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Matter enclosed in heavy brackets [ ] appears in t}le
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates generally to systems for compress-
ing-audio or other low frequency signals and more par-
ticularly to a system for instantaneously compressing the
modulating signal applied to a modulation system to pre-
vent over-modulation by high frequency pulses.

It is standard practice in communication systems to
transmit low frequency or audio signals by using such
signals to modulate a high frequency carrier wave. Such a
carrier wave may then be transmitted either over wire lines
or by radio.  In radio transmission, in order to prevent
interference between various communication systems the
frequency band must be limited, that is, each communica-
tion system must operate within narrow frequency limits
so that interference between the various systems will be
prevented. In frequency modulating systems the devi-
ation of the modulated carrier wave depends only upon
the amplitude of the modulating signal ‘and is entirely
independent of frequency thereof. Therefore, by limit-
ing the amplitude of the modulating signal, over-modu-
lating can be prevented. However, in other types of modu-
lating systems as, for example, phase modulating systems
the deviation of the carrier wave also varies with the
frequency of the modulating signal. For this reason,
simple amplitude limiting which is independent of fre-
quency will not necessarily prevent over-modulation of
the carrier wave. Therefore, it is necessary that steep
wave fronts in the modulating signal be reduced. in slope
or eliminated.

There are many other applications.in communication
work in which it is desired to reduce or eliminate: high
frequency pulses without destroying the intelligibility of
the signal or causing objectionable ‘distortion thereof. - An
example of this is the interference caused by ignition noise
in-standard amplitude modulated:and frequency ‘modu-
lated systems. Such ignition noise is. of very high fre-
quency and it would be desirable to remove it from the
audio signal.

It is, therefore, an object of the present invention to
provide a compression system to limit the high frequency
pulses in an audio signal.

A further object of this invention is to.provide a: gys-
tem for ‘compressing  the modulating signal:in a.phase
modulation system to prevent overmodulation.

Another object is to provide an audio compression: sys-
tem ‘which is instantaneous in operation.

A still further object of this inventien. is to.provide
a system for reducing the slope of steep wave fronts
in audio frequency signals which introduces a minimum
of distortion so that the intelligibility of the audio signals
is not appreciably impaired thereby.

A feature of this invention is the provision of a sys-
tem for compressing an audio signal in which the signal
is first differentiated, then clipped and subsequently inte-
grated.

Another feature of this inverition is the provision of a
compression . ssytem in- which -signals - of : amplitude “and
frequency within predetermined limits are not distorted,
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and in which signals of amplitude and frequency which
exceeds said limits are distorted by only a small amount
which may be tolerated in communication systems.

Further objects, features and ‘advantages will be ap-
parent from a consideration of the foltowing description
taken in connection with the accompanying drawings in
which: : )

Fig. 1 is a circuit diagram of the audio compression sys-
tem in accordance with the invention;

Fig. 2 is a curve chart illustrating the operation of the
compression system;

Fig. 3 is a curve chart illustrating the response of the
system; and -

Fig. 4 is a block diagram illustrating the use of the audio
compression system in a phase modulation system. )

In practicing the invention there is provided a system
for instantaneously compressing or limiting an audio fre-
quency signal which includes a differentiating network to
which the audio frequency signal is applied.. The differ-
entiating network provides a signal wave the amplitude of
which is a measure of the rate of change of the audio
signal applied thereto. The amplitude is, therefore, a
measure of the frequency of the audio signal. ‘The signal
wave produced by differentiation is then applied to a bal-
anced clipping system which is adapted to clip the positive
and negative portions of the wave at the same level, The
wave after being clipped is then applied to an integrating
circuit which provides a wave in which the amplitude
changes at a rate corresponding to the amplitude of the ap-
plied wave. It is obvious that when the wave applied to
the clipper is below the clipping level, the output of the in-
tegrating circuit will correspond exactly with the input
signal applied to the differentiating circuit so that under-
this condition the compression circuit is ineffective, When
the input signal has such a steep wave front that the
clipper cuts a relatively large amplitude from the differ-
entiated wave, the wave applied to the integrating circuit
will approach a square wave and the output thereof will
approach a triangular wave. A triangular ‘wave is the
limiting condition and as the distortion of such a wave is
relatively low, the output of the integrating circuit will in
any case be distorted only a small amount and the in-
telligence of the ‘audio signal will not be substantially
impaired.

Referring now to the drawings, in Fig. 1 a cir-
cuit diagram of one embodiment of the compressicn
system fis illustrated. The audio signal is applied to
terminals 10 and 11 across resistor 12. The resistor
12 should preferably be of low resistance to keep the
equivalent source. impedance low. The voltage across
resistor 12 is applied to the differentiating cireuit com-
posed of condenser 13 and .resistor 14 cennected in
series which differentiates all frequencies below a. cer-
tain value depending upon: the constants of the circuit.
As is well known, the voltage appearing across resistor
14, for all frequencies under this value, will be pro-
portional to the rate of change of the voltage applied
to the differentiating circuit. To increase the amplitude
of the differentiated -signal ‘wave, ‘a. suitable -amplifier
stage may be provided -as, for example, the tube 15
having a grid 16 to which the signal is applied. The
amplifier tube 15 includes a cathode 17 biased by re-
sistor 18 -which is by-passed by condenser 19 Oper-
ating potential is applied: to the screen grid 20 through
resistor 21 and to the plate 23 through resistor’ 37, the
screen grid being bypassed by condemser 22. It is to

be pointed out that any suitable amplifier may be used
and the pentode illustrated is only to be considered as
an example. o

The amplified signal ‘wave appearing on’ the plate 23
of the tube 15 is applied thtough -a large resistor 24
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to a pair of diodes 25 and 26 which may be included
in a single tube 27 as illustrated. The wave is applied
to the plate 28 of the diode 25 and the cathode 29 of
the diode 26, with the cathode 30 of diode 25 and plate
31 of diode 26 being connected to biasing potentials, so
that both the positive and negative portions of the differ-
entiated wave are clipped. Potentials for the diodes may
be obtained from a resistor 32 connected to a +B po-
tential with movable contacts 33 and 34 being provided
on the resistor for connection to the two diodes. These
potentials are by-passed by condensers 35 and 36. It
is apparent from the above that by proper adjustment
of the movable contacts 33 and 34 the potentials applied
to the diodes can be controlled so that the clipping of
the positive and negative portions of the wave will be at
the same level and this level can be adjusted as desired.

The clipped signal is applied through coupling con-
denser 40 to a second amplifier which is illustrated as
a triode 41 by way of example. The signal is applied
to grid 42 of the triode which is biased by resistor 43.
The cathode 44 is connected to ground through resistor
45 which is by-passed by condenser 46. Operating po-
tential is applied to the plate 47 of the tube through
resistor 48. The amplified signal is then applied to an
integrating circuit including resistor 50 and condenser
51 connected in series which integrates all frequencies
above a certain value depending upon the comstants of
the circuit. As is well known, the voltage appearing
across condenser 51 will vary in accordance with the
amplitude and inversely with the frequency of the voltage
applied to the integrating circuit to thereby substantially
restore the signal originally applied to the differentiat-
ing circuit. This signal is applied through coupling con-
denser 52 to terminals 53 and 54 which may be connected
to any circuit in which it is desired to use the compressed
audio wave.

The operation of the circuit of Fig. 1 will be clearly
understood from a consideration of the curves in Fig. 2.
Curve A indicates a sine wave which may be applied
to the terminals 10 and 11. This will appear across
the resistor 12 and be differentiated to provide a signal
wave across resistor 14 as illustrated in curve B. 1t is
well known that the differentiation of a since wave pro-
duces a cosine wave. This wave is then amplified in
the amplifier 15 and applied to the diodes of the clipper.
The diodes are biased so that signals under predetermined
limits are not affected thereby but that signals above the
limits are clipped or limited to the predetermined limits.
When operating on simple symmetrical waves, the diodes
should be biased so that the clipping action is completely
symmetrical or balanced, that is, the maximum ampli-
tude of the negative and the positive portions of the wave
should preferably be substantially the same. This re-
sults in a minimum of distortion. When the amplitude
of the differentiated wave is within the limits allowed
and the clipper is not effective, the wave as shown in
curve B will be applied to the amplifier 41 and applied to
the integrating circuit with the result that the sine wave
as shown in curve A will be produced across condenser
§1. It is obvious that under these circumstances the
wave across the condenser 51 will correspond exactly to
the wave applied to the differentiating circuit and no
distortion will be introduced by the compression system.
When, however, waves of large amplitude are applied
to the clippers and a substantial portion of the ampli-
tude is removed therefrom, the output from the clippers
will approach a square wave as illustrated by curve C.
This represents the condition when maximum compres-
sion or limiting is required. When the balanced square
wave is applied to the integrating circuit the output there-
from will be a triangular wave having equal sides as
illustrated in curve D. A triangular wave is the lim-
iting condition when working with symmetrical waves
and using balanced clippers. The triangular wave as
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illustrated in curve D includes, in addition to the funda-
mental (as illustrated in curve A, only odd harmonics,
that is, the third, fifth, seventh, etc., harmonics. The
magnitude of these harmonic waves is inversely propor-
tional to the square of the order of the harmornic. That
is, the third harmonic is 1/9 of the fundamental and
the fifth harmonic is 1/25, etc. As the amplitude de-
creases rapidly with the order of the [hormonic] harmonic
the total distortion will not be appreciably greater than
the distortion produced by the third harmonic. There-
fore, the maximum distortion will be of the order of 12
percent. This is a tolerable distortion for many com-
munications applications.

As previously stated, the differentiating circuit is effec-
tive for all frequencies under a predetermined value and
the integrating circuit is effective for all frequencies above
a predetermined value. The particular values used in the
system will depend upon the application. in which the
compression system is used and will define the limits of
the frequencies transmitted by the system without sub-
stantial attenuation. When used for voice frequencies,
the upper limit may be set at 3000 cycles and the lower
limit at 50 cycles. Curves illustrating such a system are
illustrated in Fig. 3 in which curve a indicates the re-
sponse of the differentiating circuit when the value of
the condenser 13 is .00053 microfarad and the value of
resistance 14 is 100,000 ohms. The dotted curve marked
a’ illustrates a sharp cut-off which would theoretically
be provided at 3000 cycles, the actual response being
indicated by the solid curve and being slightly rounded.
To provide integration at frequencies above 50 cycles
the resistor 5¢ may be 100,000 ohms and the condenser
21 may be .032 microfarad. The curve b illustrates the
actual response in such a circuit-and the curve b’ illus-
trates the theoretical response with a sharp cut-off at 50
cycles. The response of the entire system is illustrated
by curve c¢ and it is apparent that the response is sub-
stantially level between 50 and 3000 cycles. The cut-
off points are considerably rounded instead of being
sharply defined as on the theoretical curve c’. It is
apparent from the curves in Fig. 3 that the effect of
the differentiating circuit and that of the integrating cir-
cuit in the frequency range from 50 to 3000 cycles is
substantially complementary and resulting in an over-all
response over this frequency range which is not substan-
tially modified.

Circuits in accordance with the invention have been
tested both by observing the waves at various points in
the system by oscilloscopes and also by application of
voice signals produced by spoken words and then listen-
ing to the reproduced sound to determine the intelli-
gibility after passing through the compressor. The wave
shapes observed were substantially identical to the waves
shown in Fig. 2. When applying signals of such ampli-
tude that large portions are removed from the differ-
entiated waves by the diodes, the intelligibility was not
greatly affected and spoken words were easily under-
stood. Observations also indicated that the signals were
effectively compressed and the deviation produced there-
by was limited. This would confirm the theoretical
analysis which indicates that the distortion produced by
the system is tolerable and the device is useful.

The audio comprescion system in accordance with the
invention is particularly suitable for use to prevent over-
modulation in a phase modulating system. Such a system
is illustrated in Fig. 4, in which the modulating signal
may be derived by any sound source such as microphone
60 and is then amplified by audio amplifier 61. The
audio signal is then passed through the compressor 62
prior to being applied to the phase modulator 63. As
the amplitude of the differentiated wave produced in the
compressor is generally proportionzl to the deviation pro-

‘duced by the phase modulator, by properly limiting the
‘amplitude of the differentiated wave in the clipper, the
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deviation of the modulator casi be correspondingly lim-
ited. Therefore, the modulation: of the carrier wave pro-
duced by the radio frequency sourcé 64 is limited and
the phase modulated wave produced by the modulator
63 will not be over-modulated. As previously stated, it
has been proven by tests that the system disclosed is ef-
fective to instantaneously limit the deviation. The wave
from the miodulator may be amplified in the power am-
plifier 65 and radiated as radio energy or alternatively
may be applied to a communication system utilizing wire
lines.

It will be apparent from the above that the andio com-
pression system described is instantaneous in operation
with the high frequency pulses being positively removed
* from the signal. This is to be contrasted with known
limiter systems in which a certain time delay is involved
and high frequency pulses of short duration will not be
stopped. Such time delay in the compression system
would permit over-modulation when used in a system as
illustrated in Fig. 4. The system does not employ vari-
able gain tubes or other components which are critical of
adjustment. It is also apparent from the above that the
compression system produces a satisfactorily small
amount of distortion, there being no distortion at all
when the signal is of such amplitude and frequency
that the clipper is not effective. When used in a modu-
lating system, the clipping level may be adjusted so that
there would be no clipping action when the signal is such
that over-modulation would not be produced. The maxi-
mum distortion, which will occur when signals of very
high frequency are applied to the system resulting in
maximum distortion, is fourd to be of the order of 12
per cent and does not substantially affect the intelligi-
bility of audio frequency signals. Although the above
relates to operation with symmetrical signals and the use
of balanced clipping it is to be pointed out that the sys-
tem may also be used with more complex, non-symmetri-
cal waves with the clipping being unbalanced.

While there has been described one embodiment of
the invention which is illustrative thereof, it is apparent
that various changes and modifications can be made there-
in without departing from the intended scope of the in-
vention as defined in the appended claims.

I claim:

E1. In a phase modulating system in which the devia-
tion of the carrier wave depends upon. both the frequency
and the amplitude of the modulating signal, the method
of preventing over-modulation of said carrier wave which
comprises the steps of, differentiating said modulating sig-
nal, limiting the amplitude of said differentiated wave
with respect to the axis thereof, and integrating said am-
plitude limited wave.}

I2. In a modulating system in which the deviation of
the carrier wave depends upon the fiequency of the modu-
lating signal, the method of modifying the modulating
signal to prevent over-modulation of said carrier wave
which comprises the steps of differentiating said modu-
lating signal, symmetrically clipping both the positive and
negative portions of said differentiated wave, and inte-
grating said clipped wave.}

3. In a modulating system in which a carrier wave is
modulated by a signal including components of various
frequencies and in which the deviation of the carrier
wave depends upon the amplitude and frequency of the
modulating signal, the method of modifying the modu-
lating signal to prevént over-modulation of said carrier
wave which comprises the steps of differentiating said
modulating signal for all frequencies below a firs? prede-
termined value but not substantially for frequencies above
said first predetermined value, limiting the amplitude of
said differentiated wave at substantially the same value
on either side of the axis thereof, and integrating said
clipped wave for all frequencies above a second prede-
termined value lower than said first predetermined value
but not substantially for frequencies below said second
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predetermined’ value,. said. first and: second: values: defin-
ing the boundaries of the frequency band of the modu-
lating signal applied to the carrier wave.

[4. The method of compressing an audio signal which
comprises the steps. of differentiating said audio signal,
limiting the amplitude of both the positive and negative
peaks of said differentiated wave to a fixed level, and
integrating said limited wave to produce an output wave
having an instantaneous slope directly proportional to the
instantaneous amplitude of said limited wave, whereby
the resulting wave corresponds exactly to said audio sig-
nal when. the frequency thereof is such that said dif-
ferentiated wave remains below said fixed level, and the
distortion of said resulting wave is relatively low when
said differentiated wave exceeds said fixed level and said
differemtiated wave islimited.]

[5. The method of compressing an audio signal which
comprises the steps of differentiating said audio signal
for all frequencies below . a predetermined value, clip-
ping said differentiated wave to limit the amplitude
thereof to substantially the same value on either side of
the axis of said differentiated wave, and integrating said
clipped wave for all frequencies above a second prede-
termined value to produce an output wave having an in-
stantaneous slope directly proportional to the instantane-
ous amplitude of said clipped wave for all frequencies
above said predetermined value.}

[6. The method of compressing an audio signal which
comprises the steps of differentiating said audio signal,
limiting the amplitude of said differentiated wave sym-
metrically with respect to the axis thereof, and integrating
said limited wave to produce an output wave having an
instantaneous slope directly proportional to the instanta-
neous amplitude of said limited wave.}

L[7. Apparatus for compressing an audio frequency
wave comprising means for converting said audio signal
into a second signal wave having an amplitude varying
in accordance with the rate of change of said audio
wave, means for limiting the amplitude of said second
signal wave to a predetermined level with respect to the
axis thereof, and means for producing a wave instantane-
ously changing in amplitude at a rate corresponding to
the instantaneous amplitude of said limited signal wave.}

[8. Apparatus for compressing an audio frequency
wave comprising means for converting said audio signal
wave into a second signal wave the amplitude of which
varies in accordance with the rate of change of said audio
wave, means for symmetrically clipping the positive and
negative peaks of said second wave at a predetermined
level to limit said second wave to said level, and means
for producing a wave the instantaneous rate of change
in amplitude of which varies in accordance with the in-
stantaneous amplitude of said second wave, whereby the
resulting wave is identical to said audio signal wave
when said second wave remains below said predeter-
mined level, and said resulting wave is distorted a lim-
ited amount when said second wave exceeds said prede-
termined level and clipping action takes place.}

[9. A unitary system for compressing an audio fre-
quency wave comprising a circuit for differentiating said
audio signal for all frequencies below a predetermined
value, a pair of clippers biased to symmetrically clip
said differentiated wave when the amplitude thereof ex-
ceeds a predetermined level, and a circuit for integrating
said clipped wave for all frequencies above a second
predetermined value to produce an output wave having
an instantaneous slope directly proportional to the in-
stantaneous. amplitude of said clipped wave for all fre-
quencies above said predetermined value.J

L[10. In a phase modulating system in which the devi-
ation of the carrier wave depends upon the frequency
of the modulating signal, a unitary system for compress-
ing said modulating signal to prevent over-modulation
of said carrier wave comprising, differentiating means for




?roducing a second signal wave the amplitude of which
is a measure of the frequency of said modulating signal,
means for clipping said second wave when the ampli-
tude thereof reaches a predetermined value to limit said
amplitude, and integrating means for providing a third
wave the instantancous rate of change in amplitude of
which corresponds to the amplitude of said clipped sec-
ond wave.]

11. In a modulating system in which the deviation of
the carrier wave depends upon the fréquency of the mod-
ulating signal wave and in which it is desired to transmit
a modulating signal wave extending between a first fre-
quency and a second higher frequency, means for pre-
venting over-modulation of said carrier wave comprising
a circuit for differentiating said signal wave for all fre-
quencies under [a predetermined value} the second fre-
quency and having substantially no effect on frequencies
above the second frequency, a pair of diodes biased to
clip the positive and negative portions of said differen-
tiated wave at a predetermined level, and a circuit for
integrating said clipped wave for all frequencies above
above [a second predetermined value] the first frequency
and having substantially no effect on frequencies below
the first frequency, said first and second frequencies de-
fining the boundaries of the frequency band of the mod-
ulating signal applied to the carrier wave. :

12. In a modulating system in which the deviation of
the carrier wave depends upon the frequency of the
modulating signal wave, means for preventing over-mod-
ulation of said carrier wave comprising a circuit for dif-
ferentiating said signal wave for all frequencies below
a first predetermined value but not substantially for fre-
quencies above said first predetermined value, means for
symmetrically clipping the peaks of said second wave at
a predetermined level to limit the amplitude thereof, a
circuit for integrating said clipped wave for all frequen-
cies above a second predetermined value [whereby] but
not substantially for frequencies below said second pre-
determined value, whereby said first and second values
define the boundaries of the frequency band of the mod-
ulating signal wave applied to the carrier wave and said
integrated wave is substantially identical to said modu-
lating wave for frequencies between said first and second
predetermined values, and frequencies outside said pre-
determined values are substantially attenuated.

13. In a modulating system in which the deviation
of the carrier wave depends upon the amplitude and
frequency of the modulating signal wave, means for pre-
venting over-modulation of said carrier wave without
substantially distorting signals between the irequency
range of 50 and 3000 cycles per second comprising a
circuit for differentiating said signal wave for all fre-
quencies below 3000 cycles per second but not substan-
tially for frequencies above 3,000 cycles per second,
means for symmetrically clipping the peaks of said dif-
ferentiated wave at a predetermined level to limit the
amplitude thereof, a circuit for integrating said clipped
wave for all frequencies above 50 cycles per second
[wherebyl but not substantially for frequencies below
50 cycles per second, whereby the modulating signal
wave extending in.the frequency band between 50 and
3,000 cycles per second is applied to the carrier wave
and said integrated wave is substantially identical to said
signal wave for frequencies between 50 and 3000 cycles
and frequencies outside this range are substantiaily at-
tenuated.

[14. In a modulating system in which a carrier wave
is modulated by a source of low frequency signals in-
cluding components of various frequencies, and in which
the deviation of the carrier wave depends upon the
amplitude and frequency of the modulating signal wave,
a unitary system for preventing over-modulation of said
carrier wave including a circuit for differentiating said
modulating signal wave, a pair of diodes biased to clip
the positive and negative portions of said- differentiated
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wave at a predetermined level, and a circuit for inte-
grating said clipped wave.])

15. In a modulating system in which the deviation of
the carrier wave depends upon the frequency of the
modulating signal, the method of moedifying the modulat-
ing signal to prevent over-modulation of the carrier wave
which comprises the steps of, producing a wave from
said modulating signal having an amplitude which varies
in accordance with the rate of change of the voltage of -
said modulating signal for all frequencies below a first
frequency but not substantially for frequencies above
said first frequency, limiting the amplitude of said pro-
duced wave, and producing a signal the voltage of which
changes at a rate corresponding to the amplitude. of said
limited wave for all frequencies above a second frequency
but not substantially for frequencies below said second
frequency, said second frequency being lower than said
first frequency and said first and second frequencies de-
fining the boundaries of the frequency band of the mod-
ulating signal applied to the carrier wave.

L[16. In a modulating system in which the deviation
of the carrier wave depends upon the frequency of the
modulating signal, the method of modifying the modulat-
ing signal to prevent over-modulation of said carrier
wave which includes the steps of, converting said mod-
ulating signal to a wave having an amplitude which varies
in accordance with the rate of change of the voltage of
said modulating signal including differentiating said mod-
ulating signal at least once, symmetrically clipping the
produced wave with respect to the axis thereof, and con-
verting the clipped wave to a wave the voltage of which
changes at a rate corresponding to the amplitude of
said limited wave including integrating said clipped wave
at least once.]

17. In a modulating system in which the deviation of
the carrier wave depends upon the frequency of the
modulating signal wave, apparatus for preventing over-
modulation of the carrier wave including in combina-
tion, means for converting said modulating signal wave
into a second wave having an amplitude varying in ac-
cordance with the rate of change of the voltage of said
modulating signal wave for all frequencies below a first
frequency but not substantially for frequencies above
said first frequency, means for limiting the amplitude
of said second wave to a predetermined level, and means
for producing a wave changing in voltage at a rate cor-
responding to the amplitude of said limited wave for all
frequencies above a second frequency but not substan-
tially for frequencies below said second frequency, said
second frequency being lower than said first frequency
and said first and second frequencies defining the bound-
aries of the frequency band of the modulating signal
applied to the carrier wave.

[18. In a phase modulating system in which the de-
viation of the carrier wave depends upon the ampli-
tude and frequency of the modulating signal wave, appa-
ratus for preventing over-modulation of the carrier wave
including in combination, means for converting said mod-
ulating signal wave into a second wave having an ampli-
tude varying in accordance with the rate of change of
the voltage of said modulating signal wave, means in-
cluding a pair of diodes for symmetrically limiting the
amplitude of said second wave to a predetermined level
with respect to the axis thereof, and means for produc-
ing a wave changing in voltage at a rate corresponding
to the amplitude of said limited signal wave.}

L19. In a modulating system in which the deviation of
the carrier wave depends upon the frequency of the
modulating signal wave, means for preventing over-mod-
ulation of the carrier wave including in combination,
input circuit means for producing a second signal wave
from said modulating signal wave including at least one
stage of differentiation, rectifier means for clipping said
second signal wave when the amplitude thereof reaches
a predetermined value, and output circuit means for pro-
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viding an output wave from said clipped wave includ-
ing at least one stage of integration.}

20. In a phase modulation system, the method of mod-
ulating a carrier wave so that the deviation of the wave
produced by modulating signals of varying amplitude
and frequency is held within prescribed limits, and so
that modulating signals extending from a first frequency
to a second higher frequency are effectively transmitted,
said method including the steps of, producing a modulat-
ing signal, differentiating the modulating signals at fre-
quencies below the second frequency but not substan-
tially at frequencies above the second frequency to pro-
duce a wave having an amplitude which varies with the
rate of change of the amplitude of the modulating signals
for frequencies below the second frequency, symmetri-
cally limiting the amplitude of the positive and negative
peaks of the differentiated wave at a predetermined value
with respect to the axis thereof, integrating the limited
wave at frequencies above the first frequency but not sub-
stantially at frequencies below the first frequency to pro-
duce a wave changing in amplitude at a rate correspond-
ing to the amplitude of said limited wave for frequencies
above the first frequency, whereby the integrated wave
substantially corresponds to the modulating signals for
frequencies in the range between the first and second fre-
quencies and is substantially attenuated for frequencies
outside such range, producing a carrier wave, and phase
modulating said carrier wave by said integrated wave to
produce deviation thereof varying with the frequency
and amplitude of said integrated wave, whereby the de-
viation of the phase modulated .carrier wave is limited to
a value related to said predetermined value.

21. A phase modulation system for producing a car-
rier wave phase modulated by modulating signals which
vary in frequency and amplitude, and in which modulat-
ing signals extending in a range between first and second
frequencies are transmitted and the deviation of the mod-
ulated carrier wave is held within prescribed limits, said
system including in combination, means for providing a
carrier wave, means for providing a modulating signal,
means for phase modulating the carrier wave so that
the deviation thereof varies in accordance with the
amplitude and frequency of the signal applied thereto,
differentiating means for differentiating signals of fre-
quencies below the second frequency, means for ap-
plying the modulating signal to said differentiating
means for producing a signal wave the amplitude of
which varies with the rate of change of the amplitude of
the modulating signal for frequencies below the second
frequency, limiting means connected to said differentiat-
ing means for limiting the amplitude of the positive and
negative peaks of the differentiated wave to a particular
value with respect to the axis thereof, integrating means
for integrating signals of frequencies above the first fre-
quency, said integrating means being connected to said

20

30

35

40

50

55

10

limiting means for producing a wave changing in am-
plitude at a rate corresponding to the amplitude of said
limited wave, whereby the integrated wave substantially
corresponds to the modulating signals for frequencies in
the range between the first and second frequencies and
is substantially attenuated for frequencies outside such
range and means for applying the integrated wave to said
phase modulating means so that the modulated carrier
wave produced thereby is held within the prescribed lim-
its by the limiting of said differentiated wave to said par-
ticular value.

22. A phase modulation system for producing a car-
rier wave modulated by a modulating signal varying in
frequency and amplitude and in which the deviation of
the carrier wave is held within prescribed limits, said sys-
tem including in combination, means for phase modulat-
ing a carrier wave so that the deviation thereof varies in
accordance with the amplitude and frequency of the sig-
nal applied thereto, differentiating means for producing
a first signal wave having an amplitude which varies with
the amplitude and frequency of the signal applied there-
to, means for applying modulating signals to said differ-
entiating means, limiting means connected to said dif-
ferentiating means for limiting the amplitude of the posi-
tive and negative peaks of said first signal wave to a par-
ticular value with respect to the axis thereof to thereby
provide a second signal wave, integrating means connect-
ed to said limiting means for producing a third signal
wave having a wave form which corresponds to that of
the applied modulating signal when the applied modulat-
ing signal produces a first signal wave below said prede-
termined value, and means for applying said third signal
wave to said phase modulating means so that the modu-
lated carrier wave produced thereby is held within the
prescribed limits by the limiting of said first signal wave
to said particular value.
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