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The present invention relates gemerally to electronic
organs, and more particularly to systems for efficiently
modulating and radiating the tonal output of an elec-
tronic organ to achieve interesting choral effects.

The. traditional pipe organ consists of many ranks of
pipes, which are invariably somewhat out of tune. Cer-
tain ranks of pipes, referred to as “celestes” are pur-
posely detuned to produce a rich ensemble effect in the
composite tone, which is especially desirable for use in
ecclesiastical music. Electronic organ music may be
processed in such fashion as to impart enhanced ensemble
effects, analogous to those obtainable from pipe organs,
and organ tones or the frequency spectrum of organ
output may be described as “enhanced,” when so proc-
essed, to distinguish them from the more conventional
unprocessed tones or spectra which are not so enhanced.
Various devices for enhancing electronic organ tones
exist.

Achieving of enhanced tones according to the present
invention involves generally the prior production of un-
modulated tones, by an electronic organ, which may be
radiated as such. The unmodulated tones may be pro-
duced by different divisions of the orgam, and each di-
vision may be provided with a separate amplification
channel and radiating system. The latter are spatially
separated, for example across the front of the auditorium.
In this respect unmodulated tones may be understood as
including tones which may be, or not be, subjected to
vibrato or tremolo effects. In accordance with the in-
vention, the organ tones are modulated, in accordance
with the teaching of any of the above applications for
United States patent, and the modulated tones originat-
ing in the different organ divisions may be radiated from
separated locations, together with the unmodulated tones.

Generally, the provision of facilities for radiating
‘modulated tones together with unmodulated tone involves
the addition of amplification channels and loud speaker
systems, to those in any event available, since it is found
that radiation of unmodulated and modulated tones de-
riving from the same organ division, from separated points
in space, provides a much closer approximation than is
otherwise possible to the multi-source chorus effect of
organ pipes separated in space and operating in a non-
synchronous manmner, or serves to provide novel and
desirable tonal effects which are not possible for the
pipe organ.

The provision of seperate amplification channels for
unmodulated and modulated tones, and of separate loud
speaker systems for these, is obviously undesirable eco-
nomically, and also from the point of view of space
‘requirements,

It is a primary object of the present invention to pro-
vide a system for radiating modulated and unmodulated
tones from common radiating systems, driven from the
amplification channels in any event available for the un-
modulated tones, while providing the subjective effects
.of separate radiating systems and separate amplification
channels.
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It is generally the practice in providing tone amplifying
and radiating systems for electronic organs to provide
separate amplification channels and radiation systems for
the separate divisions of the orgam, i.e. for the great,
pedal and swell divisions, and the separate radiation
systems are usually separated physically as far as possible
across the front of an auditorium, in order to have the
sound from each division originate from an audibly sepa-
rate location. It is feasible and highly desirable to reduce
the cost of such systems, and their space requirements, by
employing a single highly efficient low frequency tone
radiating system for all the organ divisions, and to pro-
vide spatial separation of tone radiating systems for the
medium and high frequency sounds only. The spatial
separation of sound radiators for the separate organ
divisions is thus achieved for all tones, including the
low frequency tomes, on a subjective basis, despite the
fact that the origin of all the low tones is the same, and
in such systems the principles of the present invention
may apply only to the amplification and radiation sys-
tems employed for the medium and high frequencies.

In accordance with the present invention, tone deriv-
ing from any one organ division is modulated and de-
layed, and the modulated delayed tome is supplied to
the amplification channel serving another and different
organ division. The same amplifier channel and radia-
tion system may thus serve for both normal unmodu-
lated signal from one organ manual, and for modulated
or enhanced signal from another manual, without loss
of identity with regard to auditory localization. The
effect involved is subjective, and is known as the Haas
effect, being described by the statement that sound sub-
jectively appears to be localized where the initial portion
of it originates.

To provide a specific example, unmodulated signals
from the great, pedal and swell divisions of the organ
may be radiated from the left, center and right of an
auditorium, respectively. Connection of a modulator and
time-delay device for great signals between the output
of the great amplifier and the input of the swell amplifier
separates the sources of modulated and unmodulated
great tones, and hence provide the full modulated effect
of space separated sources of modulated and unmodu-
lated tones, respectively. However, the listener sub-
jectively localizes the entire tone as originating from the
left, because the initial part of the tone initiated on the
left, i.e., from the great loud speaker. Analogous expedi-
ents may be applied to the several divisions of the organ,
to the end that all three divisions, or any of these, or any
combination of these, may provide both unmodulated
and enhanced sound.

Modifications of the invention involve(1) selective
utilization of a single modulator by either of two divisions
of an electric organ and radiation of the modulated tone
by the radiator assigned to the third division, and 2)
the periodic or random elimination or variation of delay
time, in a modulation channel or in alternate channels,
to achieve special tonal effects.

It is, accordingly, an object of the present invention
to provide a system for introducing modulated tone into
an audio system of an electronic organ, without requiring
amplifiers or sound radiators additional to those in any
event available for amplifying and radiating unmodu-
lated tone.

It is a further object of the present invention to pro-
vide a system for transmitting tones from one radiation
system -and causing the tones subjectively to appear as
deriving from a different radiation system, remote from
the one radiation system.

It is still another object of the present invention to
provide a system in which an unmodulated and a modu-
lated tone of similar but not identical tonal content are
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radiated acoustically from .two spaced radiators, and is
applied tc one of the radiators with a relative time delay,
so that the tone will appear subjectively to derive from
the other radiator.

It is another object of the invention to provide a system
for radiating unmodulated tones deriving from the three
divisions of an electronic organ via three separate ampli-
fying and radiating channels, ezch individual to one of
the divisions, to radiate modulated tones deriving from
two of the divisions each via the amplification and radiat-
ing channel of the other, and to introduce a time delay
into the modulated tones, so that the initial times of
radiation are later than the initial times of radiation of
the corresponding unmodulated tone. A subsidiary fea-
ture involves reduction of the time delays of the modu-
lated tones in alternation and periodically, or at random.

It is still a further object of the invention to provide
a system for radiating an unmodulated tone from one
location and a modulated version of that tone from an-
other location with time delay, and to reduce the time
delay periodically or at random.

A broader object of the invention is to radiate an
unmodulated tone from one location, and a modulated
version of the tone from another location, but with a
time delay of the order of 0.05 second.

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

Figure 1 is a block diagram -of a system according to
the invention as applied to an electronic organ; and

Figures 2 and 3 are block diagrams of modifications of
the system of Figure 1.

Proceeding now more particularly by reference to the
accompanying drawings, the reference numeral 19 denotes
an electronic organ having great, pedal and swell divi-
sions. The amplification channel for the great division
includes great power amplifier 11 and radiator 12; the
amplification channel for the pedal division includes pedal
power amplifier 13 and radiator 14, and the amplification
channel for the swell division includes swell power ampli-
fier 15 and radiator 16. If desired (in the several modifi-
cations of the present inv-ntion) the several radiation
systems, or loud speaker systems, may be limited to
radiating medium and high frequencies, and the low fre-
quencies from all the divisions may be commonly radi-
ated from a single speaker, following the teaching of an
application for United States patent filed in the name of
the present invention, Serial No. 584,609, entitled Sound
Distribution System. However, the present invention does
not require the arrangement of the specified patent appli-
cation, which is permissive .only, although generally
preferred.

The output of the great division of organ 18 may be
derived at the output side of power amplifier 11, passed
through a controllable gain control device 20, a control-
lable time delay device 21, a modulator 22, and via a
switch 23 to the input of swell power amplifier 15. - The
output -of :swell- power -amplifier 15 may be applied via
controllable gain control -device 24, controllable time
delay device 25, modulator 26 and switch 27 to the input
of great power amplifier 11. The output of the pedal
power amplifier 13 may be applied via controllable time
delay device 28, modulator 29, controllable gain -control
device 30 and switch 31 to-the input of swell power ampli-
fier 15, and similarly via time delay device 32, modulator
-33, gain -control -device-34-and switch 35 to the input of
.great -amplifier 11,

“The. several -gain -control -devices may be attenuators,
and-are arranged to attenuate the level of signal applied
to each amplifier so that modulated and unmodulated
tone may be radiated .at approximately the same level,
-or so that one may: be radiated-at relatively reduced level,
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4
as desired. The time delays ptovxded are just sufficient
to enable a subjective impression of the relative times of
initial radiation of tones, and may be made adjustable to
vary the effect, but are required to be of the order of
0.05 seconds. The modulators may be cf diverse char-
acter, and particularly may be of the types disclosed in
any one of the applications of Jones or Wayne, above
referred to.

In the system of Figure 1 the great output of organ
10 may be radiated directly, in unmodulated form, by
great radiator 12, and also in delayed and modulated form
from swell radiator 16. The output of the swell division
of organ 10 may be radiated directly by swell radiator
16, but after delay and in modulated form by great radia-
tor 12. By reason of the delays, the swell output will
appear subjectively to derive entirely from the swell radia-
tor 16, and the great output from the great radiator 12,
but the tonal character of the system is enhanced by
the utilization of two spaced radiators, one for modulated
tone and the other for unmodulated tone, each of which
radiates one unmodulated tone and one modulated tone,
deriving from different organ divisions.

The pedal division may have its output delayed and
modulated, and the modulated tone radiated selectively
by the great speaker or by the swell speaker, or by both.
Since the great loud speaker may be located on the left
side of the front of an auditorium, the swell loud speaker
on the right, and the pedal loud speaker in the ceater,
tonal output of each division.may be radiated in modu-
lated and unmodulated form from spatially separated
radiators, but due to the delays introduced in the modu-
lated signals they appear subjectively to originate in the
loud speaker having the rame nomenclature as the asso-
ciated organ division.

The time delays introduced.in the several modulated
channels possess greatest usefulness where it is desired
to have the modulated signal comparable in strength
to the unmodulated signal. Where only a very small
amount of modulated signal is required, relative to the
unmodulated signal, the amplitude disparity between the
modulated and unmodulated signal may be sufficient .to
provide the auditory localization desired, without the
necessity for time delay. The system of Figure 1, may
in such case, therefore, be modified to exclude time de-
lays, or these may be adjusted to have zero value.

In a system in which modulation is desired for either
the swell or greast divisions, or the combination of the
two simultaneousiy, but in which separate and 1ndepeud-
ent modulation for the swell and great divisions is not a
requirement, output-signals ‘from both the great and the
swell divisions could be passed, selectively and at will,
through a single delayed modulation channel, ampliﬁed
by the pedal amplifier and radiated by the pedal loud
speaker. Reference is made to Figure 2 of the accom-
panying drawings for illustration of such a system.

In the system of Figure 2 is illustrated an organ con-
sole 19 having great, pedal and swell divisions, the great,
pedal and swell power amplifiers 11, 13 and 15, respec-
tively, and -the great pedal and swell loud speakers 12,
14 and 16, respectively, following Figure 1. The outputs
of great and-swell power amphﬁers are applied via sepa-
rate, and independent adjustable gain control or-attenua-
tor devices 39, 31, commonly to the input of a time delay
device 32, and a modulator 33. The great and swell in-
puts may be separately connected or disconnected, by
means of switches 34, 35, and the output of modulator

-33 is. connected to the input of pedal amplifier 13.

1t follows that a modulated form of either the great
or the swell divisions may be radiated by the pedal loud
speaker system, but-that only one modulatmg channel
is employed, ‘which minimizes the extra equipment re-
quired to achieve enhanced tones.

In the system of Figure 3, the output of the great
amplifier is delayed, modulated and applied to the input

-of the swell amplifier, while the output of the swell ampli-



2,879,683

5

fier is time delayed and modulated and applied to the
input of the great amplifier, following the general teach-
ings of the present invention, as described particularly in
connection with Figure 1, and accordingly the same nu-
merals of reference are applied to corresponding parts,
in Figures 1 and 3. )

In the system of Figure 3, however, a switch 40 is pro-
vided for by-passing the modulator 22, and a switch 41
for by-passing the modulator 26, at will. Moreover,
switches 42 and 43 are provided for by-passing the time
delay devices 21 and 25, respectively. The latter switches
may be opened and closed in alternation, and cyclically
or at random, as by a motor driven device 44, so that
time delays are introduced into the great and swell chan-
nels in alternation. The apparent sources of the modu-
lated tones is thus changed from left to right, and back,
in alternation and periodically, while the unmodulated
tones do not shift their apparent origins. A novel effect
is thus obtained, which is of considerable interest musi-
cally, and simulates a cyclic or random shift of tonal
origin, having regard for the subjective effect of the time
delay in effecting interchange of origins for the modu-
lated tones deriving from the great and swell divisions,
while the unmodulated tones remain relatively fixed as
to origin.

The switches 40, 41 which permit by-passing of the
modulators, provide a further tonal effect, in that each
of the great and swell divisions of the organ are radiated
from both the swell and great radiators, but the presence
of time delays introduces a subjective effect localizing
the apparent sources of the tones. By retaining the time
delays, but by-passing the modulators, the output of each
division may be radiated from two separated radiators,
but subjectively appear to be localized in one of these.

The order of magnitude of the time delays required, in
the practice of the present invention, has been specified
as 0.05 second. Much greater times give the impression
of an echo, and confuses the organist and the listener.
Much lesser times would correspond to differences in
distance of the same order as might exist between a
listener and two widely separated loud speakers, and are
insufficient for that reason, i.e., because the desired sub-
jective effect would not be accomplished.

In a broad sense, accordingly, the modulator employed
in the practice of the present invention may be any de-
vice for processing a band of signals corresponding with
music, so as to derive a modified band of signals, in which
the modified band includes the musical content of the
unprocessed band but is audibly distinguishable there-
from by reason of frequency content. - Preferably, dif-
ferent portions of the audio spectrum are distinguishably
processed, to introduce a random effect.

The present invention may be practiced by transferring
tonal signal from the input of one amplifier to the input
of another rather than from output to input, provided
that means be provided for compensating for attenua-
tions inherent in delay devices, modulation systems and
the like.

While 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
construction 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 is claimed is:

1. In an audio system for electrical musical produc-
tion, wherein signals of different tonal character are ap-
plied in different audio channels having a separate ampli-
fication system for each of said audio channels, each of
said amplification systems having an input circuit and an
output circuit, a separate acoustic radiation system for
each of said amplification systems coupled to the output
circuit thereof, said radiation systems being spaced apart
by a sufficient distance distinctly to localize the sounds
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: 6
originating from the separate radiation systems, the com-
bination of at least one cross feed channel connected be-
tween said audio channels for deriving tone signals from
at least one of said audio channels and for applying the
tone signal so derived to the input circuit of at least an-
other of said amplification systems, a time delaying means
for delaying tone signal by a time interval selected to
localize sound origin by virtue of Haas effect at that one
of the radiation systems at which the initial portion of
the sound originates, said time delaying means being
connected in cascade in said cross feed channel and means
for pitch modulating the tone signal, said last means
being included in cascade with said delaying means in
said cross feed channel.

2. The combination according to claim 1 wherein is
provided an electronic organ having swell, great and
pedal divisions, each of said divisions being operatively
associated with a different one of said andio channels for
producing said signals of different tonal character.

3. The combination according to claim 1 wherein said
means for pitch modulating is a means for enhancing the
tone signal to include chorus effect.

4. The combination according to claim 1 wherein said
at least one cross feed channel includes two cross feed
channels, and means for at will connecting each cross
feed channel between one of said audio channels and
another one of said input circuits.

5. In an audio system for electrical musical produc-
tion, wherein signals of different tonal character are
applied in at least two different audio channels each hav-
ing a separate amplification system, each of said ampli-
fication systems including an input circuit and an output
circuit, a separate acoustic radiation system for each of
said amplification systems coupled to the output circuit
thereof, said radiation systems being spaced apart by a
sufficient distance distinctly to localize the sounds origi-
nating from the separate radiation systems, the combina-
tion of at least two cross feed channels, each of said
cross feed channels being connected between said dif-
ferent audio channels for deriving tone signal from at
least one of said audio channels and for applying the
tone signal so derived to the input circuit of another of
the audio amplification systems, each of said cross chan-
nels including a time delaying means for delaying tone
signal by a time interval selected to localize sound origin
by virtue of Haas effect at that one of the radiation sys-
tems at which the critical portion of the sound originates,
said time delaying means being connected in cascade in
said cross feed channel, and means for at will pitch mod-
ulating tone signal connected in cascade with each of
said means for delaying.

6. The combination according to claim 5 wherein said
audio system for electrical musical production is an elec-
tronic organ having at least two divisions for generating
said signals of different tonal character.

7. The combination according to claim 6 wherein said
means for pitch modulating is a means for enhancing
tone by introducing chorus effect.

8. In an electrical organ system including great, pedal
and swell divisions, and wherein each of said divisions
generates signals of different tonal character, said signals
of different tonal character being each applied in a dif-
ferent audio channel, each audio channel having a sep-
arate amplification system having an input circuit and
an output circuit, a separate acoustic radiation system
operatively associated with each of said amplification Sys-
tems and coupled to the output circuit thereof, said radia-
tion systems being spaced apart by a sufficient distance
distinctly to localize the sounds originating from the sep-
arate radiation systems, the combination of cross feed
channels extending between said audio channels for de-

- riving tone signals from certain of said audio channels

and for applying the tone signals so derived to the input
circuit of an amplification system in at least one other
of said amplification systems, each of said cross feed
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channels including in cascade a time delaying means for

delaying tone signal by a time interval selected to localize;

sound otigin, by virtue' of Haas effect, at that one of

the radiation systems at which the initial portion of the

sound originates, each of said cross feed channels further
mcludmg in cascade means for pitch modulating the tone
signal'in said cross feed channels.

9. The combination accordmg to claim 8 wherein each’

of said audio channels is connected to the _rémaining
audio channels by one of said cross feed channels,

10:. The combination according to claim 8 wherein is
prov1ded means for at will disconnecting any of said cross’

feed channels from said system.

11. The combination according to claim 8 Wherem'
is provided means for automatically’ alternately’ discon: 15 2;819,342

5

10

&
necting certain of said cross feed channels from said
system.,

‘127 The' co‘mbmatlon accordmg to cldim 8 wherein
is provxded means for including a’ smgle time delaying
means at will into’ any onme of a plurality of said cross
feed channels.
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