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AUDIO MODULATOR

Ernest J. Timperman, Cincinnati, Ohio, assignor to The
Baldwin Piano Company, Cincinnati, Ohio, a corpora-
tion of Ohio

. Application December 31, 1956, Serial No. 631,883
22 Claims. (ClL 332—68)

This invention is an improvement of an invention dis-
closed in an application for United States patent which is
filed concurrently herewith, Serial No. 631,650, filed
December 31,1956, in the name of William C. Wayne,
entitled Audio Modulation System, assigned to the same
assignee as is the present application.

The present invention relates generally to systems for
achieving ensemble effect in music by processing a band
of audio frequencies subsisting in'a communication chan-
nel, by translating the frequency spectrum so that it is
either sharp or flat in controllable degree over its en-
tire extent, or is in part flat and in part sharp, and to
frequency shift circuits useful in such systems. A fre-
quency spectrum processed in accordance with the in-
vention may be audibly combined with the frequency
spectrum as it existed prior to processing, as by transduc-
ing the processed and unprocessed spectra in, preferably,
space separated loud-speaker systems, to provide desirable
musical effects.

It is not sufficient, however, to shift the frequencies
of an audio band identically, ie., by the same shift fre-
quency, for the purposes of the present invention, but
rather the frequency shift must be different for different
portions or sub-bands of the audio frequency spectrum,
and specifically the higher audio frequencies must be
shifted in greater degree than are the lower audio fre-
quencies. The reason is that it is desired to generate
a subjectively differentiable spectrum, by processing an
originally available spectrum. In accordance with the
Present invention, the audio band which is to be processed
is frequency shifted by different amounts, in separate
frequency-shift modulators. Sub-bands are then selected
from the frequency shifted audio bands, such that each
selected sub-band has a desired bercentage frequency
shift. The percentage frequency shift may be equal for
all the sub-bands, although this is not essential, and it

-is advantageous and economical to select the sub-bands

each to be approximately ome octave in extent. How-

ever, the percentage frequency deviation selected may
differ for the several sub-bands, and one or more, or
all the sub-bands may extend for more or less than an
octave.

While the above-identified Wayne application for Audio
Modulation Systems relates generally to the same sub-
ject matter as does the present invention, the present ap-
plication discloses and relates to improvements in cir-
cuitry over the system disclosed in the Wayne applica-
tion, as well as to system improvements which lead to

" differences in character of the processed frequency spec-
- trum produced by the system.

The traditional pipe organ consists of many ranks of
pipes which are somewhat out of tune. Certain ranks
“of pipes, referred to as celestes, are purposely detuned
by 'a considerable amount to produce a rich ensemble
effect-in the composite tone, which is especially desirable
“for use in ecclesiastical music. It is one function of sys-
tems according to the present invention to provide for
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electrically processing a musical spectrum, from what-
ever source that spectrum may be derived, so as to
achieve a processed frequency spectrum which simulates
the ensemble effect of pipe organs, and more particularly
the celeste effect, but which is more flexible in respect to
the variety of ensemble effects made available than is
the traditional pipe organ.

According to the general principles of the present in-
vention, as related to a specific embodiment thereof, in
order to derive a plurality of frequency shifted spectra
having different shifts, a plurality of wide-band single
side-band frequency shift modulators is employed, each
of which continuously shifts the phase of a wide-band
audio spectrum in such sense as to introduce a desired
phase shift of the entire frequency spectrum continuous-
ly in a given direction. This continuously changing
phase shift is equivalent to a frequency shift of the en-
tire spectrum, and the direction of shift may be either flat
or sharp, i.e., negative or positive in accordance with the
algebraic sign of the rate of change of phase shift, i.e.,
if phase shift is continually decreasing, or increasing in
a negative sense, a frequency shift in a negative direction
results, while for continually increasing phase shift, or
for phase shift occurring in a positive sense, the frequency
shift is positive,

In order to accomplish an objective of the invention,
i.e., to produce a continuous phase shift, in one direction
or another, of an entire audio frequency spectrum, the
spectrum is divided into three separate spectra, which are
identical except in respect to phase. The phases of the
several spectra are, in accordance with the specific em-
bodiment of the invention herein described, separated by
120°. The principles of the invention are such that other
equally spaced phase separations may be employed.
However, separations of 120° between corresponding
frequencies of the several spectra is particularly con-
venient because this is the smallest number of duplicate
spectra which may be employed, i.e., involves the greatest
phase separation between adjacent phases, of which the
principles of the invention admit,

In the practice of the invention, and discussing the in-
ve{ltion as employing three-phase modulation, it is re-
quired to modulate the amplitudes of the three-phases of
an audio frequency spectrum in proper phase sequence,
In response to three phases of a sub-audio modulating
signal, such that an effective frequency shift of the audio
frequency spectrum is accomplished equal to the frequency
of the modulating signal, This is accomplished in accord-
ance with the present invention, in a three phase oscil-
lator-modulator which is particularly economical and
readily constructed, To that end the oscillator-modula-
tor employs one tube per phase, that tube being employed
botl} as an amplitude modulator for one phase of the
audio Spectra and also as a component of the oscillator.

Yarlous problems exist in accomplishing frequency
§h1ft in accordance with the principles of the present
1nve1.1tion, particularly when it is sought to apply the in-
vention to equipment fabricated on a mass production
pasis. These problems are in part involved in the correla-
tion of sources of phase shifted audio spectra with any
one sub-audible oscillator-modulator, but also derive from
the fact that common sources of phase separated audio
Spectra must be commonly coupled to a plurality of oscil-
lator modulators, each of which oscillates at a different
sub-audible frequency, so that inter-coupling between
the oscillator-modulators by way of the channels carrying
the phase separated audio signals must be avoided. )

The necessity for a plurality of sub-audio oscillator-
modulators derives, as has been hereinabove explained,
from a requirement that adjacent octaves or other sub-
bands of the original frequency band be shifted in op-
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posite directions frequencywise, and by a further re-
quirement that there obtain at least approximately a
constant percentage frequency deviation for the several
shifted frequencies, in certain applications of the inven-
tion. This implies that the audio octaves of lower fre-
.quency require a smaller shift, and accordingly must be
processed in an oscillator-modulator of lower modulation
frequency thaa is true of octaves of higher frequency.
In accordance with the present invention, in the specific
embodiment herein itlustrated and described, the three
phase-separated audio bands are frequency shifted in four
frequency-shift channels, each of which includes a three-
‘phase oscillator-modulator, alternate ones of the oscilla-
‘tor-modulators "being arranged to produce frequency
shifts in opposite sense. From the outputs of the sev-
“eral oscillator-modulators are selected these octaval sub-
‘bands which have the desired frequency deviations, and
in the particular embodiment herein comsidered the se-
fected octaval sub-bands so derived are centered on the
‘frequencies 375 c.p.s., 750 c.p.s., 1500 c.ps. and 3000
c.p.s., and the frequency shifts are 41 c.p.s.,, —2 c.ps.,
+4 c.p.s. and —8 c.p.s, respectively.

* Several specific features contribute in preponderant ex-
tent to the efficiency and reproducibility of the present
system. ~Audio frequency signal is derived at three chan-
nels from cathode-follower circuits, so that the audio fre-
quency voltage is supplied to the several oscillator-modu-
lators from sources of low impedance. The oscillator-
modulator stages are driven by the andio frequency spec-
tra at their cathode circuits, which comnstitute Ioads which
are of relatively low resistance. A D.C. coupling net-
work is established between a cathode of an audio chan-
nel and a cathode of an oscillator-modulator stage, in
which is included. an isolating resistance which is high
with respect to both the output impedance of the cath-
ode follower and the cathode resistance of an oscillator-
modulator.

Cathode circuits of corresponding location in the sev-
eral oscillators are D.C. coupled with a single source of
audio spectrum, according to the present invention, but
each such cathode is decoupled from the others by the
presence of the isolating resistances used to couple be-
tween the cathode of an audio source and the cathode of
an oscillator-modulator stage. In traversing a path from
the cathode of one oscillator-modulator stage to the cath-
ode of another oscillator-modulator stage, two cf the
isolating resistances are traversed, and in view of the
relative resistance values of the isolating resistors as
against the resistance values of the cathode resistors,
isolation of the order of 80 db is achieved, without re-
quiring complex circuiiry and without the circuit dif-
ficulties which might be introduced were coupling con-
densers resorted to.

Oscillator-modulators of the ring type, having RC
phase-shift circuits between stages, are employed. Each
of the stages of any given oscillator-modulator operates
to amplitude modulate one audio frequency band, phase
separated from the remaining audio frequency bands.
Each stage of the oscillator-modulator employs its own
unby-passed cathode resistor, according to the invention,
which is employed to couple audio signal into the oscil-
lator-modulator. There is thus provided for each of the
oscillator-modulator tubes an individual and independent
cathode or negative feedback impedance, which stabilizes
the operation of the particular tube, and which makes it
unnecessary to select tubes for the oscillator-modulator.
While employment of negative feedback is in broad prin-
ciple well known in the art, in accordance with the pres-
ent invention the cathode resistances perform dual func-
tions, i.e., they are utilized as input resistances for the
separate oscillator-modulator stages and also serve to
stabilize each of the several stages independently of the
‘others.” T o
" Still further, however, a component of bias voltage for
each tube of the oscillator-modulator is developed across
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its own cathode resistance, while by reason of the D.C.
coupling between the cathode of each oscillator stage
and a cathode of an audio output stage, the D.C, cath-
ods voltage of the audio stage is transferred in part to
the cathode circuit of the oscillator stage, and assists in
maintaining its bias at a positive value with respect to
ground, so that the grid voltages of the oscillator stages,
which are inter-coupled within the oscillator in part by
means of conventional capacitor and grid leak combina-
tions, can never be positive with respect to the cathode
before oscillation commences in the oscillator-modulator.
Each stage of the oscillator is, accordingly, provided with
bias by a combination of voltages available across a grid
leak and across a cathode resistance, and cathode bias
voltage otherwise developed across cach oscillator stage
is supplemented by a component of cathode bias voltage
derived from the cathode circuit of an audio signal stage.

In the above-identified application filed in the name of
Wayne, and entitled Audio Modulation System, desired
subbands are filtered from the several frequency shifted
wide audio bands by means of band-pass filters which
have relatively sharp cut-off regions. In accordance with
the present invention, and in distinction to the Wayne
disclosure, the band-pass filters employed to separate out
the desired sub-bands from the several frequency shifted
wide audio bands have gradually sloping sides, and the
selectivity characteristics of filters which pass adjacent
sub-bands are arranged to cross at points about 2 db
down from the peak response. It follows that a large
proportion of the wide audio frequency band is passed
to the output channel of the system by two, or even more,
of the band-pass filters. Any given audio frequency in
the original audio spectrum suffers different frequency
shifts prior to application to the input circuits of the
several filters. Multiple responses of different frequency
separation from the original frequency, are thus passed
to the output channel, which may have high relative am-
plitudes. Moreover, the band-pass filters introduce phase
shifts at the skirts thereof, so that the signals in the out-
put channel, deriving from a given frequency in the orig-
inal audio band are randomized in respect to relative am-
plitndes and relative phases for the several frequency
shifts which occur.

It is, accordingly, a broad object of the present in-
vention to provide a system for producing frequency
shifts of a wide audio frequency band by means of cir-
cuitry which is readily reproducible on a mass produc-
tion basis, without requiring component or tube selection.

1t is another object of the present invention to provide
a simple oscillator-modulator cf the ring type, in which
the signal to be modulated may be inserted at the cath-
odes of the tubes constituting the stages of the oscillator-
modulator.

A further object of the present invention resides in the
provision of a novel oscillator of the ring type, employ-
ing phase shift circuits between stages, in which each
stage is individually biased by voltage developed in its
cathode circuit, as well as by means of a grid leak.

Still another object of the invention resides in the
provision of a system for coupling modulator signal to a
plurality of oscillator-modulators in parallel, while pro-
viding isolation between the oscillator-modulators, the
isolation and coupling networks consisting of simple
resistance combinations.

A further object of the invention resides in the provi-
sion of a system for supplying a signal to a modulator
tube by means of a connection between the cathode of
the modulator signal source and the cathode of the mod-
ulator tube.

A further object of the invention resides in the provi-
sion of a system for supplying modulator signal from a
vacuum tube source to a modulator stage which com-
prises a vacuum fube, by means of a D.C. circuit employ-
ing no coupling capacitors, to provide an extremely wide
‘band response and zero phase shifts. .
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As a further feature of the invention, portions of the
audio frequency spectrum which have been subjected
simultaneously to plural frequency shifts, in opposite
senses, are selected by employing band filters, for the sev-
eral octaval sub-bands, which have extensive overlaps.

The above and still further features, objects and ad-
vantages of the present invention will become apparent
upon consideration of the following detailed description
of a specific embodiment of the invention, especially
when taken in conjunction with the accompanying draw-
ings, wherein:

Figure 1 is a circuit diagram of the invention, partly
in schematic form, and partly in block diagram form;

Figure 2 is a phasor diagram employed in explaining
the operation of the system of Figure 1; and

Figure 3 is a frequency response curve for certain band
selector filters employed in the practice of the invention.

Referring now more particularly to the accompanying
drawings, the reference numeral 1¢ denotes a source of
an audio frequency spectrum, which may derive from an
electronic organ or from a movie sound track or other re-
producer of recorded music, or from any other source of
sound or music known to the art. The audio frequency
* spectrum supplied by the source 10 is passed through a

120° phase-splitter 11, which may be constituted of any
suitable circuit capable of providing at output terminals
12 and 13 audio frequency spectra which duplicate the
spectrum provided by the source 10 in respect to at least
that portion of the frequency spectrum which is of in-
terest in the present system, so that the total phase dif-
ference between any common frequency at the terminals
- 12 and 13 equals 120°. In general, for the purposes of
the present system, it is not essential that the 120° phase-
splitter 11 be capable of accomplishing these specified
phase shifts over the entire audio frequency spectrum
supplied by the source 10, since in processing music ac-
cording to the present invention, it is not normally essen-
tial to process either extremely low frequencies or ex-
tremely high frequencies within the audio band, and this
consideration makes possible a simpler design and less
stringent requirements for the phase-splitter 11, as well
as for other elements of the system, than would other-
wise be the case. More specifically, as will appear as
the description proceeds, it is desired in a specific em-
bodiment of the present invention to process four octaves
of the musical spectrum only, those four octaves being
the octaves centered on 375 c.ps., 750 c.p.s.,, 1500 c.p.s.,
and 3000 c.p.s. It is to be understood, however, that
the invention is not limited to the specific octaves speci-
fied, nor to the specific number of octaves specified, but
it may be understood that if the specified octaves are
processed desirable musical effects will be accomplished.
The parallel resistance 14 and capacitor 15, and the par-
allel resistance 16 and capacitor 17, constitute terminat-
ing impedances for the phase-splitter 11, and the junc-
tion point of the resistances 14, 16 is located at reference
or ground potential. The voltage developed across the
resistance 14 is transferred to the grid 17 of tricde 18
via a conventional RC coupling network consisting of a
series capacitor 19 and a grid bias resistance 20. The
triode 18 is connected in a plate loaded configuration, in-
cluding an unby-passed cathode resistance 21, Similarly
a coupling capacitor 22 and a grid lead resistance 23 are
connected in conventional fashion across the resistance
16 and supply signal to the grid 24 of a triode 25. The
latter is connected in plate loaded configuration and in-
cludes an unby-passed cathode resistance 26. Triode 18
is plate loaded by a resistance 30, and supplied with plate
voltage from a B-- source represented as a terminal 31.
Similarly the triode 25 is plate loaded by a resistance 32
and is supplied with plate voltage from a B~ terminal
33. It will be realized that the terminals 31 and 33 may
be supplied from a common source, as is usual in elec-
_tronic circuit design. The triodes 25 and 18 provide a
gain at their anodes, which are connected by means of
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leads 35 and 36, respectively, and through blocking ca-
pacitors 37 and 38 and isolating resistance 39 and 40,
respectively to a common load resistance 49, at terminal
41, the other end of the resistance 49 being grounded.
The resistances 39 and 40 are selected to have sufficiently
high values that interchange of signals between the
anodes of the triodes 18 and 25 is minimized, and the
presence of the triodes in the coupling circuits assures
isolation between the halves of the lattice network which
is in fact employed as a 120° phase-splitter 11 in a spe-
cific embodiment of the invention, as more specifically de-
scribed in Wayne, Audio Modulating System, above
referred to. The terminal 41 is connected in series with
a coupling capacitor 42 and a grid leak resistance 43
which constitute the input circuit of the triode 44. The
triode 44 is plate loaded by a resistance 45 and supplied
with plate voltage from a B~ terminal 46. The triode
44 includes a cathode circuit consisting of an unby-
passed resistance 48 which is returned to ground.

It will be recalled that the signal at the terminals 12
and 13 are, for any single frequency separated in phase
by 120°, as indicated in Figure 2 of the accompanying
drawings by the phasors A and B. (Corresponding
reference letters in Figure 1 show where phasors are
located.) The sum of the phasors A and B would then
be a phasor C, and would have a phase intermediate
that of the phasors A and B. Plate loaded triodes 18
and 25 serve to reverse the phases of the inputs applied
thereto, so that at the anodes of these tubes are the
phasors A’ and B’, respectively, rather than the phasors
A and B. The sum of the latter is then the inverse of
the phasor C, ie., is displaced with respect to the latter
by 180° and is illustrated at D. It is this sum (ie.,
phasor D) which is developed across the grid leak re-
sistance 43 of the triode 44. The triode 44 introduces
It follows that at the
anodes of the triodes 18 and 25, and at the anode of
the triode 44 appear three voltages, one for each triode,
which are displaced in phase by 120°, and correspond
with A’, B’, C.

The signal available at the anode of the triode 18 is
coupled to the control grid of a further triode 50, by
means of a conventional RC coupling network consisting
of capacitor 51 and grid leak resistance 52. Similarly
the signal available at the anode of the triode 25 is
coupled to the grid of a triode 54 by means of a con-
ventional RC coupling network consisting of a capacitor
55 and a grid leak resistance 56. The signal available
at the anodes of the triode 44 is likewise transferred
to the grid of a triode 57 via a conventional RC coupling
network consisting of a capacitor 58 and a grid leak
resistance 59. The triodes 50, 54, and 57 are connected
in cathode follower configuration, including two cathode
resistors in each case, conmected in series. Since the
cathode arrangements for the several triodes 50, 54 and
57 are identical, the description will be restricted to the
cathode circuits for the triode 50, which consists of re-
sistances 60 and 61.

The grid leak 52 returns to the junction of the cathode
resistances 60 and 61. Resistance 60 is small relative
to the resistance 61, by a factor of approximately 10 to 1.
Resistance 60, being common to the grid circuit of the
triode 50, serves to develop bias for the cathode follower.
The series combination of resistances 60 and 61 serves
as a partial output load resistance for the triode 59, The

 circuits of triode 56, 54 and 57 do not introduce phase

reversals, and accordingly there is available at the ter-

" minals 65, 66 and 67 the separate phases of a three-phase

replica of that portion of the audio signal which has been
transferred by the several coupling components existent
between the audio spectrum source 10 and the terminals

65, 66 and 67.

The terminals 65, 66, and 67 constitute connections to
a set of three leads or buses 68, 69 and 70, to which are
connected an array of oscillator modulators 71, 72, 713
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and 74. The several oscillators are generally similar in
configuration and in theory of operation, but oscillate
éach at a different sub-audio frequency. 1t follows that
the circuit components for the several oscillators will not
be identical, but will be suitable for the frequencies
required to be generated. Wevertheless in view of the
similarity of the oscillators, specific description will be
restricted to ome of these, i.e., 7%, and the remaining
oscillators are illustrated in bleck form.

Tt has been previously explained that a relatively wide
audic band is supplied to a plurality of oscillator modu~
lators in parallel and that from the output-of each oscil-
lator modulator is selected approximately 1 octave of
the original band. Seleciion is accomplished by means
of filters, which may be of particularly simple character
and in fact may consist essentially of a parallel tuned
circuit. The filters are designed, in accordance with
one feature of the present invention, so that’ their peaks
fall on the center of the sclected octaves, while their
skirts taper gradually. The cross-over points for adja-
cent filters may occur approximately 2 db down from
the peaks, and accordingly the filter for any given band
passes frequencies from an adjacent octave in consider-
able amplitude and in fact may pass appreciable signal
from an octave twice removed. It follows that certain
componenis of frequency of the original audio band are
modulated with more than a single frequency shift, and
accordingly with more than a single percentage deviation.
This mode of operating has been found to be advantage-
ous in producing enhanced tones, since the result of the
multiple treatment of any single frequency results in
more or less random phase shifts and amplitude changes,
which are analogous to chorus or ensemble effects in
pipe orgamns.

Proceeding now more specifically to describe the phase
shift oscillator of the invention, and confining the dis-
cussion to a three-phase oscillator-modulator, with the
realization in view that the principles of the invention
may be extended to two-phase oscillator-modulators or
to oscillator-modulators having more. than three phases,
each phase includes a single tricde, the triodes being
denoted by the reference numerals 75, 76 and 77. The
triodes 78, 76 and ‘77 have separate anode loads, which
are identified by the reference numerals 78, 79 and 89,
respectively, and also a common load resistance, 81,
connected between a B-- terminal 82 and the several
resistances 78, 79 and 80 in parallel. Resistance 81,
accordingly, provides a common output load for the
three triodes, and to the junction of resistance 81 with
resistances 78, 79, and €6 is connected a band-pass filter
82, the output of which is applied to a lead 83. The
several oscillators 72, 73 and 74 likewise develop output
signal, via separate band-pass filters 85, 86 and 87 re-
spectively, the outputs of all of the latter being connected
in parallel to the lead 83. The band-pass filters 82, 85,
§6 and 87 have, tespectively, center frequencies of 375
c.p.s., 750 cps., 1500 cps, and 3000 c.p.s., and have
the band-pass characteristics indicated in approximate
form in Figure 3 of the accompanying drawings, where
the peaks of the several filter characteristics occur at
the centers of the octaval band passed by the filters, and
wherein the skirts of the several filters overlap exten-
sively. In a preferred embodiment of the invention,
cross-over points accur 2 db down from the peaks of
the filiers. The particular advantage in systems for proc-
essing musical tones or spectra, which is possessed by
the filter arrangement hercinabove described has been
briefly indicated.

The triode 75 is coupled at its anode to the control
grid of the triode 76 by means of a phase shift network
consisting of a series resistance 98 and a capacitor 91, one
end of which is grounded. Across the capacitor 91 is
connected a series combination of a capacitor 94 and a
grid leak 95, and the grid .of the triode ‘76 is connected
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to the above-ground end of the grid leak resistance 95,
in conventional fashion. The grid leak resistance 95
has a high ohmic resistance in comparison with the re-
sistance ‘89 of the phase-shift circuit, so that the grid
teak circuit will not of itself introduce appreciable phase
shift, and the configuration of the circuit is such that
the grid leak circuit, insofar as it introduces any phase
shift at ail, introduces a phase shift in opposite sense to
that of the phase shift circuit consisting of resistance 90
and capacitor 91. Identical phase shift circuits are
utilized to intercouple the three stages of the oscillator
in ring fashion, and accordingly further discussion of the
interstage coupling networks is dispensed with.

The several oscillator-modulators 72, 73 and 74 have
been illusirated as wired to have the same internal phase
sequence as does the oscillator-modulator 71. The con-
nection between the buses or leads 68, 69 and 79 is the
same for oscillator-modulators 71 and 73, but in reverse
phase sequence for oscillator-modulators 72 and 74. Ac-
cordingly, the direction of frequency shift produced by
the modulator 71 and by the modulator 73 is in the same
sense, i.e., positive, while the frequency shift produced
by the oscillator 72 and 74 is in the opposite sense,
i.e., negative. Frequency of oscillation of the oscillator
71 may be selected to have a value of 1 c.p.s., while the
oscillators 72, 73 and 74 may have frequencies of oscil-
lation respectively equal to 2, 4 and 8 c.p.s.

There is, accordingly, provided on the lead 83 a proc-
essed audio spectrura, consisting of a frequency shifted
duplicate of the unprocessed spectrum, the frequency
shift having approximately a constant percentage value.

The effect of the system on a single tone, made up of
a fundamental and harmonics, is instructive. We may
assume that the fundamental frequency of the unproc-
essed tone is 375 c.p.s. The fundamenta! frequency of
the processed tone is 376 c.p.s., of the first harmonic is
748 c.p.s., of the third harmonic is 1129 c.p.s., and of the
fourth harmonic is 1492 c.p.s.  There is thus introduced
an inharmonicity of tonal content, which may have been
absent in the original umprocessed tone, and which is
musically interesting.

The effect is accentuated by the filters 82, 853, 86, 87,
which have overlapping pass-bands. For example, the
flter 85 passes not only the frequency 748 c.p.s., in the
above example, but also in reduced amplitude the fre-
quency 373 c.p.s., L.e., an original 375 c.p.s., component
reduced in frequency by 2 c.p.s. The filter 86, more-
over, may pass in some degree 379 c.p.s., ie., 375
c.ps.+4 cps.

Accordingly, the employment of filters 82, 85, 86, 87,
having considerable overlap contributes materially to
musical interest. It also is the case that the desired
filter characteristics are readily obtained by employing
a simple LC filter, which contributes (o economy of
manufacture of systems according to the invention.

A further advantage of the particular pass-band ar-
rangements employed is that different tonal components
are differently treated by the system. So, a tomal com-
ponent frequency falling mid-way between the peaks of
two filiers is passed in equal amplitude through both,
while a tonal compornent which falls elsewhere in the
filter response curves is passed in unequal amplitudes
through both filters. This property of the system imparts
a certain desirable randomness to the processed tone.

The triode 75 includes a cathode resistance 199, and
the cathodes of triodes 75 and 5¢ are D.C. coupled
through & high isolating resistance 181. Similasly, the
triode 76 includes a cathode resistance 162, and the triode
77 a cathode resistance 183. The cathodes of triodes
76 and 54 are D.C. coupled through a large isolating
resistance 184, the cathodes of triodes 77 and 57 through
a large isolating resistance 103, Similar coupling devices
are employed for the several oscillator-modulators 72,
73 and 74.
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It follows that isolation exists between any pair of
oscillator-modulator stages, having the same position in
the phase sequence of the audio signal, and therefore
connected commonly to a single one of triodes 50, 54,
57. The path from one cathode to the other passes
through two isolating resistances, and by selecting the
isolating resistances to have sufficiently high value rela-
tive to the cathode load resistances employed for the
stages of the oscillator-modulators, 80 db of isolation
may be readily obtained.

The fact that each of triodes 75, 76 and 77 employs
a separate cathode load implies that the bias on any one
tube is not affected by the gain or other operating
parameter of another of the tubes. The cathode loads
serve to stabilize the stages individually, as well as to
serve as input circuits and assure that no one of the tubes
will be subjected to high grid current flow due to the
characteristics of the grid leak and capacitor interstage
coupling circuits. Moreover, the positive D.C. poten-
tials developed at the cathodes of the audio output triodes,
as 50, 54, 57, is in part transferred to the cathodes of the
oscillator-modulator stages, assisting in reducing the pos-
sibility of grid current flow in the latter. :

Stability and reproducibility of the ocillator-modulator
stages is particularly important in frequency shift sys-
tems, since the theory of operation of such systems re-
quires that each stage of the oscillator-modulator vary
its audio frequency output from unmodulated value, to
zero, and then to twice unmodulated value, in s.quence.
Should the stages cut-off, or distort in any way, there
will be generated frequencies other than those desi. d,
or the processed spectrum will be amplitude modulated
at the sub-audible moduls‘ng frequencies. The audio
signals as modulated appear in different phase at the
anodes of the several stages of the oscillator-modulator.
It is, therefore, required that the several stages, at their
anodes be isolated from one another for audio frequen-
cies above the respective modulating frequency. To this
end the audio channels between the triodes of the oscilla-
tor-modulators may be so designed that the audio fre-
quencies, falling in the octave centered on the band-pass
frequency, are radically attenuated. Isolation between
stages of the oscillator-modulators is then accomplished
by design of suitable low-pass phase shift and coupling
networks within the oscillator-modulators, Discussing a
typical stage, the capacitor 91 is made relatively large
and the resistance 90 an appropriate value. Thus, little
audio signal appears across capacitor 91, but the ampli-
tude of the sub-audio signal so appearing is relatively
large. The capacitor 94 and the grid leak 95 are de-
sizned conventionally, to pass the sub-audio frequency
© with little phase shift, and hence do not materially affect
the amplitudes of the sub-audio frequencies. It is, then,
the sub-audio low-pass RC phase-shift circuits which are
required to provides audio-frequency isolation between
stages of the ocillator-modulators, and the RC phase
s %t circuits accordingly perform a double function, ie.,
they introduce an accurate phase shift at the sub-audio
modulating frequency and introduce interstage isolation
of perhaps 50 to 60 db between stages of the oscillator-
modulator for audio frequencies.

It will be clear that the separate oscillator-modulator
stages will require different design parameters, in respect
particularly to RC phase shift networks, since the oscilla-
tion frequencies are different radically (on a percentage

basis) for the several oscillator-modulators,
~ V/hile T have described and illustrated one specific
embodiment of my invention, it will be clear that varia-
tions of the general arrangement and of the details of
coustruction which are specifically illustrated and de-
scribed may be resorted to without departing from the
true spirit- and scope of the invention as defined in the
appended claims.

What I claim is: :

1. An oscillator-modulator, comprising an n-phase
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10
ring oscillator, each phase of said ring oscillator com-
prising a vacuum tube having an anode, a cathode and
a control electrode, a cathode resistance in the cathode
circuit of each of said vacuum tubes, and means for
applying individual phases of an n-phase signal to in-
dividual ones of said cathodes.

2. An n-phase ring oscillator comprising a plurality
of n vacuum tubes, each having an anode, a cathode and
a control grid, a separate resistive load circuit in series
with each of said anodes, a coupling circuit between the
anode of each vacuum tube and the control grid of the
vacuum tube adjacent in phase sequence, said coupling
circuits each adapted to introduce phase shift around the
oscillator ring sufficient to provide regenmeration at the
desired sub-audio oscillator frequency, and each coupling
circuit including in series a resistor and a capacitor, one
end of said resistor connected directly to an anode, and
the junction of said resistor and capacitor coupled by
a network to a control grid, said network including a
grid leak and a coupling condenser connected between
said junction and a control grid the other end of said
capacitor being connected to an audio-frequency ground
potential, said resistors having a resistance value suffi-
ciently Ligh and said capacitors having a reactance value
sufficiently low to achieve substantially complete isola-
tion between anodes and control grids of vacuum tube
adjacent in phase sequence, for frequencies greater by
at least an order of magnitude than the oscillatory fre-
quency of said oscillator wherein said coupling circuit
including in series a resistor and a capacitor is arranged
and adapted to introduce relatively large phase shift and
wherein said grid leak and coupling condenser are ar-
ranged ‘and adapted to introduce negligible phase shift,
both at the frequency of said oscillator.

3. The combination according to claim 2, wherein
said metworks comprise a grid leak, connected between
each of said control grids and a point of reference poten-
tial, and a coupling capacitor connected between the
grid end of said resistor and the junction between said
first mentioned resistor and capacitor.

4. An n-phase ring oscillator-modulation system com-
prising an n-phase source of wide band audio carrier
signals, each phase including an output vacuum tube
having at least an anode, a cathode and a control elec-
tr. e, a cathode resistance load in the cathode of each
of said vacuum tubes, an n-phase self-oscillator, each
phase of said self-oscillator including an oscillator vacu-
um tube having at least an anode, a cathode and a con-
trol electrode, a separate input cathode resistance in the
cathode circuit of each of said oscillator vacuum tubes,
and a conn:ction between each cathode of said output
vacuum tubes and one of said oscillator vacuum tubes.

5. The combination according to claim 4, wherein
said connection includes an isolating resistance having a
value greater than the value of any of said cathode re-
sistances.

6. The combination according to claim 4, wherein
said oscillator vacuum tubes have a common anode load
resistance.

7. The combination according to claim 4, wherein n
is greater than 2.

8. The combination according to claim 4, wherein said
connection includes an isolating resistance having a value
greater than the value of any of said cathode resistances,

9. The combination according to claim 4 wherein said
oscillator vacuum tubes have a common anode load re-
sistance.

10. A frequency shift modulation system, including
an n-phase source of wide band audio carrier signals, each
phase including an output vacuum tube having at least
a cathode, a cathode resistance load in the cathode cir-
cuit of each of said output vacuum tubes, a plurality of
n-phase sub-audio oscillators each oscillating at a differ-
ent frequency and each including » oscillator vacuum
tubes, said oscillator vacuum tubes each having at least
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sn anode, a cathode and a control electrode, 2 cathode
input resistance in the cathode circuit of each of said
oscillator vacuum tubes, and circuits for driving said
cathodes of said oscillator vacuum tubes in polyphase
sequence in response to said output vacuum tubes, said
circuits each including an isolating resistance connected
between a cathode of one output vacuum tube and a
cathode of one oscillator vacuum tube in each of said
oscillators.

11. The combination in accordance with claim 10,
wherein each of said oscillators includes a phase shift
coupling circuit between each pair of said oscillator
vacuum tubes of adjacent phase sequence, said phase
shift circuits coupling an anode of one oscillator vacuum
tube to a control electrode of another oscillator vacuum
tibe, said phase shift circuits including only resistance
and capacitance and being arranged to provide isolation
for said wide band audio signals.

12. The combination according to claim 11, wherein
is provided a separate anode load resistance for each of
said oscillator vacuum tubes and a common anode load
fesistance for all the oscillator vacuum tubes of each
oscillator.

13. A system for generating three phase broad band
signals in response to a single phase signal having a plu-
rality of frequencies in a relatively wide spectrim, com-
prising a source of said single phase signal, means for
deriving from said single phase signal twe further broad
band signals having each said plurality of frequencies,
wherein each corresponding pair of said plurality of fre-
quencies differs in phase by 120°, means for combining
said two further broad band signals in a common load,
and an output lead connected to said commen load.

14. A system for generating three phase wide band
audio signals comprising, a source of single phase wide
band audio signals, first means for deriving from said
single phase wide band audio signals a pair of wide
band audio signals corresponding frequency components
of which are separated by substantially 120°, second
means for deriving from said pair of wide band audio
signals a third wide band audio signal having said fre-
quency components phase separated from correspond-
ing frequency components in either of said pair of wide
band audio signals by 120°, a load circuit for said third
wide band audio signal, isolating impedances, said sec-
ond means comprising circuitry for applying said pair
of wide band audio signals in parallel to said load cir-
cuit via said isclating impedances.

15. An n-phase sub-audio ring oscillator comprising
a plurality of n control devices, each of said control de-
vices including a control electrode, an output electrode
and a common electrode, a separate resistive load con-
necied in series between each of said output electrodes
and a source of energizing voltage, means interconnecting
each of said output electrodes with a control electrode of
a control device adjacent in phase sequence, each means
for intercoupling including a phase shift network intro-
ducing a phase-shift in one sense of greater than

360°
n

and consisting of resistance and capacitor, one end of the
series resistance being connected directly to an output
electrode and one end of said capacitor being connected
o ground, said resistance and capacitor being connected
in series between the output electrode and ground, said
means for intercoupling further including a coupling cir-
cuit providing relatively large coupling and negligible
phase shift at the frequency of said oscillator, the negli-
gible phase shift being opposite to said one sense, said
capacitor having negligible impedance at audio frequen-
cies.

16. A-system for processing a band- of audio frequen-
cies, comprising means’ for frequency shifting said band
of andio frequencies by a first frequency increment,
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means for frequency shifting said band of audio fre-
quencies by a second and different frequency increment,
first means for filtering from the first frequency shifted
band a first sub-band of frequencies, second means for
filtering from the second frequency shifted band a sec-
ond sub-band of frequencies, said first and second means
for filtering having pass-bands which overlap over a ma-
jor portion of the pass bands of the means for filtering,
wherein said means for frequency shifting includes an
oscillator-modulator, comprising an n-phase ring oscil-
later each phase of said ring oscillator including a vac-
mum tube having an anode, a cathode, and a control
electrode, a cathode resistance in the cathode circuit of
each of said vacuum tubes and means for applying indi-
vidual phases of an n-phase signal to individual ones of
said cathodes.

17. The combination according to claim 16 wherein the
point of cross-over of the response curves of said first
and second means for filtering occurs at points approxi-
mately 2 db down on the pass characteristics of said
means for filtering.

18. The combination according to claim 16 wherein
said sub-bands are of the order of one octave in width.

19. A system for processing a band of audio frequen-
cies, comprising means for frequency shifting said band
of audio frequencies by a first frequency increment, means
for frequency shifting said band of audio frequencies by
4 second and different frequency increment, first means
for filtering from the first frequency shifted band a first
sub-band of frequencies, second means for filtering from
the second frequency shifted band a second sub-band of
frequencies, said first and second means for filtering hav-
ing pass-bands which overlap over a major portion of
the pass bands of the means for filtering, wherein said
means for frequency shifting said band of audio frequen-
cies includes an n-phase source of said band of audio fre-
quencies, each phase including an output vacuum tube
having at least an anode, a cathode and a control elec-
trode, a cathode resistance load in the cathode of each
of said vacuum tubes, an n-phase self-oscillator, each
phase of said self-oscillator including an oscillator vac-
vum tube having at least an anode, a cathode and a con-
trol electrode, a separate input cathode resistance in the
cathode circuit of each of said oscillator vacuum tubes,
and a connection between each cathode of said output
vacuum tubes and one of said oscillator vacuum tubes.

20. A system for processing a band of audio frequen-
cies, comprising means for frequency shifting said band
of audio frequencies by a first frequency increment, means
for frequency shifting said band of audio frequencies by
a2 second and different frequency increment, first means
for filtering from the first frequency shifted band a first
sub-band of frequencies, second means for filtering from
the second frequency shifted band a second sub-band of
frequencies, said first and second means for filtering hav-
ing pass-bands which overlap over a major portion of
the pass bands of the means for filtering, wherein said
means for frequency shifting includes an n-phase source
of said band of andio frequencies, each phase including
an output vacoum tube having at least a cathode, a sep-
arate cathode resistance load in the cathode circuit of
each of said output vacuum tubes, a plurality of n-phase
sub-audio oscillators each oscillating at a different fre-
guency and each including n oscillator vacuum tubes,
said oscillator vacuum tubes each having at least an an-
ode, a cathode and a control electrode, a cathode input
resistance in the cathode circuit of each of said oscillator
vacuum tubes, and circuits for driving said cathodes of
caid oscillator vacuum tubes in polyphase sequence in
response to said output vacuum tubes, said circuits each
including an isolating resistance D.C. connected between
a cathode of one output vacuum tube and a cathode of
one oscillator vacuum tube in each of said oscillators.

21. A system for processing a band of audio frequen-
cies, comprising means for frequency shifting said band of



L

2,916,706

13

audio frequencies by a first frequency increment, means
for frequency shifting said band of audio frequencies by
4 second and different frequency increment, first means
for filtering from the first frequency shifted band a first
sub-band of frequencies, second means for filtering from
the second frequency shifted band a second sub-band of
frequencies, said first and second meaits for filtering hav-
ing pass-bands which overlap over a major portion of
the pass bands of the means for filtering, wherein said
means for frequency shifting includes an n-phase source
of said band of audio frequencies, each phase including
an output vacuum tube having at least a cathode, a sep-
arate cathode resistance load in the cathode circuit of
each: of said output vacuum tubes, a plurality of n-phase
sub-audio oscillators each oscillating at a different fre-
quency and each including » oscillator vacuum, tubes, said
oscillator vacuum tubes each having at least an anode, a
cathode and a control electrode, a cathode input resistance
in the cathode circuit of each of said oscillator vacuum
tubes, and circuits for driving said cathodes of said os-
cillator vacuum tubes in polyphase sequence in response
to said output vacuum tubes, said circuits each including
an jsolating resistance D.C. connected between a cathode
of one output vacuum tube and a cathode of one oscil-
lator vacuum tube in each of said oscillators, wherein
each of said oscillators includes a phase shift coupling
circuit between each pair of said oscillator vacuum tubes
of adjacent phase sequence, said phase shift circuits cou-
pling an anode of one oscillator vacuum tube to a con-
trol electrode of another oscillator vacuum. tube, said
phase shift circuits including only resistance and capaci-
tance and being arranged to provide isolation for said
wide band audio signals.

22. ‘A system for processing a band of audio frequen-
cies, comprising means for frequency shifting said band
of audio frequencies by a first frequency increment,
means for frequency shifting said band of andio frequen-
cies by a second and different frequency increment, first
means for filtering from the first frequency shifted band
a first sub-band of frequencies, second means for filtering
from the second frequency shifted band a second sub-
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band of frequencies, said first and second means for fil-
tering having pass-bands which overlap over a major por-
tion of the pass bands of the means for filtering, wherein
said means for frequency shifting includes an n-phase
source of said band of audio frequencies, each phase in-
cluding an output vacuum tube having at least a cathode,
a separate cathode resistance load in the cathode circuit
of each of said output vacuum tubes, a plurality of n-
phase sub-audio oscillators each oscillating at a differ-
ent frequency and each including n oscillator vacuum
tubes, said oscillator vacuum tubes each having at least
an anode, a cathode and a control electrode, a cathode
input resistance in the cathode circuit of each of said
oscillator vacuum tubes, and circuits for driving said
cathodes of said oscillator vacuum tubes in polyphase se-
quence in response to said output vacuum tubes, said
circuits each including an isolating resistance D.C. con-
nected between a cathode of one output vacuum. tube and
a cathode of one oscillator vacuum tube in each of said
oscillators, wherein each of said oscillators includes a
phase shift coupling circuit between each pair of said os-
cillator vacuum tubes of adjacent phase sequence, said
phase shift circuits coupling an anode of one oscillator
vacuum tube to a control electrode of another oscillator
vacuum tube, said phase shift circuits including only re-
sistance and capacitance and being arranged to provide
isolation for said wide band audio signals, wherein is
provided a separate anode load resistance for each of
said oscillator vacuum tubes and a common anode load
resistance for all the oscillator vacuum tubes of each
oscillator,
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