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57 ABSTRACT 
A method and apparatus for electrically producing 

musical sounds wherein a cavity resonator is formed 
by a hollow body defining a cavity having a constant 
configuration with a small opening communicating 
with the oral cavity of the mouth of a player and a 
change in the size of the oral cavity changes the reso 
nant frequency and thereby the fundamental fre 
quency of the sound produced. A vibrating cone in a 
closed chamber produces sound waves in the cavity 
resonator. An electric amplifier is driven by electric 
oscillations corresponding to monitored sound energy 
from the cavity resonator and the amplified oscilla 
tions are coupled back to the vibrating member to sus 
tain the motion of the vibrating member. In one form, 
a coil on the vibrating cone and moving there with is 
wrapped on a portion of a magnet producing a back 
emf to monitor the sound waves in the cavity resona 
tor and also convert the amplified electric oscillations 
received from the electric amplifier to a physical oscil 
latory force to drive the vibrating cone. In another 
form a second sensing coil is mounted on the vibrating 
cone to move therewith and is inductively coupled to 
the first coil and magnet to monitor the sound energy. 
A pressure sensitive volume control facilitates control 
of the amplitude of the sound output with breath pres 
sure. A range multiplier provides a three octave sound 
range. In yet further forms, a microphone may be 
mounted either in a closed chamber part of the cavity 
resonator opposite the mouthpiece or in a chamber 
portion of the cavity resonator adjacent and in com 
munication with the mouthpiece to monitor the sound 
waves therein and provide corresponding electric os 
cillations that will drive the electric amplifier. 

26 Claims, 11 Drawing Figures 
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ORAL CAVITY CONTROLLED ELECTRONIC 
MUSICAL INSTRUMENT 

FIELD OF THE INVENTION 

This invention relates to musical instruments and 
more particularly to novel and improved electric musi 
cal instruments of the type disclosed in an earlier U.S. 
Pat. No. 3,730,046. 

BACKGROUND OF THE INVENTION 

In the earlier U.S. Pat, No. 3,730,046 of which the 
present applicant is patented there is disclosed a musi 
cal instrument having, in general, a cavity resonator 
coupled as an acoustic load across the input and output 
of an electric amplifier in a closed loop so that the mu 
sician's oral cavity determines the fundamental fre 
quency of oscillations of an electronic audio oscillator. 
The cavity resonator is comprised of a hollow body or 
casing with an inner cavity wherein the vibrating cone 
of a loudspeaker forms one wall thereof opposite the 
mouthpiece and the sounds produced by the vibrating 
member are emitted directly form the vibrating cone 
into the surrounding atmosphere. This form utilizes an 
acoustical channel or tube on the front side of the vi 
brating cone positioned as close to the oral cavity as 
possible for transmitting sound waves produced by the 
vibrating cone so that they may be monitored by a mi 
crophone which in turn converts the sound energy to 
corresponding electric oscillations that are applied to 
the input of an electric amplifier. There are drawbacks 
in monitoring the sound waves outside the cavity reso 
nator including the positioning of the microphone and 
differences in phase and amplitude of the sound being 
used in the feedback loop to sustain the generation of 
sound in the cavity resonator. In the use of the vibrating 
cone as a wall of the cavity resonator, it has been found 
that it is difficult to equalize pressure on the vibrating 
cone. In a second embodiment shoown in the above 
mentioned earlier patent, the hollow body encloses the 
vibrating cone and the vibrations are monitored by the 
microphone via an air channel off the mouthpiece and 
are applied to the electric amplifier with the output of 
the electric amplifier being applied to a separate 
speaker which converts the electric oscillations to cor- 45 
responding sound waves. 
Accordingly, it is a general object of this invention to 

provide improvements and modifications in the electric 
music apparatus and methods of the earlier U.S. Pat. 
No. 3,730,046. 
Another object of this invention is to provide forms 

of the present invention that eliminates the necessity of 
a microphone. 
Yet, a further object of this invention is to provide 

improved methods and apparatus for providing musical 
sounds that includes the provision of a pressure sensi 
tive volume control that permits the operator to control 
the amplitude of the sound output with breath pressure 
and a range multiplier that permits the instrument to 
have a three octave range. 
Yet another object of this invention is to provide a 

method and apparatus for producing musical sound in 
which the sound energy is monitored directly within a 
cavity having a constant configuration and source of 6 
sound energy. - 
Other objects, advantages and capabilities of the 

present invention will become more apparent as the de 
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2 
scription proceeds taken in conjunction with the ac 
companying drawings, in which: 
FIG. 1 is a schematic circuit diagram of an electric 

musical instrument embodying features of the present 
invention; 
FIG. 2 is a side elevation view of the basic elements 

of a loudspeaker that may be utilized as the vibrating 
member, coil and magnet in the circuit diagram of FIG. 

; 
FIG. 3 is a schematic circuit diagram of a differential 

amplifier that may be utilized in the circuit of FIG. 1; 
FIG. 4 is a schematic circuit diagram of a transformer 

that may be utilized in the circuit of FIG. 1; 
FIG. 5 is a schematic block diagram of a range multi 

plier that may be utilized in the circuit of FIG. to ac 
complish a range of sound output of three octaves; 
FIG. 6 is a side elevation view of a volume control 

transformer and associated pressure chambers that 
may be used in the circuit of FIG. 1; 
FIG. 7 is a schematic circuit diagram of another form 

of electric musical instrument embodying features of 
the present invention utilizing a separate sensing coil 
on the loudspeaker cone; 

FIG. 8 is a side elevation view of the loudspeaker 
with the separate sensing coil in the circuit of FIG. 7; 
FIG. 9 is a null circuit that may be used for the circuit 

of FIG. 7; 
FIG. 10 is yet a modified form of electric musical in 

strument using a microphone in the closed chamber op 
posite the cavity resonator to monitor the sound energy 
therein; and 
FIG. 1 1 is a modified form of electric musical instru 

ment using a microphone in the rear chamber of the 
cavity resonator to monitor the sound energy. 
Referring now to the drawings, in FIG. 1 there is 

shown one form of the present invention which in gen 
eral is comprised of a cavity resonator generally desig 
nated by numeral 11 operatively coupled as an acoustic 
load across the input and output of an electric amplifier 
12 in a closed loop to form in effect an electronic audio 
oscillator. The basic function of the electric amplifier 
is to add sufficient electric energy to the system which 
is transformed into a physical force to sustain the oscil 
lations of the vibrating member 21 in the cavity resona 
tor. The cavity resonator 11 is formed by a hollow body 
or casing 13 having opposed top and bottom walls 14 
and 15, respectively, and opposed front and rear walls 
16 and 17, respectively, arranged in a box-like configu 
ration with an inner cavity that confines a mass of air 
and has a constant configuration communicating with 
the external surrounding air through a small opening in 
wall 16 to form the cavity resonator which is also com 
monly known as a simple Helmholtz resonator. A tubu 
lar mouthpiece 18 is formed in the front wall 6 and is 
sized to receive the lips of a player of the instrument 
defining a restricted passage opening into the inner 
cavity through the opening in wall 16 so that with the 
wall forming the mouth of the player represented at 19 
there is provided an oral cavity. 
The cavity resonator as referred to herein is com 

prised of the inner cavity or chambers iia and 3a in 
the body 13 separated by the vibrating number 21, and 
the small opening in wall 16. The oral cavity space 1 lb 
and the inner cavity 1 a, 13a of the body may be con 
sidered as two different oppositely disposed cavity res 
onators joined by passage C. However for the pur 
poses of explaining and defining the present invention, 
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the cavity 1 1a and 13a having a constant configuration 
with the opening in wall 16 is referred to herein as the 
cavity resonator. The positioning of the player's oral 
cavity establishes a resonant frequency for the com 
bined cavity of fixed configuration and oral cavity that 
has a fundamental frequency established by the size of 
the musician's oral cavity. 
Within the hollow body 13 there is mounted the vi 

brating member 21 shown in the form of a speaker 
cone of a conventional loudspeaker that will produce 
mechanical vibrations which in turn produces sound 
waves in the cavity resonator 1 1. The sound waves pro 
duced by the vibrating cone reflect back and forth in 
the cavity resonstor 11 and oral cavity through the pas 
sage 11c at a resonant frequency. It is further noted 
that the rear wall 17 of the body 13 with the sppeaker 
cone 21 forms a closed chamber portion 13a of the cav 
ity resonator that has been found to be effective in 
equalizing pressure on both sides of the vibrating cone 
21. Since the oral cavity of the musician is in communi 
cation with the cavity resonator, as the size of the oral 
cavity changes, the resonant frequency of combined 
oral cavity and cavity resonator changes and in this way 
the acoustical load on the vibrating member is changed 
and the fundamental frequency of the sound output is 
changed. 
As best seen in FIG. 2, a voice coil 22 is wrapped on 

the inner tubular end portion 21a of the speaker and is 
affixed thereto the speaker to move conjointly there 
with which in turn is fitted inside a slot 23 in the magnet 
24. The combination of the cone, coil and magnet is 
structure that may be found in conventional loudspeak 
crs and a dynamic type loudspeaker is preferred. 

In the form shown in FIGS. and 2, the back and 
forth movement of the vibrating cone moves the coil in 
the magnetic field produced by the magnet to cause 
corresponding electric oscillations in the coil (com 
monly referred to as back emf). In this way the coil can 
be used to perform two functions. First, it is used to 
monitor the sound energy produced by the motion of 
the vibration cone 221 and secondly to convert electric 
oscillations produced at the output of the electric am 
plifier 12 to electric energy that will sustain the motion 
of the vibrating cone. The electric oscillations pro 
duced by the back emf in effect are small as compared 
to the amplified electric oscillations being applied to 
the coil from the feedback loop via the electric ampli 
fier 12. A particular advantage of this type of monitor 
ing of the sound energy using a coil attached to the vi 
brating member is there is no need to be concerned 
with the level or phase of the sound in the oral cavity, 
since it appears as an acoustic load to the vibrating 
member and causes its phase and amplitude to change 
when the size of the oral cavity is varied. 
Referring again to FIG. 1, the output of the electric 

amplifier 12 is shown as connected back to the un 
grounded side of the voice coil 22 via the bridge net 
work 26 described hereinafter to form a feedback loop 
to sustain the vibrating motion of the vibrating cone 21. 
In this way, the voice coil 22 in operative association 
with the magnet 24 and cone 21 in effect function as 
a transducer to convert the amplified electric oscilla 
tions back to mechanical vibrations in the cone 21 
which in turn produces sound waves in the cavity reso 
nator 11. When the electric signal from the output of 
the electric amplifier applied to the terminal of the 
voice coil via the bridge network 26 is of the fundamen 
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tal frequency the speaker cone displacement is greater 
than for any other frequency. Between the coil 22 and 
the input of the electric amplifier, there is shown in 
FIG. 1 a bridge network block 26 followed by a detec 
tor block 27. The coil, bridge network 26 and detector 
being enclosed in a dashed block 28 in the feedback 
loop generally representing a coupling between the 
cavity resonator and the input of the electric aplifier 
12. 
A range multiplier 31 is shown coupled to the output 

of the electric amplifier 12 to provide a three octave 
sound range for the instrument. The output of the 
range multiplier 31 is coupled via a volume control 32 
to an electric amplifier 33 which in turn is coupled to 
an output speaker 34 from which the output sound 
waves or musical sounds are emitted. A pneumatic pipe 
or tube 35 is shown coupled from an outlet 36 in the 
chamber 11a of the cavity resonator to an inlet 37 into 
the pressure chamber in the volume control 32 de 
scribed more fully hereafter to permit volume (i.e. out 
put sound amplitude) to be controlled by breath pres 
ST6. 

There are two circuits shown in FIGS 3 and 4 relating 
to the dashed block 28 of FIG. 1 either of which is suit 
able for detecting the back emf which again is monitor 
ing the sound energy produced by the motion of the vi 
brating cone 21. 
Referring first to FIG. 3, the bridge network used in 

both forms is comprised of two legs in parallel with one 
another, one leg having resistors R1 and R2 in series 
with one another and the other leg having a resistor R3 
and the coil 22 in series with one another with the com 
mon connection of R1 and R2 being connected to the 
input line 'a'and with with one side of resistor R2 and 
on side of the coil 22 connected to ground. A differen 
tial amplifier 38 has one input connected between re 
sistors R1 and R2 and another input connected bet 
weeen R3 and the coil 22. A capacitor C1 is connected 
across R1 to compensate for inductive reactance of the 
coil 22. The output line of the detector represented 
generally in FIG 1 is the output line of the differential 
amplifier 38 in FIG. 3. The ungrounded side of the 
voice coil is designated "c. 'Since the back emf signal 
is small compared to the signal being applied to the 
voice coil 22 by the electric amplifier 2 via bridge net 
work 26, it is detected by the differential amplifier 38 
and through the differential amplifier 38 applied back 
to the input through the differential amplifier 38 ap 
plied back to the input of the electric amplifier 12. The 
output line of the detector 27 is designated "b." ' 
As shown in FIG. 4, a transformer having a primary 

winding P and a secondary winding S with the primary 
winding having one side connected between R1 and R2 
and the other side connected between R3 and the coil 
22 and the secondary winding S will detect the smaller 
induced emf. In this form as with the form of FIG. 3, 
the components R1,R2 and R3 are selected such that 
the induced emf signal as seen at both sides of the 
transformer is nearly identical when the acoustic load 
ing on the speaker cone is neutral. At the resonant fre 
quency for the cavity resonator the back emf in the 
speaker coil unbalances the bridge and its output is 
greatly increased. This peak output becomes the fre 
quency of oscillation for the circuit of FIG. 4 (assuming 
all the phase errors around the loop have been cor 
rected). N 
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A more detailed block diagram for the range multi 
plier 31 is shown in FIG. 5. In this circuit there is pro 
vided a frequency multiplier 41 that multiplies the fre 
quency at the output of the electric amplifier 12 by 
three. Typically, the frequency of the electric oscilla 
tions at the output of the electric amplifier 12 will be 
of a square waveform as illustrated in the drawing and 
in the range of 350 Hz to 700 Hz so that the output fre 
quency of the frequency multiplier 41 ranges from 
1050 to 2100 Hz (but is still only one octave). 
The output of the multiplier 41 is mixed with a 30 

KHZ signal provided by a signal generator 42 in a first 
mixer stage 43. The outputs of the first mixer 43 consist 
of sum and difference frequencies as well as the origi 
nal frequency. For example, when the frequency multi 
plier output is 1050 Hz the sum frequency output is 
31,050 Hz the difference frequency is 28,950 Hz and 
there is also the 1050 Hz output. If a balanced modula 
tor is used the 30 KHZ signal does not appear at the out 
put of the first mixer 43. 
The output of the first mixer 43 is applied to a band 

pass filter 44 which permits only the 31,050 Hz to get 
through unattenuated. This 31,050 Hz signal is mixed 
with a 30.9 KHZ signal supplied by a second signal gen 
erator 46 in a second mixer 47 and only the difference 
frequency falls within the audio range. The output of 
the second mixer 47 is applied to an envelope detector 
48 to provide a relatively pure 150 Hz output from the 
envelope detector 48. If the output from the frequency 
multiplier 41 is increased to 2,100Hz the output of the 
envelope detector 48 is 1,200 Hz is exactly three oc 
taves above the 150 Hz so that a three octave range is 
attained. The output of the envelope detector is cou 
pled to the volume control 32 described fully hereinaf 
ter. It is understood that the range multiplier 31 could 
multiply by other than an even integer and is in effect 
an electric amplifier that amplifies to the extent re 
quired for a particular sound range. 

Referring now to FIG. 6, the volume control 32 com 
prises a hollow body with opposed spaced upright walls 
52 and 53 with a separate secondary winding coil desig 
nated SW 1 and SW2 mounted on each wall 52 and 53, 
respectively. The primary winding PW is mounted on 
a flexible elastic membrane 54 which divides the hous 
ing into two chambers designated A and B of equal vol 
ume with the air pressure from the cavity resonator 11 
being coupled into chamber A via inlet 37. The coils 
are wound in a spiral fashion so as to be in the shape 
of a disc when completed. The volume control trans 
former is in effect an air core transformer and move 
ment of the membrane 54 in relation to the air pressure 
moves the primary winding PW in relation to the secon 
dary winding SW1 and SW2 that are connected in se 
ries with one another and in this way the electric output 
from the secondary windings change. 
More specifically, the primary winding PW is physi 

cally located at a neutral postion midway between the 
secondary windings SW1 and SW2. The two secondary 
windings are wound in opposite directions and have op 
posing voltages induced therein from the primary wind 
ing PW at the neutral postion. When the musician 
changes the relative position of the primary winding 
PW relative to the secondary winding as by inhaling or 
exhaling, there is an unbalancing of the voltage in the 
secondary windings Sw1 and Sw2. - 
With the volume control 32 the instrument can be 

operated without a pressure actuated switch. The oscil 
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6 
lations in the control loop are allowed to run continu 
ously, but since the vibrating cone 21 is completely en 
closed, this signal is barely audible. The operator is able 
to separate one note from the next by sudden increase 
in breath pressure which moves the primary winding 
PW on and off a null point at the vertical position. 

It will be noted that this system can be operated by 
both inhaling and exhaling since the volume control 
transformer is “bipolar." This arrangement reduces the 
amount of condensation on the speaker cone and al 
lows a more continuous flow of music than the form in 
the earlier patent since the musician need not stop to 
catch a breath. 

OPERATION 

In a full sequence of operation for the instrument 
above described with reference to FIGS. 1 through 6 
inclusive, the resonant frequency and thereby acoustic 
load and the fundamental frequency of the sound out 
put is established in the cavity resonator 11 by the size 
of the oral cavity 19. The vibration of the vibrating 
cone 21 produces sound waves in the cavity resonator 
which are monitored by the coil 22 which produces a 
back emf in the form of electric oscillations that are ap 
plied via the bridge 26 and the detector 27 to the input 
of the electric amplifier 12, amplified and applied back 
to coil 22 and in co-operation with the magnet the am 
plified electric oscillations are transformed to an oscil 
latory physical force that is applied to the vibrating 
cone 21 to sustain its vibratory movement. The output 
of the elastic amplifier 12 is also applied to the range 
multiplier 31 providing a three octave range output 
which is coupled to the input of the electric amplifier 
33 via the volume control transformer and then to an 
output speaker 34 which emits the sound into the atmo 
sphere. A change in the pressure in the volume control 
from breath pressure in the cavity resonator will 
change the amplitude of the output sound from the 
speaker 34. 

OTHER EMBODIMENTS 

Referring now to FIGS. 7 and 8, there is shown an 
other form of arrangement for monitoring the sound 
energy produced in the cavity resonator 11. In this 
form there is provided a second sensor coil 58 affixed 
to the front side of the vibrating cone 24 in a substan 
tially coaxial alignment with the voice coil 22 in the slot 
23 of the magnet 24. The sensor coil 58 has one side 
connected to the input of the electric amplifier 12 and 
the other side connected to ground and is in the magnet 
field of the magnet. Any back and forth motion of the 
vibrating cone will therefore induce electric oscilla 
tions in the sensor coil 58 which oscillations are applied 
to the input of the electric amplifier 12. In this way the 
sensor coil functions to monitor the sound energy pro 
duced by the motion of the vibrating member and pro 
vided corresponding electric oscillations. 

It is noted that the alternating magnetic field pro 
duced by current in the coil 22 will also produce elec 
tric oscillations in the sensor coil 58 but it has been 
found these are usually not significant. In the event it 
is desired to null out such electric oscillations produced 
by current in coil 22, these can be nulled out by cir 
cuitry shown in FIG. 9, which comprises a parallel cir 
cuit comprised of resistors R5 between coil 22 and 
ground and R6 and R7 between coil 22 and ground, 
and resistors R6 and R7 being connected across resis 
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tor R5. A resistor R8 is connected between coil 58 and 
ground. A capacitor C2 is connected between coil 58 
and resistor R6. 

In the operation of the null circuit there is a sample 
of the current in the voice coil 22 across resistor R5. 
The amount of magnetic coupling between coils 22 and 
58 is a function of the current in coil 22. Across resis 
tors R6 and R7 the voltage is tapped, which voltage is 
equal and opposite to the magnetically induced voltage 
which in turn is added in opposite phase via capacitor 
C1 back to coil 58 to null out the magnetically induced 
voltage in coil 58. 
Referring now to FIG. 10, it is appreciated that in 

stead of using the coil 22 or the sensing coil 58 as a 
means to monitor sound energy, a microphone 61 may 
be used that is mounted on the rear wall 17 in the rear 
chamber of the housing. The microphone functions as 
a transducer to produce corresponding electric oscilla 
tions that are coupled back to the input of the electric 
amplifier. Finally, it should be observed that as shown 
in FIG. 11, the microphone is not limited to chamber 
13a but a microphone 62 may be mounted on the front 
wall 16 in the chamber 11a in the resonant cavity to 
monitor sound energy with the electric output of the 
microphone 62 being coupled back to the input of the 
electric amplifier 12. 
From the foregoing, it will be appreciated that there 

is disclosed herein several approaches to or methods of 
monitoring the sound energy produced by the motion 
of the vibrating cone and specifically directly within the 
cavity having a constant configuration and providing 
corresponding electric oscillations. In the earlier U.S. 
Pat. No. 3,730,046 this was accomplished by locating 
the microphone on the front or mouthpiece side of the 
vibrating cone via an air channel leading from the 
mouthpiece as close to the oral cavity as possible and 
detecting sound waves resulting from the mechanical 
vibrations of the vibrating cone. In the form of FIGS. 
1 through 4 of the present invention application, the 
monitoring is accomplished by using the coil associated 
with the vibrating cone and more specifically, the voice 
coil of the loudspeaker attached to the speaker and lo 
cated in the side of the closed chamber opposite the 
mouthpiece along with a bridge and detector. In the 
form of FIGS. 7through9, the auxiliary or second sens 
ing coil is physically affixed to the vibrating cone on the 
same side as the mouthpiece and is inductively coupled 
to the magnet to perform this monitoring function. Fi 
nally, it is appreciated from the embodiments of FIGS. 
10 and 11 that a microphone may be installed either in 
the closed chamber opposite the vibrating cone or in 
the cavity resonator chamber opposite the oral cavity 
to accomplish this monitoring function. The monitor 
ing of the sound energy may be considered as detecting 
the resonant frequency, the fundamental frequency, or 
the acoustic load on the vibrating member which, or 
course, changes with the size of the oral cavity of the 
player. In each instance it should be appreciated that 
in the present invention the monitoring of the sound 
energy is directly within the cavity formed by hollow 
body 11 which has a constant configuration for confin 
ing a mass of air and communicating with external sur 
rounding air through a small opening in wall 16 to form 
a cavity resonator. This sound energy can be monitored 
so that it is substantially directly in phase with the vi 
brations of the mass of air so there is essentially no 

5 

O 

20 

25 

35 

40 

50 

55 

60 

65 

8 
phase shift when that energy is returned to sustain the 
oscillations of the vibrating member. - 
Although the presnet invention has been described 

with a certain degree of particularity, it is understood 
that the present disclosure has been made by way of ex 
ample and that changes in details of structure may be 
made without departing from the spirit thereof. 
What is claimed is: 
1. In a method of electrically producing musical 

sound, the steps of: 
confining a mass of air in a first cavity having a con 

stant configuration communicating with external 
surrounding air through a small opening to form a 
cavity resonator, 

placing the lips of a player over the opening and set 
ting the size of the player's oral cavity to establish 
a selected resonant frequency for the combined 
first cavity and oral cavity, 

vibrating the confined mass of air in the first cavity 
to generate sound energy that is transmitted back 
and forth through the small opening between the 
first cavity and the oral cavity, 

monitoring the sound energy directly within said first 
cavity to produce electric oscillations correspond 
ing to the monitored sound energy and substan 
tially in phase with the vibrations of the mass of air 
in the first cavity and at the same time transforming 
amplified electric oscillations to an oscillatory 
physical force capable of sustaining the sound en 
ergy in the first cavity, and 

amplifying the monitored electric oscillations prior to 
said transformation into electric oscillations. 

2. In a method of electrically producing musical 
sounds as set forth in claim 1 including the further step 
of changing the size of the oral cavity to change the res 
onant frequency of the cavity resonator and thereby 
the sound output. 

3. In a method of electrically producing musical 
sounds as set forth in claim wherein said monitoring 
and transforming steps are carried out simultaneously. 

4. In a method of electrically producing musical 
sounds as set forth in claim 1 further including the fur 
ther step of increasing the range of frequency of the 
monitored electric oscillations followed by the trans 
forming of the electric oscillations of increased range 
to corresponding sound waves in the atmosphere. 

5. In a method of electrically producing musical 
sounds as set forth in claim 1 further including the step 
of converting the monitored electric oscillations to cor 
responding sound waves in the atmosphere. 

6. In a method of electrically producing musical 
sounds as set forth in claim 5 further including the step 
of applying breath pressure to the first cavity to control 
the amplitude of the sound energy prior to converting 
the monitored electric oscillations to sound waves in 
the atmosphere. 

7. In a method of electrically producing musical 
sound, the steps of: 

confining a mass of air in a first cavity having a con 
stant configuration communicating with external 
surrounding air through a small opening to form a 
cavity resonator, 

placing the lips of a person over the opening and set 
ting the size of the person's oral cavity to establish 
a selected resonant frequency for the combined 
first cavity and oral cavity, 

passia 
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vibrating the confined mass of air in the first cavity 
to generate sound energy that is transmitted back 
and forth through the small opening between the 
first cavity and the oral cavity, 

monitoring the sound energy directly within said first 
cavity to produce electric oscillations correspond 
ing to the monitored sound energy and substan 
tially in phase with the vibrations of the mass of air 
in the first cavity, 

amplifying the monitored electric oscillations, and 
transforming the amplified electric oscillations to an 

oscillatory physical force that is applied to the mass 
of air in the first cavity to sustain the sound energy 
in the first cavity and oral cavity. 

8. In an electric musical instrument, the combination 
comprising: 
a hollow body defining a first cavity having a constant 
configuration for confining a mass of air and com 
municating with external surrounding air through 
a small opening in the body to form a cavity resona 
tor, said body having a mouthpiece forming a pas 
sage into the first cavity through said small open 
ing, said mouthpiece being adapted to receive the 
lips of the player so that with the oral cavity of the 
mouth of the player of the instrument there is 
formed a resonant frequency for the combined first 
cavity and player's oral cavity, . 

a vibrating member in the first cavity for vibrating the 
confined mass of air to generate sound energy that 
is transmitted back and forth between the first cav 
ity and the oral cavity through the small opening, 

means for monitoring the sound energy directly 
within said first cavity to produce electric oscilla 
tions corresponding to the monitored sound energy 
and substantially in phase with the vibrations of the 
mass of air in the first cavity and providing corre 
sponding electric oscillations to an oscillatory 
physical force capable of sustaining the sound en 
ergy in the first cavity, and 

an amplifier for amplifying the monitored electric os 
cillations. 

9. In an electric musical instrument as set forth in 
claim 8 wherein said vibrating member is the cone of 
a loudspeaker having a voice coil affixed to the cone 
and a magnet adjacent the cone on which the voice coil 
is wrapped. 

10. In an electric musical instrument as set forth in 
claim 8 wherein said vibrating member is mounted in 
said body and divides the body so there is a closed 
chamber opposite the mouthpiece to equalize the pres 
sure on the vibrating member. 

11. In an electric musical instrument as set forth in 
claim 8 further including a second electric amplifier to 
amplify the output of the first mentioned amplifier and 
a loudspeaker coupled to the second electric amplifier 
to convert the amplified electric osciallations to corre 
sponding sound waves in the atmosphere. 

12. In an electric musical instrument as set forth in 
claim 9 wherein said voice coil and magnet function to 
both monitor the vibrations of the vibrating cone and 
transform amplified electric oscillations to the oscilla 
tory physical force. 

13. In an electric musical instrument as set forth in 
claim 12 further including a bridge circuit coupled be 
tween the voice coil and the input of said electric am 
plifier and detector means coupled to the bridge 
whereby a resonant vibrating condition in the cavity 
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resonator causes an unbalance in the bridge that is de 
tected by the detector. 

14. In an electric musical instrument as set forth in 
claim 13 wherein said detector means is a differential 
amplifier. 

15. In an electric musical instrument as set forth in 
claim 13 wherein said detector means is in the form of 
a transformer having a primary winding and a secon 
dary winding. 

16. In an musical instrument as set forth in claim 9 
further including a sensing coil affixed to the vibrating 
cone and inductively coupled to a magnet, said sensing 
coil being coupled to the input of said electric amplifier 
to monitor the sound energy produced by the vibra 
tions of the vibrating cone and provide corresponding 
electric oscillations. 

17. In an electric musical instrument as set forth in 
claim 16 wherein said voice coil is driven by the ampli 
fied electric oscillations at the output of said electric 
amplifier. 

18. In an musical instrument as set forth in claim 17 
including a null circuit associated with said voice coil 
and sensing coil to null out unwanted oscillations in the 
sensor coil produced by the voice coil. 

19. In an electric musical instrument as set forth in 
claim 8 further including a range multiplier means cou 
pled to the output of the electric amplifier to increase 
the range of frequency of the amplified monitored elec 
tric oscillations. 
20. In an electric muscial instrument as set forth in 

claim 19 wherein said range multiplier means includes: 
a frequency multiplier for multiplying the frequency 
of the electric oscillations at the output of the elec 
tric amplifier; 

a first signal generator for producing a first electric 
signal of a selected frequency, 

a first mixer for mixing the output of the frequency 
multiplier and said first signal generator to provide 
sum and difference outputs and the output of the 
electric amplifier; 

a band pass filter coupled to said first mixer to pass 
either the sum or difference frequency only; 

a second signal generator for providing a second 
electric signal; 

a second mixer for mixing the output of the band pass 
filter with said second electric signal to provide 
only a difference frequency output that falls within 
the audio range; and 

an envelope detector coupled to the second mixer to 
provide a relatively pure audio output signal. 

21. In an electric musical instrumnet as set forth in 
claim 8 further including a volume control means for 
controlling the amplitude of the electric oscillations 
from the electric amplifier. 
22. In an electric musical instrument as set forth in 

claim 21 wherein said volume control means includes; 
a hollow body with a pair of opposed walls; 
a flexible membrane dividing the hollow body into a 

pair of closed chambers; 
means coupling the air pressure in the cavity resona 
tor with that of one of said closed chambers; 

a transformer secondary winding mounted on each of 
said walls, and 

a transformer primary winding mounted on said 
membrane and normally disposed at a null position 
in relation to said secondary winding, the amplified 
electric oscillations at the output of said electric 
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amplifier being coupled to the primary winding 
whereby increases and decreases in the pressure in 
the closed chamber as a result of exhaling and in 
haling at the mouthpiece moves the primary wind 
ing to an off null position causing a change in the 
amplitude of the electric oscillations in the secon 
dary windings. 

23. In an electric musical instrument, the combina 
tion comprising: 

a hollow body defining a first cavity having a constant 
configuration for confining a mass of air and com 
municating with external surrounding air through 
a small opening in the body to form a cavity resona 
tor, said body having a mouthpiece forming a pas 
sage into the first cavity through said small open 
ing, said mouthpiece being adapted to receive the 
lips of the player so that with the oral cavity of the 
mouth of the player of the instrument there is 
formed a resonant frequency for the combined first 
cavity and player's oral cavity, 
vibrating member in the first cavity for vibrating the 
confined mass of air to generate sound energy that 
is transmitted back and forth between the first cav 
ity and the oral cavity through the small opening, 

transducer means including a coil wrapped on a por 
tion of said vibrating member to move therewith 
and a magnet with said coil wrapped around a por 
tion of the magnet to transform electric oscillations 
applied thereto to an oscillatory physical force ca 
pable of sustaining the motion of the vibrating 
member, 
microphone adjacent to the vibrating member and 
opposite from the mouthpiece to monitor the 
sound energy produced by the motion of the vibrat 
ing member and provide corresponding electric os 
cillations; and 

an electric amplifier driven by the monitored electric 
oscillations, the amplified electric oscillations 
being coupled back to said coil and transformed 
into oscillatory physical forces to sustain the mo 
tion of the vibrating member. 

24. In an electric musical instrument as set forth in 
claim 23 wherein said vibrating member is mounted in 
said body and divides said body so there is a closed 
chamber opposite the mouthpiece to equalize pressure 
O the vibrating member, said microphone being 
mounted in said closed chamber. 
25. In an electric musical instrument as set forth in 

claim 23 wherein said microphone is mounted in said 
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12 
first cavity. 

26. An electric musical instrument comprising: 
a hollow body defining a first cavity having a cnstant 
configuration for confining a mass of air and com 
municating with external surrounding air through 
a small opening in the body to form a cavity resona 
tor, said body having a mouthpiece forming a pas 
sage into the first cavity through said small open 
ing, said mouthpiece being adapted to receive the 
lips of the player so that with the oral cavity of the 
mouth of the player of the instrument there is 
formed a resonant frequency for the combined first 
cavity and player's oral cavity, 

a vibrating cone of a loudspeaker in the hollow body 
separating it into two chambers, said cone vibrating 
the confined mass of air in the cavity to generate 
sound energy, said loudspeaker having a voice coil 
affixed to an inner end portion to the vibrating 
cone and wrapped on a portion of a magnet, said 
voice coil and magnet monitoring the sound energy 
produced by the vibration of the vibrating cone and 
providing corresponding electric oscillations while 
at the same time transforming electric oscillations 
applied thereto to an oscillatory physical force ca 
pable of sustaining the motion of the vibrating 
member, 

an electric amplifier having an input and an output, 
a bridge circuit coupled to the voice coil having a de 

tector with the output of the detector coupled to 
the input of the electric amplifier, the output of the 
amplifier being coupled to the voice coil so that the 
voice coil and magnet transform the amplified elec 
tric oscillations to an oscillatory physical force to 
sustain the motion of the vibrating cone, 

a range multiplier coupled to the output of the elec 
tric amplifier to increase the frequency range of the 
amplified monitored electric oscillations, 

a volume control responsive to the breath pressure in 
the cavity resonator and coupled to the output of 
the range multiplier for controlling the amplitude 
of the electric amplifier in response to a change in 
breath pressure, 

a second electric amplifier to amplify the output of 
the volume control, and 

an output speaker coupled to the output of the sec 
ond electric amplifier to change the amplified elec 
tric oscillations to sound waves in the atmosphere. 
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