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MUSICAL INSTRUMENTS EQUIPPED THEREWITH (71)   1, James Myron Cohn citizen
of the United States of America of 1125 Lexington Avenue, New York, State
of New York, United States of America, do hereby declare the invention for
which I pray that a patent may be granted to me, and the method by which it
is performed, to be particularly described in and by the following
statement:- 5   This invention relates to electrical control devices and
electronic musical instruments equipped therewith, and is particularly
useful in providing a control for an electronic music synthesizer, an
electronic musical instrument or one or more electronic music modules. A
known type of music synthesizer comprises a voltage controlled oscillator
(VCO) and a voltage controlled filter (VCF). The VCO has two outputs at one
of which is provided a square 10 wave signal and at the other of which is
provided a triangular wave signal. These two outputs are connected through
respective isolation resistors to a common bus which is connected to one
fixed pole of a two-pole selector switch, and is also connected through
another isolation resistor to the input of the VCF, whose output is in turn
connected to the other fixed pole of the selector switch The movable pole
of the selector switch is connected to the input of a voltage controlled
amplifier 15 (VCA), which provides the synthesizer's output signal, and
accordingly, the selector switch enables the user of the synthesizer to
determine whether the output signal is derived from the unfiltered outout
(s) of the VCO, or from the output (s) of the VCO as modified by the VCF.
The fundamental frequency of the VCO's output signal, be it the square wave
signal or the triangular wave signal, is determined by applying a
controlling voltage to the VCO. Likewise, 20 when the VCF is used, the
manner in which the VCF modifies the signal (s) from the VCO can also be
determined (if so desired) by applying the controlling voltage (through
additional switches) to the VCF also. The source of the controlling voltage
may be a ribbon controller (otherwise known as a linear controller)
comprising a strip of resistive material connected at its opposite ends to
a DC voltage source, and a conductive probe whereby the voltage at any
point along the resis- 25 tive strip can be tapped to provide the
controlling voltage for the VCO and possibly also for the VCF. Thus the
position at which the probe is touched. to the resistive strip determines
the fre- qudncy of the signal applied through the selector switch to the
VCA. The amplitudes of the two output signals provided by the VCO are
controlled separately from the frequency, by means of respective
conventional potentiometers. Finally, the synthesizer 30 circuitry includes
a simple one-position trigger switch which is operated independently of the
frequency control probe and the amplitude control potentiometers to turn on
the VCA. The trigger switch may be a simple push-button in which case the
VCA is turned on by pressing the push-button and then goes through a
predetermined cycle concluded by its turning itself off or, if the VCA has
a "sustain"control which is in the "on" position, remains on until pressure
is removed 35 from the push-button. The synthesizer circuitry also includes
a jack for plugging in another external trigger switch or trigger source.
It will be appreciated that manual operation of the synthesizer can become
quite complicated, in that in order to vary frequency and amplitude
independently it is necessary to adjust the potentio- meter and move the
probe independently and accordingly this may require use of more than one
40 hand. The additional need to control the trigger push-button at this
time clearly leads to even    1 530 564 further difficulty. 



According to one aspect of the present invention there is provided an
electrical, control, device comprising a base member, an elongate support
member mounted so as to be movable with respect to said base member, and an
elongate resistive member supported by and extending along the 5 length of
the support member, movement of the support member with respect to the base
member being accompanied by movement of the elongate'resistive member
transversely off its length with respect to the base member, and the device
also comprising biasing means to bias the support  - member against
movement which is accompanied by movement of the resistive member away
frora' a null position in one direction transversely of its length, and a
sensing electrode which can be 10 moved so as to contact the resistive
member at a position intermediate its ends when said'ends are connected to
opposite respective poles of a voltage source to tap off a voltage which is
selectively variable by varying the position along the support member at
which the sensing electrode contacts the resistive member, contacting of
the sensing electrode to the resistive member tending to bring about
movement of said resistive member with respect to said base member in said
one direction, in 15 opposition to said biasing means, and the device also
comprising position pick-up means having a first part connected to said
support member and a second part connected to said base, member, said parts
being arranged and connected to generate an electrical analog signal
dependent on the position of said resistive member with respect to said
base member, and the device also being provided with means for generating a
predetermined response when said resistive member is moved from said null
20 position through an initiating threshold position against said biasing
means and for terminating said predetermined response when said resistive
member is returned from beyond saidt initiating threshold position towards
said null position through a terminating threshold position. For a better
understanding of the invention, and to show how the same-may be carried
into effect, reference will now be made, by way of example, to the
accompanying drawings which: 25    Figure 1 shows diagrammatically a simple
form of music synthesizer; Figure 2'shows a vertical sertional view of a
control device embodying the present invention, while Figure 2A shows a
detail of Figure 2; Figure 3 shows an elevationial view of the device in
the direction of the arrow III shown in Figure 2; 30    Figure 4 shows the
electrical arrangement of one part of the control device illustrated in
Figure 2; Figure 5 shows the electrical arrangement of another part of the
control device; and Figure 6 shows a modified form of the electrical
arrangement shown in Figure 5, while Figure 6A shows modifications made to
the control device to accommodate the modified electrical 35 arrangement.
The music synthesizer illustrated in Figure I comprises a voltage
controlled omcillator (VCO) 20 with two outputs (one providing a square
wave signal and the other providing a triangular wave signal) and having
both a range potentiometer 27, and two amplitude-control potentiometers
2S/28' (to attenuate the signals provided by the two outputs respectively)
and a voltage controlled filter 40 (VCF) 21. For the sake of clarity, only
one of the outputs of the VCO is shown. The VCO and VCF are arranged and
connected so that either or both can respond to a control voltage from a
frequency-control voltage source 22, for example, a potentiometer. The
output of the VCO and/or VCP is connected to a voltage controlled amplifier
(VCA) 23, which receives its control voltage from a trigger source 24. The
output of the VCA 23 is then passed through an output amplifier 45 29 to an
earphone 32, a recording device 31 or a power amplifier 30 followed by a
loudspeaker 26. This layout is based on that of the "Gnome" synthesizer,
manufactured by PAIA Electronics. In the case of the "Gnome" synthesizer,
the frequency-control voltage source 22 is a conductive probe which is
applied to a strip of resistive material, having its ends connected to a DC
voltage source, to tap off a desired frequency-control voltage. The trigger
source 24 is a simple push-button 50 switch. In order to operate the
"Gnome" synthesizer, the push-button switchtis depressed, the probe is
applied to the resistive strip and adjusted to produce a desired frequency,
and the: two amplitude control potentiometers are adjusted to produce the
desired volume output. The control device illustrated in Figure 2 enables
all three of these functions (triggering& frequency control and total
volume control) to be effected using the pressure of a single finger. 55
The control device comprises a base I which is connected by means of a
hinge 2 to an elongate  



1 530564 slat 3 of essentially rigid mnaterial. As shown, the slatis
horizontal, but it can be pivoted in the counter-clockwise direction (as
seen in Figure, 2) by applying finger pressure to the left-hand edge of the
slat. A tension spring 4 connected between the slat 3 .and the base .I
resists such pivotal movement of the slat and tends to restore it to its
horizontal position. 5 . The slat 3 is provided along the left-hand edge of
its upper surface with a frequency control strip '5 which is illustrated to
a greatly enlarged saale in Figure 2A. The frequency control strip
,QSyoinprises a metal strip, 6 secured by adhesive on its underside to the
upper surface of the slat 3, two lengths of spacer strip 7, for example
double adhesive tape, covering the edges of the metal strip 6 but leaving
the, central area exposed, a resistive strip comprising a length of
recording tape 10 8 having its edges secured to the spacer strips 7 of
double adhesive tape and having its magnetic emulsion on its under surface,
and a protective covering 9 of electrically non-conductive rayon ribbon.
Normally, the spacer strips 7 of double adhesive tape keep the recording
tape 8 spaced from the strip 6. However, when pressure is applied to the
covering 9, the recording tape 8 is pressed 15 onto the strip 6 and
establishes electrical connection therewith. The electrical arrangement of
the 'strip 6 and the tape 8, which constitute the active parts of the
frequency-control voltage source 22, is illustrated in Figure 4. Thus, the
opposite ends of the tape 8 are connected, through' a variable range
control resistor 10 and a diode drop 33 respectively to the positive and
negative poles of a D*C voltage source. The metal strip 6 effectively
constitutes 20 a wiper contact which taps off from the tape 8 a voltage
dependent upon the. position along the slat 3 at which pressure is applied
to the covering 9, and applies that voltage to the VCO and/or VCF of the
electronic music synthesizer.'. The recording tape actually used is Scotch
No. 208 having a resistance of about 50,000 ohms/ inch. The tape is bridged
with a resistor in order to render more linear the relationship between 25
the frequency and position, along the tape, at which contact is made when
the control device is connected to the circuitry of the "Gnomese
synthesizer. The slat 3 carries, near its right edge as shown in Figure 2,
a pair of light-emitting diodes 11 and 12, (each an Archer 276-091 having a
point. source and'a clear lens) and the base I carries two light detectors
13. and 14 mounted to receive the light output from the LEDs 11 and
12.respect- 30 ively.      : '   ..   . -,    -            '   : The
electrical atrangement of the LEDs 11 and 12 and the light detectors 13 and
14 is shown . in Figure'5. The light detector 13 is a light dependent
resistor which constitutes the active part of a variable attenuator which
is connected across the output of the output amplifier 29. The LDR 13 is
connected in a T-network with two resistors which are included in order to
compensate for 35 the low light output of the LEDi 1. Without the
resistors, the maximum attenuation obtained may be lower than desired. The
need for the resistors could be avoided by using a brighter light * source
I or a more sensitive light sensor 13. The light detector 14ks a
photodiotde (Archer 276-1602) which is connected to a Schmitt trigger
circuit 15 comprising an integrated circuit pack of-type 555 connected so
as to function 40  as a Schmitt trigger. The &rtput o the Schmitt trigger
circuit 15 is connected through an opto- isolator, comprising a
light-emitting diode 16 (Archer 276-047 jumbo LED with a diffused lens) and
a light dependent resistor 17, to the terminals of the synthesizer's
trigger switch. When the slat 3 is in the position shown in Figure 2, the
light beams of the LEDs 11 and 12 are beamed full.onto the light detectors
13 and 14 respectively. Thus, the LDR 13 has a minimal 45 resistance and
the, synthesizer's audio output is effectively short-circuited. The
photodiode 14 is highly conductive, and accordingly its anode/cathode drop
is low. The Schmitt trigger circuit 15 -is set to provide a low output
under these circumstances. When the left-hand edge of the slat 3 is
depressed, the output beams from the LEDs 11 and 12 are not longer directed
full onto the light detectors 13 and 14, and accordingly the resistance of
the LDR 13 increases and the photodiode 50 14 becomes less conductive and
its anode/cathode drop increases. The trigger circuit 15 is so arranged
that when the left-hand edge of the slat has been slightly depressed,
through an initiating threshold position, the output of the trigger circuit
increases sharply to a high level and accord- 



ingly the LED 16 promptly illuminates the LDR 17, the resistance of which
drops sharply. The LDR 17 is the active. part of the trigger source 24,
replacing the. push-button switch employed in 55 the "GnomeS" synthesizer,
and illumination of the LDR has the effect of turning on the VCA 23    I
530'564 of the synthesizer. Reduction of the illumination of the LDR 13 has
the effect of decreasing the attenuation of the synthesizer's audio output,
thus increasing the amplitude of the output signal  . reaching the
earphones, recording device or loudspeaker. The Schmitt trigger circuit
15'is such that the terminating threshold position of the slat 3, Le., 5
the'position'through which the slat must move in order to cause the output
of the trigger circuit to return to its low value, lies between the
horizontal or null position of the slat and the initiating  -K threshold
position. However, with a different type of trigger circuit the initiating
threshold positiorj and the terminating threshold position may be
coincident. The VCA remains on for a predetermined time after the output of
the Schmitt trigger circuit 15 10 goes high and at the end of the
predetermined time the VCA is turned off, even if the Schmitt trigger
circuit output is still high, unless the VCA has a "sustain" switch which
is in the "on" position, in which case the VCA remains on so long as the
Schmitt trigger circuit has a high output and turns off when the output of
the trigger circuit goes low.                                       9 When
the VCA is on, the greater the counter-clockwise rotation of the slat 3,
thie greater is the 15 ultimate output amplitude of the synthesizer.
Accordingly, by applying pressure to the rayon ribbon 9 so as to rotate the
stat beyond its initiating threshold position, the VCA is switched on and
the VCO and/or VCF receives a frequency control voltage whose amplitude
depends upon the position at which pressure is applied to the rayon ribbon
9, and the amplitude of the synthesizer's audio output depends upon the
angle 20 through which the slat is rotated. Thus, by applying just one
finger to tie rayon ribbon 9, the operator of the synthesizer can
automatically trigger the VCA and can control continuously and
simultaneously the frequency and amplitude. The illustrated control device
provides the usual advantages of a linear controller oier a key- board,
including the capabilities of making swift and subtlechainges of intonation
and of, prodicing 25 a true vibrato (continuous fluctuating frequency)
while also maaking it possible 'to achieve a tremolo (continuous
fluctuating loudness) and also individual accents, crescendos, diminuendoes
and terrace dynamics. By carefully adjusting the VCO range potentiometer 27
and: the variable range control resistor 10 it is possible to produce a
particular three-octave chromatic scale on an' 18-inch control strip within
which, at that specific control setting, the space between two adjacent
notes on the 30 control strip remains almost constant throughout the entire
length of the control strip. This makes it possible to achieve tempered
chromatic scale pitches as easily using illustrated control device as when
using a keyboard unit. Figure 6 illustrates a modified' version of the
circuit shown in Figure 5. In Pigure 6, the LED 11 and the LbRl 13 are not
mounted on the slat 3 and the base I respectively but are fixed relative 35
to each other. Moreover, the LED 11 is connected across the.collector and
emitter of a transistor 18, the base of which is connected to'the cathode
of the photodiode 14. A further LED 19 (Archer 276-091 with point source
and clear lens) is connected in parallel with the ILED 11, and illuminates
a second photodiode 14' (Archer 276-1602). The LED '19 and the photodiode
14' form an opto-isolator and the photodiode 14' is connected to the
Schmitt trigger circuit 15 whose out- 40 put is connected to the
opto-isolator comprising the LED 16 and the LDR 17. A further distinction
between the Figure 6 arrangement and that of Figure 5 is that in the case
of Figure 6 the LED 12 and the photodiode 14 are so disposed that the
illumination of the photodiode is increased as the angle of rotation is
increased (as illustrated in Figure 6A), and therefore the anode/cathode
drop across the photodiode 14 is decreased'until the left-hand edge 45 of
the slat 3 is depressed as far as it will go. The transistor 18 serves as
an inverter,'and accordingly as the illumiiation of the photodiode 14
increases the illumination of tlhe LDR 13 and the photodiode 14' by the
LEDs 11 and 19 respectively decreases. Thus, the' effect of the counter-
clockwise rotation of the slat on the resistance of the LDR 13 and
resistance of the LDR 17 is the 



same in the case of Figure 6 as in the case of Figure 5. 50    This more
complex circuit has the advantage that it eliminates the need to coordinate
the          I positions of two different light sources on the movable
slat. The purpose of the opto-itolators 16/17 and 19/14' isto eliminate
fqedback or leakage between the various stages of the device.  - It will be
appreciated that the photodiodes 14 (Figures 5 and 6) and 14' (Figure 6)
could, if 55 desired, be replaced by light dependent resistors. '    1 530
564                                       5 In a further modification of
the control device, the source (s) and sensor (a) are mounted in relatively
fixed positions and a moving shutter controlled by the angular position of
the slat is used to vary the intensity 'of the light beam received by the
(or eidi) sensor. The source/sensor pair (s) employed in Figures 2 to 5 and
6 could be replaced by non-opticai 5 means. For example, each signal source
could be replaced by a magnet and each signal sensor by a - field coil; or
each sensor could be replaced by a piezouelectric device and each source by
means for I' ipplying pressure to the associated piezo-electric device. It
is to be understood that the invention is not limited to the specific
constructions shown and described, as it will be apparent to those skilled
in the art that changes may be made without 10 departing from the invention
as defined in the appended claims. WHAT I CLAIM IS:- 1.   An electrical
control device comprising a base member, an elongate support member mounted
so as to be movable with respect to said base member, and an elongate
resistive member supported by and extending along the length of the support
member, movement of the support 15 member with respect tothe base member
being accompanied by movement of the elongate resistive member transversely
of its length with respect to the base member, and the device also
comprising biasing means to bias the support member against movement which
is accompanied by movement of the resistive member away from a null
position in one direction transversely of its length, and a sensing
electrode which can be moied so as to contact the resistive member at a
position 20 intermediate its ends when said ends are connected to opposite
respective poles of a voltage source to tap off a voltage which is
selectively variable by varying the position along the support member at
which the sensing electrode contacts the resistive member, contacting of
the sensing electrode to the resistive member tending to bring about
movement of said resistive member with respect to said base member in said
one direction, in opposition to said biasing means, and the device also 25
comprising position pick-up means having a first part connected to said
support member and a second part connected to said base'member, said parts
being arranged and connected to generate an electrical analog signal
dependent on the position of said resistive member with respect to said
base member, and the device also being provided with means for generating a
predetermined response when said resistive member is moved from said null
position through an initiating thres- 30 hold position against said biasing
means and for terminating said predetermined response when said resistive
member is returned from beyond said initiating threshold position towards
said null position through a termination threshold position. 2.   A device
as claimed in claim 1, wherein said position pick-up means are optical, one
of said parts comprising light source means and the other of said parts
comprising light sensor means. 35    3.   A device as claimed in claim 2,
wherein said light source means comprise a light emitting diode and said
light sensor means comprise a light dependent resistor. 4.   A device as
claimed in claim 1 or 2 wherein said means for generating a predetermined
response comprise second position pick-up means having a first part
connected to said support member and a second part connected to said base
member, said parts being arranged 'and connected 40 to produce an analog
signal, and trigger circuitry connected to receive said analog signal
produced by said second position pick-up means and provide a digital
response when the analog signal received thereby indicates that the
resistive member has moved from before said termination thres- hold
position through said initiating threshold position and to terminate said
digital response when the analog signal received by the trigger circuitry
indicates that the resistive member has moved 



45 from beyond said initiating threshold position through said termination
threshold position. 5.   A device as claimed in claim 4, wherein said
second position pick-up means are optical, one of said parts comprising
light source means and the other of said parts comprising light sensor
means. 6.   A device as claimed in claim 5, wherein said light source means
comprise a light emitting 50 diode and said light sensor means comprise a
photodiode. 7.   A device as claimed in claim 1, wherein said means for
generating a predetermined response comprise trigger circuitry connected to
receive said analog signal and provide a digital response when the analog
signal indicates that the resistive member has moved from before said
termination threshold position through said initiating threshold position
and to terminate said digital response 55 when the analog signal indicates
that the resistive member has moved from beyond said initiating    . ..  1
530 564 In a further modification of the control device, the source (s) and
sensor (a) are mounted in relatively fixed positions an ia moving
shutter.controlled by the angular position. of the slat is used 'to vary
the intensity of the fight beam received by the (or. each) sensor. The
sourcelsensor pair (a) employed in Figures 2 to 5 and 6 could be replaced
by non-optical 5 mneans. For example, 'each signal source could be replaced
by a magnet and each 'signal sensor by a- -i  feld coil; or each sensor
could' be replaced by a piezo electric device and each source by means for
'%.jspplying pressure to the 'associated piezo-electric device. -- It is
tohe understoodthat the 'invention is not limited to: the
specific.constructions shown and described, as it will be apparent to those
skilled in the art that changes may be made without 10 departing from the
invention as defined in the appended claims. WHAT I CLAIM IS:- 1.   An
electrical control device comprising a base member, an elongate support
member 9          mounted so as to be movable with respect to said base
member, and an elongate resistive member supported by and extending along
the length of the support member, movement of the support 15 member with
respect to the base member being accompanied by movement of the elongate
resistive member transversely of its length with respect to the base
member, and the device also comprising biasing means to bias the support
member against movement which is accompanied by movement of the resistive
member away from a null position in one direction transversely of its
length, and a sensing electrode which can be moved so as to contact the
resistive member at a position 20 intermediate its ends when saiddends are'
connected to opposite' respecive poles of a voltage source to tap off a
voltage which is selectively. variable by varying the position along the
support member at which the sensing electrode 'contacts the resistive
member, contacting of the sensing electrode to the resistive member tending
to bring about movement of said resistive member with respect to .said base
member in said one direction, in opposition to said biasing means, and the
device also 25 comprsing position pick-up'means having a first fart
connected to said support member and a second part connected to said base
member, said parts being arranged and connected to generate an electrical
analog signal delkndent on the position of said resistive member with
respect to said base member, and the device also being provided with means
for generating a predetermined response when'said resistive member is moved
from said null position through aninitiatingthres- 30 hold position against
said biasing means and fbr terminating'said predetermined response when
said reistive member is returned from beyond said initiating threshold
position towards said null position through a termination threshold
position. ' 2.   A device as claimed in'caim 1, wherein said position
pick-hp means are optical, one of said parts comprising light source means
and the other of said parts' comprising light sensot means. -    35    3.
A device as claimed fi claim 2, wherein said Tight source means comprise a
light emittint diode and said light sensor means comprise a light dependent
resistor. -4.  :A device as claimed in claim I or 2 wherein said means for
generating a predetermined response comprise second position pick-up means
having a first part connected to said support member and a second part
connected to said base member, said parts being arranged and connected 40
to produce an- analog signal, and trigger circuitry connected to receiv
said analog signal produced 



by said second position pick-up means and provide a digital response when
the analog signal' received thereby indicates that the resistive member
has'nmoved from before said termination thres- hold position through said
initiating threshold position and to terminate said digital response when
the analog signal received by the trigger circuitry indicates that the
resistive member has moved 45 from beyond said initiating threshold
position through said termination threshold position. 5.   A device as
claimed in 'claim 4, wherein said second position pick-up means are
optical, one of said parts comprsing light source means and the other of
said parts comprising light sensor means. A              6.   A device as
claiiied in claim 5, wherein said light source means conmprise a light
emitting *        50 diode and said'light sensor means comprise a
photodiode. 7.   A- device as claimed in claim 1, wherein said means for
generating a predetermined response comprise trigger circuitry connected,
to receive said analog signal and provide a digital response when the'
analog signal indicates that the resistive member has moved from before
said termination threshold position through said initiating threshold
position and to terminate said digital response 55 when the analog signal
indicates that the resistive member has moved -from beyond said initiating
* ~~~~ ~~~~~~~~~~~~~~ ,                  1    i 11111i11111 1111111
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threshold position through said termination threshold position. 8..  A
device as claimed in any preceding claim, wherein said sensing electrode
comprises a strip of conductive material extending adjacent to but spaced
from said resistive member, and said resistive member is flexible. so that
it can be pressed into electrical contact with said strip of 5 conductive
material.           ,              .             .         -
of 9.   A device as claimed in any preceding claim, wherein said initiating
threshold position is  . substantially the same as said termination
threshold position.- 10. A device as claimed in any one of claims 1 to 8,
wherei said initiating threshold position lies beyond said termination
threshold position. 10   111. An electronic musical instrument, comprising
a control device as claimed in- any preceding claim, means connected to
said sensing electrode to generate an electrical signat a frequency
dependent on the voltage tapped off from the resistive member by the
sensing electrode, amnplifyig means connected to receive said electrical
signal and operative to amplify said electrical signal if said
predetermined response is generated, and amplitude modifying means
connected to receive the 15 amplified electrical signal from said
amplifying means and modify its amplitude in dependence upon the voltage
value of said analog signal. 12.  An electrical control device,
substantially as hereinbefore described with reference to, and as iustrated
in, Figures 2, 2A, 3, 4 and 5, or Figures 2, 2A, 3, 4, 6 and 6A, of the
accompanying drawing.       'om'.ny'
g 20    13.  An electronic musical instrument, substantially 'as
hereinbefore descried wi  reference to, and as illustrated in Figures 2,
2A, 3, 4 and 5, or Figures 2, 24, 3, 4, 6 and '6A, of the accompanying
drawings. Agents for the Applicants: LANGNER PARRY Chartered Patent Agents,
High Holborn House, 52-54 High Holborn, London, WCIV 6RR. Printed by Her
Mhesty's Stationery Office, Reprographic Centre, Basildon, Essex, 1978.
Published at the Patent office, 25 Southampton Buildings, London, WC2A lAY,
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