay time
constants longer than the period of the lowest
audio frequency to be transmitted, said rectifiers
being polarized to develop a centrol voltage wave
across said capacitive impedances proportional
to the difference in peak positive and negative
amplitudes of said audio signal wave when it is
asymmetrical, and circuit connections for supply-
ing said control wave to said modulation circuit
to change the normal unmodulated carrier level
in the modulation direction of the smaller of the
asymmetrical amplitudes of said audio signal
wave, whereby overmodulation of said carrier by
asymmetrical signals may be diminished.

12. In an amplitude-modulation signalling
system, in combination, an amplitude-modula-
tion circuit of the plate-modulation type includ-
ing a first electronic tube having grid-cathode
and plate-cathode circuits, connections for sup-
plying a radio-frequency carrier to said grid-
cathode circuit, connections for supplying an
audio signal wave to the plate of said electronic
tube to amplitude-modulate the output thereof,
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a second electronic tube in the cathode circuit
of the first—-méntioned electronic tube to control
the plate-cathode voltage thereof and thereby
the unmodulated carrier level, a transformer
supplied with said audio signal wave and hav-
ing a center-tapped secondary winding, a . pair
of rectifiers connected in circuit between said
center tap and respective ends of the secondary
winding, a pair of shunt resistor-capacitor cir-
cuits in series between said center tap and re-
spective rectifiers and having decay time cot-
stants longer than the period of the lowest audio
frequency to be transmitted, said rectifiers being
polarized to develop & control voltage wave across
said resistor-capacitor circuits proportional to
the difference in peak positive ahd negative am=
plitudes of said audio signal wave when it is
asymimetrical, and connections supplying said
control voltage wave to control the current
throu~h said second electronic tube and thereby
the plate-cathode voltage of the first electronic
tube, the polarity of the control wave as supplied
to said second electronic tube being selected to
shift the normal unmodulated carrier level in the
modulation direction of the smaller of the asyms
metrical amplitudes of said audio signal wave.

'13. In & frequency-modulation signalling sys-
tem, in combination, a freguency-modulation
circuit in which the frequency of a radio-fre=
quency carrier is varied about a normal unmodu-
lated frequency in accordance with an audio
sighal wave, an asymmetry détection circuit sup-
plied with said audio signal wave and connected
to respond to differences between positive and
negative asymmetrical amplitudes thereof to
produce a control wave which varies with. the
asymmetry, and circuit connections supplying
said control wave to said modulation circuit to
ghift the normal unmodulated carrier frequency
in the modulation direction of the smaller of
said asymmetrical amplitudes. - .

14.In 2 frequency-modulation signalling sys-
tem, in combination, a frecuency-modulétion
circuit i which the frequency of a radio-fre-
gueney carrier is varied about & normal unmodii-
Iated frequency in accordance with an audio
signal wave, & rectifier circuit supplied with said
audio sighal wave and connected to. respond to
differences hetween positive and negative asym-
metrical amplitudes thereof t6 produce a control
wave which varies with the asymmetry, and eir-
cuit Gonhections supplying said conttol wave to
said modiilation ¢ircuit t6 produce a proportional
shift in the normal unmodulated carrier fre-
quency in the modulation direction of the smaller
of said asymmetrical amplitudes.

15. Tn a frequency-modulation signalling sys- -
tem, in combination, a frequency-modulation
circuit in which the frequency of a radio-fre-
quency carrier is varied about a normal unmodu-
lated frequency in accordance with an audio
signal wave, a balanced rectifier circuit having a
plurality of peak rectifiers connected to develop
a control wave proportional to the differences in
amplitude of positive and negative peaks of an
alternating wave impressed thereon, circuit con-
nections for impressing said audio sighal wave on
said rectifier circuit to obtain a control wave
varying with asymmetries in said signal wave,
the decay time constant of said peak rectifiers
being longer than the period of the lowest audio
frequency to be transmitted, and circuit connec-
tions supplying said control wave to said modu-
lation circuit to shift the normal unmodulated
carrier frequency in the modulation direction
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of the smaller of the asymmetrical amplitudes of
said audio signal wave, whereby overmodulation
of said carrier by asymmetrical signals may be
diminished.

16. In a frequency-modulation signalling sys-
tem, in combination, a frequency-modulation
circuit in which the frequency of a radio-fre-
quency carrier is varied about a normal unmodu-
lated frequency in accordance with an audio
signal wave, a pair of peak rectifier circuits sup-
plied with said audio signal wave, each rectifier
circuit containing a capacitive impedance and
the rectifiers being polarized to derive rectified
waves corresponding respectively to positive and
negaftive amplitudes of the audio signal wave in
respective impedances, connections for combin-
ing said rectified waves in opposition to obtain a
control wave which varies with the difference in
said positive and negative amplitudes when the
audio signal wave is asymmetrical, the capacitive
impedances being selected to yield a decay time
constant longer than the period of the lowest
audio frequency to be transmitted, and circuit
connections supplying said control wave to said
modulation circuit to shift the normal unmodu-
lated carrier frequency in.the modulation direc-
tion of the smaller of the asymmetrical ampli-
tudes of said audio signal wave, whereby over-
modulation of said carrier by asymmetrical sig-
nals may be diminished.

17. In 2 frequency-modulation signalling sys-
tem, in combination, a frequency-modulation
circuit having an input circuit supplied with an
audio signal wave to swing the frequency of a
radio-frequency carrier about a normal unmodu-
lated value, a transformer supplied with said
audio signal wave and having a center-tapped
secondary winding, a pair of rectifiers and re-
spective capacitive impedances connected in cir-

b
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cuit between said center tap and respective ends .-

of the secondary winding and having decay time
constants longer than the period of the lowest
audio frequency to be transmitted, said rectifiers
being polarized to develop a control voltage wave
across said capacitive impedances proportional
to the difference in peak positive and negative
amplitudes of said audio signal wave when it is
asymmetrical, and connections supplying said
control voltage wave to said input circuit to shift
the normal unmodulated carrier frequency, the
polarity of the control wave as supplied to said
input circuit being selected to shift the carrier in
the modulation direction of the smaller of the

=51
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asymmeirical amplitudes of the audio signal
wave.

18. In an electronic circuit having a prede-
termined transfer characteristic between input
and output circuits thereof, and an audio signal
wave applied to said input circuit to swing about
a predetermined operating point on said transfer
characteristic, the method which comprises de-
veloping a control wave which varies with asym-
metrical positive and negative portions of said
audio signal wave, and utilizing said control wave
to shift said operating point in the direction of
swing of the smaller of said asymmetrical por-
tions when said audio signal wave is asym-
metrical.

19. In an electronic circuit having a prede-
termined transfer characteristic between input
and output circuits thereof, and an audio signal
wave applied to said input circuit to swing about
a predetermined operating point on said transfer
characteristic, the method which comprises de-
veloping a control wave which is proportional to
the difference between positive and negative
asymmetrical amplitudes of said audio signal
wave, and utilizing said control wave to shift
said operating point in proportion thereto and
in the direction of swing of the smaller of said
asymmetrical amplitudes.

20. In a modulated radio-frequency signalling
system in which a selected characteristic of a
radio-frequency carrier is modulated in accord-
ance with an audio signal wave, the method
which comprises developing a control wave which
is proportional to the difference between positive
and negative asymmetrical amplitudes of said
audio signal wave, and shifting the normal un-
modulated value of said selected characteristic
in accordance with said control wave and in the
modulation direction of the smaller of said asym-
metrical amplitudes, whereby overmodulation of
said. carrier by asymmetrical signals may bhe
diminished.

LUKE H. MONTGOMERY.
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