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ELECTRONIC MUSICAL INSTRUMENT WITH
PLURAL CHANNELS PROVIDING DIFFERENT
PHASE SHIFT

The present invention relates to an electronic musi-
cal instrument comprising a plurality of parallel trans-
mitting channels for an audio frequency signal appear-
ing via one output terminal only, a phase modulating
device in at least two of the channels, means for di-
rectly connecting the output terminal to an input of
each of said phase modulating devices, a generator
means for generating a sine shaped sub-audio fre-
quency signal and means for presenting modulating sig-
nals to the respective modulating devices having a pre-
determined fixed mutual phase shift relation, said sub-
audio frequency signal being presented to a modulation
input of each of said phase modulating devices.

A device is known such as that disclosed in Dutch pa-
tent application 6907873, laid open to public inspec-
tion, in which means are described (particularly FIGS.
6 and 13) which lead to a certain vibration-effect on an
audio frequency signal to be transmitted.

An object of the present invention is to provide a vi-
bration-effect to be carried out in a special way, in that
a new imitative.effect is provided. The components of
the audio frequency signal, while harmonizing at the
output of the respective transmission channels, will
produce the illusion of originating from an array of sub-
stantially identically played instruments, such as a
group of strings in a string orchestra, or the like.

According to the present invention the object is
achieved by a second generator means for generating
a second sine shaped sub-audio frequency signal having
a frequency different from the frequency of the first
signal, the signal being presented to each of the modu-
lation inputs comprising both the first and the second
sub-audio frequency signals.

The effect of the present device is most apparent
when the frequency of the signal generated by the first
generator means is at most 1 Hz and that of the second
signal is in the range from 5 to 6 Hz, the fixed mutual
phase shift amounting to 360° divided by the number
of transmission channels.

For an appropriate construction of the present de-
vice,. the phase modulating devices preferably each
comprise a controllable shift register being connected
for operation with two oppositely running gate pulse
trains. The gate pulses in a train succeed each other
with a repetition time that is sufficiently short, i.e., not
to exceed the inverse value of twice the bandwidth of
the.sound signal and that is otherwise modulated with
the'signal being obtained by summing in the phase shift
means. -

.An advantage of the present device is that a pro-

-longed delay required for the achievement of the effect
can be obtained by a singular delay line, said delay hav-
ing to last more than 1 millisecond.

. A further advantage of the present invention is that

* the wave shape of the audio frequency signal will not
be deformed by the delay line.

The present invention will now be illustrated in its
preferred embodiment by a description of an example
with reference to drawing wherein:

FIG. 1 represents a block diagram of an electronic
musical instrument having a construction according to
the present invention.
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FIG. 2 shows in block diagram a circuit for generat-
ing a modulation signal.

FIG. 3 shows schematically the structure of a delay
line as used according to the present invention.

FIG. 4 shows a time sequence diagram for two gate
pulse trains.

In FIG. 1 is an output 52 of an electronic organ 50
directly connected with inputs 66,76,86 of three trans-
mission channels which respectively comprise a series
circuit of a delay line 60,70,80, a low pass filter
61,71,81, an amplifier 62,72,82 and a loud-speaker
63,73,83. An output 51 of organ 50 is directly con-
nected with the input 85 of amplifier 82 for the signal
from filter 81.

Each of the delay lines 60,70,80 is provided with an
input 67,77,87, respectively, for a modulation signal
said, the input in the example actually being a control
input of a switching oscillator 64,74,84, respectively.
The switching oscillator produces two gate pulse trains,
the gate pulses in one train running in opposite phase
with regard to the gate pulses in the other train. The
gate pulse trains are connected respectively through
inputs 68 and 69, 78 and 79, and 88 and 89 with the
corresponding delay lines, in succession 60,70 and 80.

In FIG. 2, a circuit for generating a modulation signal
is shown in the form of a block diagram.

A sine shaped signal transmitted from a low fre-
quency signal generator 10 via an output 11 and a sec-
ond sine shaped signal transmitted from a low fre-
quency signal generator 30 via an output 31 are
summed in three ways. The sine shaped signal gener- -
ated in the generator 10 has a frequency that is not
higher as 1 Hz and the sine shaped signal generated in
the generator 30 preferably has a frequency in range
from 5 Hz to 6 Hz. It is not necessary that a simple rela-
tion exists between the sine shaped signals originating
from the generator 10 and the generator 30 with re-
spect to phase or frequency. Indeed, it appears to. be
important that the amplitudes of the two signals are of
about the same magnitude. A sub-audio frequency sig-
nal obtained by direct summation is transmitted to
input 67 as a modulating signal.

The outputs 11 and 31 are each connected with an
input of a phase shifting network 21 and 41 respec-
tively. The phase shifting networks effect a phase shift
as a result of which the sum of the output signals of the
networks transmitted to input 77 which has a fixed
phase shift with regard to the modulation signal trans-
mitted to input 67.

In an similar way, portions of the output signals from
the networks 21 and 41, are once again subjected to a
phase shift in networks 22 and 42, and successnvely
transmitted in summed form to input 87,

The amount of the fixed phase shift in all networks
21, 22, 41, 42 respectively can simply be determined to:
be 360° divided by the number of transmission chan-
nels, but with different values good results are also
achieved. As the frequencies of the sine shaped signals
differ considerably, the networks although effecting -
one and the same phase shift, are structured differently
in an otherwise wellknown way, measures being taken
at the same time to provide for equality in amplitude of
the signals respectively transmitted to inputs 67,77 and
87.

The operation as a delay line of a shift register is gen-
erally known. The shift register shown in FIG. 3 com-
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prises MOSFET-transistors T1,T2,..T(n -+ 1). By
switching the transistors from the conductive state to
the blocking state, a signal V; is sampled with the fre-
quency of the gate pulses in a gate pulse train Vg, and
is transmitted via capacitors C1, C2,...Cn, by means of
an additional gate pulse train Vg thereby switching the
even numbered transistors.

The sample of the signal V; reaches the output of the
shift register which is referred to by V,, after n/2 times
the repetition time of the pulses in a puise train. Such
a delay line presents the capability to attain a relatively
long delay time and moreover to modulate said delay
time in a simple way. :

To effect such modulation, only the common source
of the two pulse trains need to be modulated.

The delay line just described is commercially obtain-
able in the form of an integrated circuit, there being
185 shift register sections realized in the integrated cir-
cuit. In applying said delay line in the audio frequency
range, in this case the upper limit of said frequency
range being fixed at 15 kHz, the sampling frequency
should amount to at least 30 kHz. A mean sampling fre-
quency, that is a frequency for the pulse trains, of 45
kHz effects a delay time of somewhat more than 2
msec and permits a modulation of 30 to 60 kHz, for ex-
ample the travelling time varying from about 3 to about
15 msec. .

As is known, travelling time modulation has as a con-
sequence a relative frequency variation this is indepen-
dent from frequency.

With the relatively long delay time, a substantial
modulation depth in phase modulation is achieved in a
simple way. It has been found that a modulation depth
" to be achieved in phase modulation with the delay line
as described above, is necessary for the contemplated
effect.

The low pass filters 61,71,81 shown in FIG. 1, return
the delayed sampled signal to its original shape. The fil-
ters have a cut-off frequency of about 20kHz. In this
" way, the wave shape of the audio-frequency signal re-
mains maintained and thus its sound.

Furthermore, travelling time modulation does not

S

simplification.

What is claimed is:

1. An electric musical instrument which comprises in
combination, an audio frequency signal source; an out-
put terminal for the audio frequency source; a plurality
of parallel transmitting channels each of which com-

- prises a delay line series circuit, a low pass filter, an am-
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plifier and loud speaker all interconnected; said delay
line series circuit connected to receive the audio fre-
quency signal from said output terminal; a switching
oscillator disposed to provide two gate pulse trains, one
running in opposite phase with regard the other to the
delay line series circuit; a first and a second sine shaped
signal low frequency generator disposed for generating
a sine shaped sub-audio frequency signal to one of said
switching oscillators; at least a first and a second phase
shifting network each disposed to receive signals re-
spectively from said first and second sine shaped signal
low frequency generators, said first and second phase
shifting networks disposed to provide a sum output sig-
nal to a second delay line series circuit; each of the fur-
ther plurality of parallel transmitting channels having
receiving imputs for switching oscillators from further
first and second phase shifting networks each disposed
to receive signals respectively from prior disposed
phase shifting networks; and a second output from the
audio frequencysignal source, said second output con-
nected to the amplifier of the last of said plurality of
transmitting channels.

2. The electronic musical instrument of claim 1
wherein the frequency of the signal generated by the
first generator is less than 1 Hz and that of the second
signal is in the range from 5 to 6 Hz, the fixed mutual
phase shift amounting to 360° divided by the number .
of transmission channels. .

3. The electronic musical instrument of claim 1

_ wherein the phase shifting networks each comprise a
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give rise to any amplitude modulation, i.e., the ampli- .

tude of the audio-frequency signal in the various trans-
mission channels does not change relatively. For the
construction of the circuit, this means a considerable
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controllable shift register connected for operation with
said two gate pulse trains running in opposition, said
gate pulses in a train succeeding each other with a repe-
tition time that is sufficiently short not to exceed the
inverse value of twice the bandwidth of the audio fre-
quency signal, and which is modulated with the signal
being obtained by summing in the phase shifting net-

work.
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