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In a method and apparatus for controlling musical 
sounds there is provided a housing with an inner cavity 
and a mouthpiece forming an air channel and a loud 
speaker cone for vibrating the air in the inner cavity for Reissue of: 
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1 

ORAL CAVITY SIZE CONTROLLED MUSICAL 
SOUND APPARATUS AND METHOD 

Matter enclosed in heavy brackets [ II appears in the 
original patent but forms no part of this reissue specifi-l 
cation; matter printed in italics indicates the addition 
made by reissue. - 

This invention relates to [electronic] musical in 
struments, and more particularly to _ [such an instru 
ment 1 a novel method and apparatus for controlling 
musical sounds in whichthe I basic tones] pitch or 
fundamental frequency of the musical sounds produced 
are [determined by 1 controlled by the size of the 
operator’s oral cavity. 

In whistling and singing, the size of the oral cavity is 
varied so as to resonate at various frequencies to pro 
duce a range of tones. [Various musical instruments 
have been devised in the prior art for making use of this 
capability. Such devices, however, generally involve, 
the introduction of an externally generated sound 
which is ?ltered or modulated by the oral cavity. ] 
There have heretofore been provided devices that produce 
musical sounds that in general have the sound altered by 
the size of the oral cavity of the player. There are known 
musical instruments such as the harmonica in which the 
oral cavity is used to alter the harmonic content of the 
notes produced. Another known prior art device is shown 
in US. Pat. No. 2,355,287 which involves the introduc 
tion of externally generated musical sounds into the oral 
cavity, the musical sounds being filtered or monitored by 
the player’s oral cavity and then emitted from the oral 
cavity. 
The l device 1 method and apparatus of this inven 

tion is a unique improvement over [such prior art 
devices in that the frequencies of the basic tones are 
determined by means of the oral cavity itself, with no 
external source of sound being involved. I known prior 
art method and apparatus in that sound energy is intro 
duced into the oral cavity of the player to obtain informa 
tion on the size thereof and this size information is moni 
tored in such a way that it produces a monitored signal 
capable of controlling the pitch of a sound generator that 
emits musical sounds so that the pitch of the sounds 
emitted by the musical sound generator are in a direct 
relation to the size of the oral cavity. This provides a 
unique acoustical effect not present in prior art devices 
in that the operator himself can determine the I basic 
generated tone I pitch of the musical sounds being emit 
ted into the atmosphere The device of the invention 

' further can be fabricated from a minimum-number of 
components which can be assembled at a relatively low 
cost. 

‘ It is therefore an object of this invention to provide a 
' unique musical sound apparatus and method and unique 
electronic musical instrument. 

It is a further object of this invention to enable the 
I formation of musical tones I regulation of the pitch 
of musical sounds by means of one’s oral cavity without 
the use of the vocal cords [ or an external sound 
source I . 

It ‘is another object of this invention to provide a 
unique electronic musical instrument which utilized the 
intuitive capacities of the operator’ Ii in forming 
tones J for controlling the pitch of musical sounds emit 
ted into the atmosphere. 
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Another object of this invention is to provide a novel 
method and apparatus using the acoustical character of 
the oral cavity of the player as the basis for controlling 
the pitch- of sounds emitted into the atmosphere. 
Other objects of the invention will become apparent 

as the description proceeds in connection with the 
accompanying drawings, of which: 
FIG. 1 is a perspective view illustrating one embodi 

ment of the device of the invention; . 
FIG. 2 is a view of the embodiment of FIG. 1 partially 

cross-sectioned to illustrate the various component 
thereof; _ -' 

FIG. 3 is a schematic drawing of the electrical and 
acoustical circuitry of the embodiment of FIG. 1; 
FIG. 4 is a view in partial cross-section of a second 

embodiment of the device of the invention; and 
FIG. 5 is a schematic drawing illustrating the electri 

cal and acoustical circuitry of the embodiment of FIG. 
4. . . 

Brie?y described, [the device of the invention is as 
follows: The cone of a loudspeaker is used to form one 
wall of an venclosure. A channel forming an acoustical 
path connects this enclosure to another enclosure in 
which a microphone is contained. A mouthpiece is 
inserted in this channel. An ampli?er is used to amplify 
the output of the microphone, the output of the ampli 
?er being connected to the speaker. An acoustical 
feedback path is thus formed between the speaker and 
the microphone. When an operator places his lips on 
the mouthpiece, he can determine the frequency of the 
feedback signals by varying the effective size and thus 
the resonant frequency of his oral cavity. It is thus 
possible to generate musical tones. ] in one form of the 
apparatus shown the cone of a loudspeaker in a housing 
open at one end is coupled to a ?rst tubular member 
terminating in a mouthpiece whereby the vibration of the 
cone introduces sound energy into the oral cavity of a 
player to obtain information on the size of the oral cavity 
and a second tubular member in ?ow communication 
with the ?rst tubular member adjacent the mouthpiece 
has a microphone which monitors the sound energy in 
the oral cavity and produces an output control signal. 
The output control signal contains information about the 
size of the oral cavity that is amplified by an electric 
ampli?er and coupled back via a feedback line to the coil 
of the loudspeaker to form an electric oscillator with the 
loudspeaker in the feedback loop of the electric oscillator 
toutilize the information on oral cavity size to control 
the pitch of the sound emitted by the loudspeaker. Since 
the oral cavity is acoustically coupled in the feedback 
loop of the electric oscillator a change in the size of the 
oral cavity changes the resonant frequency of the electric 
oscillator and thereby changes the pitch of the sound 
emitted by the loudspeaker via the .open end. A pressure 
responsive switch may be connected to the mouthpiece 
so that it is responsive to blowing pressure of the opera 
tor, this switch being placed either in the electrical or 
acoustical circuit so as to complete either of these 
circuits only when the operator is expelling air. 

In one embodiment of the invention the I tone out 
put I sound produced comes directly from the cone of 
the speaker utilized in the feedback circuit. In a second 
embodiment of the invention both sides of the speaker 
cone are enclosed by containing walls and the [ output 
tones are 1 sound produced is generated by taking the 
output of the amplifier in the feedback circuit and 
feeding this to another amplifier which drives a sepa 
rate loudspeaker. This second embodiment has the 
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advantage of permitting control of the amplitude and 
other qualities and characteristics of the pitch or tones. 
The definition of the term “pitch” as used herein is that 

which is commonly associated with musical sounds and 
refers to the fundamental frequency of the vibration. 

The de?nition of the term “tone” as used herein refers 
to any musical sound considered with reference to its 
quality, pitch, strength, etc. Tone also refers to the qual 
ity of sound. Quality of sound is a characteristic of a 
musical tone. It distinguishes a tone produced by one 
musical .instrument. Tone differs from pitch in that it 
includes overtones or harmonics of the fundamental 
frequency while pitch prefers only to the fundamental 
frequency. . . ' - . 

Referring now to FIGS. 1 and 2, one, embodiment of 
the device of the invention is illustrated.‘ Casing 11 
houses ampli?er circuitry and power source therefor 

Pressure-actuated switch 25 is housed in casing mem 
ber 27,.an air channel being formed between casing 27 
and enclosure portion 13b by means of tube member 
29. The contacts of pressure [actuated switch 25 are 
connected v‘in series‘ between .mircophone l7 and the 
ampli?er‘contained‘in housing 11, as shown schemati 
cally in‘ FIG. 3. Switch 25 may comprise any switch unit 
sensitive to air pressure, such as for example an elastic 
membrane 25a which closes contacts 25b and 25c in 
response to an air pressure signal. 

' ln operating the device, an operator 30 places his lips 
over mouthpiece‘ 21a and blows into the mouthpiece, at 
the same time [ forming 1 establishes a pitch and forms 
a tone to ‘be played with his oral cavity 30a. The oral 
cavity size is'varied [ as in whistling or singing to form 

' the tone 1 to‘ change the pitch of the musical sounds 

which may comprise batteries or an AC power supply ' 
for furnishing DC. Mounted on casing 11 is speaker 
housing 13. Speaker housing 13 includes a horn portion 
13a for acoustically aiding the transmission of the 
sound radiated by the rear surfaces of the speaker cone 
15a of ' speaker 15. Housing 13 further includes a 
speaker enclosure portion 13b which, with the front 
surface 15b of the speaker cone, forms an enclosure for 
the sound radiated by the front of the speaker. The rim 
portion 15c 'of the speaker is sealed to a ridge 13c 
which’ runs along the inner wall of the housing so that 
the speaker effectively forms a sealed wall of enclosure 
portion 13b. A pressure relief hole 13d is formed in 
enclosure portion 13b to permit a rapid reduction in 
pressure when the operator stops expelling airso the 
pressure actuated switch can open to end the note. 
A microphone 17, which may be of the dynamic type, 

is mountedin casing 19. An air channel is provided 
between enclosure portion 13b and casing 19 by means 
of tube 21 which has ?uid vcommunications to the in 
side of enclosure portion 13b and tube 23 which pro 
vides ?uid communications between tube 21 and cas 
ing 19. The input portion 17a of microphone 17 faces 
towards the input of tube 23. Thus, an acoustical chan 
nel is formed between the output of speaker 15 and the 
input of microphone 17. A mouthpiece 21a is formed 
at the end of tube 21 for use in operating the instru 
ment. it is to be noted that tube 23 effectively provides 
a probe for transmitting soundenergy to the micro 
phone. a > . 

In this way the housing 13 and speaker cone 15a de 
?nes a cavity of a substantially constant con?guration 
for con?ning a mass of air and communicating with 
external surrounding air through a small opening leading 
into the tube 21 having the mouthpieceZI a at one end so 
as to form a cavity resonator inside the housing 13, The 
oral cavity of the mouth of the player 30a and cavity in 
housing I3 are thereby coupled by tube 2] so there is 
formed a resonant frequency for the combination of the 
two and when‘ the cone of the loudspeaker is vibrated as 
when the coil is actuated sound energy is transmitted 
back and forth between the cavity in housing 13 and the 
oral cavity 30a. . I . . . . 

For optimum results, the tube members 21 and 23 
should be as short as possible so as to minimize phase 
lag- in the acoustical path provided thereby» which 
would tend to limit the high frequency range .of the 
instrument; Further, microphone probe 23 should be 
connected to tube '21 as close to mouthpiece 2la.as 
possible, to most accurately re?ect the characteristics 
of the sound developed in the operator’s oral cavity. 

20 

being produced by the loudspeaker I 5 as a result of its 
connection in the feedback loop of the electric‘ oscillator 
circuit. The simultaneous blowing action provides a 
pressure ‘signal which ‘closes switch 25, providing an 
electrical pa‘thrfrom microphone 17 to ampli?er 33 
(see FlG. 3). The sound from the ampli?er is fed to 

' speaker 15 and an acoustical feedback path is provided 
' from the speaker to the microphone through tube:2l 
and microphone probe 23, resulting inoscillation. The 
frequency and acoustical characteristics of this oscilla- _ 

' - tion are determined by the acoustical resonance char 
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acteristics of‘ the oral cavity 30:, the operator being 
able to change these characteristics to produce various 
[ tone outputs I sounds." . 

It is to be noted that the speaker cone must-be sub 
‘stantially airtight so that air pressure can be built up on 
the front portions 15b thereof. Further the front por 
tion of the speaker cone should be waterproofed be 
cause of the high level of condensation that occurs 
within enclosure‘portion13b when the instrument is 
operated. It is further to be noted that electrical pres 
sure actuated switch 25 could be replaced by apressure 
actuated valve located in the acoustical feedback path, 
e.g., a flap valve located in tube 21 or microphone 
probe 23. ‘ ‘ 

Referring now to FIG. 3, the ?rst embodiment of the 
invention is schematically illustrated. The output of 
microphone l7 . passes through ‘pressure actuated’ 
switch 25 and thence is ampli?ed by means of voltage 
ampli?er 33 and power ampli?er 37, the output of 
amplifier 37 beingfed to loudspeaker l5. Equalization 
is used in the amplifiers to compensate for phase shifts 
introduced into the system by virtue of the loudspeaker 
and microphone characteristics. For optimum response 
the feedbaclccomponents of the microphone output 
should be in phase with the signal that produced it. The 
‘acoustical output of speaker 15 is connected by‘means 
of acoustical channel 35 to the input of microphone 17. 
Connected to the acoustical channel 35 is a resonant 
vcavity 30a formed by the oral cavity of the operator. 
The frequency of theacoustical feedback and thus the > 
frequency of the ampli?erand speaker outputs is deter 
mined by the, resonant frequency of oral cavity 30: 
which is determined by; the operator of the instrument. 

Summart'zing'then in the, apparatus shown in FIGS. 1 - 
through 3 the housing 13, loudspeaker 15 with cone and 
coil and tube member 21 form a means for introducing 
sound energy into the oral cavity. of the player to obtain 
information on the size thereof. The sound energy in the 
oral cavity is monitored by means of tube member 23 and 
the microphone I 7 in the tube member 23 which func 
tions to convert acoustic energy toelectric energy. Since 
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the oral cavity is arranged in the feedback loop between 
the output of the loudspeaker and the input of the micro 
phone it controls the phase and amplitude of the sound 
reaching the microphone so that the size of the oral cav 
ity of they player estalishes the fundamental frequency of 
the oscillations of an electric audio oscillator and in this 
way as the size of the oral cavity changes the ‘conditions 
for oscillation of the electric audio oscillator changes and 
the sound emitted from the open end of the loudspeaker 

29,010 

changes. Each loudspeaker converts variations of electric '0 
energy to corresponding variations of acoustic energy. 

Referring now to FIGS. 4 and 5, a second embodi 
ment of the device of the invention is illustrated. This 
second embodiment is similar to the ?rst, except that 
the output of the speaker in the acoustical feedback 
circuit is not used as the [ sound output, the 1 musical 
sound output, the musical sound, or tone output rather 
being derived from a separate speaker which receives a 
signal from the power ampli?er. As can be seen in FIG. 
4, speaker 15, rather than having a born to radiate the 
output of the back cone surfaces 15a, is fully enclosed 
in casing 13. Also, a separate speaker 42, which may be 
of a larger size than speaker 15, is utilized in conjunc 
tion with a separate ampli?er to radiate the sound, as 
now to be explained in connection with FlG. 5. Other 
wise, the second embodiment is the same ‘as the ?rst 
just described. ' ’ 

Referring now to FIG. 5, an acoustical feedback path 
35 is provided as before between the output of speaker 
15 and the input of microphone 17 with the oral cavity 
308 being used to [ form the tones I control the pitch 
or fundamental frequency of the musical sounds pro 
duced. The output of microphone _l7 is fed through 
pressure actuated switch 25 to voltage ampli?er 35 and 
thence to power ampli?er 37 the output of which is fed 
to speaker 15. Speaker 15 is fully enclosed in casing 13 
so that except for the acoustical feedback, there is a 
minimum amount of radiation from the speaker cone. 
The output of ampli?er 37 is also fed through potenti 
ometer 4} to the input of ampli?er 43, the output of 
ampli?er 43 being fed to speaker 42. Potentiometer 41 
is used as a volume control to control the sound output ' 
of the speaker 42. Other controls may also be incorpo 
rated in ampli?er 43, such as tone controls, modulation 
controls, etc. Further, modulation signals can be intro 
duced into the ampli?er from external sources to fur 
ther modify the musical sounds generated. Thus, the 
second embodiment affords greater versatility of oper 
ation and enables the utilization of a separate higher 
?delity sound system in radiating the sound output. 
Further, potentiometer 41, ampli?er 43 and speaker 42 
may be formed by an existing ‘sound system to which 
the output of ampli?er 37 is fed. 
The musical instrument of this invention thus pro 

vides a unique I device for generating tones ] musical 
sound apparatus and method and unique musical in 
strument [with one’s oral cavity without the use of the 
vocal cords or an external tone signal] . 
While the device of this invention has been described 

and illustrated in detail, it is to be clearly understood 
that this is intended by way of illustration and example 
only and is not to. be taken by way of limitation, the 
spirit and scope of this invention being limited only by 
the terms of the following claims. 

I claim: 
1. A mouth operated electronic musical instrument 

for use in forming tones comprising: ' 
a microphone, 
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6 
a loudspeaker, 
ampli?er means for amplifying the output of said 
microphone, the output of said ampli?er means 
being fed to said loudspeaker, 

means for providing an acoustical feedback path 
between the loudspeaker and the microphone 
input comprising a casing for enclosing said micro 
phone, enclosure means for forming an enclosure 
with said loudspeaker, and tube means for inter 
connecting said casing and said enclosure means, 
and 

a mouthpiece connected to said means for providing 
a feedback path. 

2. The instrument of claim I wherein said tube means 
comprises a ?rst tube connected at one end thereof to 
the enclosure means, said mouthpiece being located at 
the other end of said ?rst tube, and a second tube inter 
connecting said ?rst tube and said casing. , 

3. The instrument of claim 1 wherein said enclosure 
means for forming an enclosure with said loudspeaker 
comprises a housing having an open end portion form 
ing a horn for said loudspeaker, said loudspeaker hav 
ing a speaker cone and being mounted in said housing, 
one side of said cone forming an enclosure with said 
housing, the other side of said cone radiating sound 
through said horn, said tube means being connected to 
the last mentioned enclosure. 

4. The instrument of claim 1 wherein said enclosure 
means comprises a casing enclosing said loudspeaker 
and further including an ampli?er connected to receive 
the output'of said ampli?er means and a second loud 
speaker connected to receive the output of said ampli 
tier. 

5. A month operated electronic musical instrument 
for use in forming tones with an operator’s oral cavity 
comprising: I 

a microphone, 
a casing for enclosing said microphone, 
a loudspeaker having a cone for radiating sound, 

- a housing for said loudspeaker, the cone of said 
speaker and said housing forming an enclosure for 
the sound radiated by one side of said cone, 

ampli?er means for amplifying the output of said 
microphone, the output of said ampli?er means 
being fed to said loudspeaker, 

means providing an air channel interconnecting the 
microphone casing and said enclosure, and 

a mouthpiece for use by the operator, connected to 
said last mentioned means. - 

6. The instrument of claims and further including a 
switch having a pressure responsive actuator and a pair 
of electrical switch contacts, a casing member for hous 
ing said switch and means for providing an air channel 
between said casing member and said mouthpiece, said 
switch contacts being interposed between said micro 
phone and said loudspeaker, whereby said switch 
contacts are closed only when there is a predetermined 
‘air pressure signal at said mouthpiece. 

7. The instrument of claim 5 wherein said housing is 
shaped to form a horn for radiating sound from the 
other side of the loudspeaker cone. 

' 8. The instrument of claim 5 wherein said housing 
encloses the other side of said cone and further includ 
ing an ampli?er connected to receive the output of said 
ampli?er means and a second loudspeaker driven by 
the‘ output of said ampli?er to provide the sound out 
put. 
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9. A mouth operated electronic musical instrument 
for use in forming tones comprising: 
a microphone, ' 

a loudspeaker, 
ampli?er means for amplifying the output of said 
microphone, the output of said ampli?er means 
being fed to said loudspeaker,_ . , 

means for providing an acoustical feedback path 
between the loudspeaker output and the micro 
phone input, 

a mouthpiece connected to said means for providing 
a feedback path, . 

pressure actuated switch means for controlling the 
generation of said tones, and 

channel means interconnecting said switch means 
and said mouthpiece, 

said switch means being actuated to cause tones to be 
generated only when a pressure signal is introduced 
into said mouthpiece. 

10. The instrument of claim 9 wherein said pressure 
actuated switch means is an electrical switch inter 
posed between said microphone and said loudspeaker. 

II . In oral cavity controlled musical sound apparatus, 
the combination comprising: 
means for introducing sound energy into the oral cav 

ity of a player to obtain information on the size 
thereof; 

means for acoustically monitoring the sound energy 
information and producing an electric output control 
signal containing information about the size of the 
oral cavity; and 

electric signal utilization means utilizing the informa 
tion about oral cavity size in said electric output 
control signal to establish the pitch of musical sounds 
emitted into the atmosphere by a device that converts 
variations of electric energy to corresponding varia 
tions of acoustic energy. 

I 2. In oral cavity size controlled musical sound appara 
tus as set forth in claim I I wherein said means for intro 
ducing sound energy includes a housing for con?ning a 
mass of air in a first cavity having a constant con?gura 
tion with a ?rst tubular member in communication with 
said ?rst cavity through a small opening and terminating A 
in a mouthpiece, a loudspeaker cone for vibrating the 
con?ned mass of air in the ?rst cavity to generate sound 
energy that is transmitted through the small opening and 
?rst tubular member into the player’s oral cavity. 

13. In oral cavity size controlled musical sound appara 
tus as set forth in claim I I wherein said means for acous 
tically monitoring include a microphone in a tube in 
communication with the means for introducing sound 
energy. 

14. In oral cavity size controlled musical sound appara 
tus as set forth in claim 11 including an electric amplifier 

' having an input coupled to the output control signal and 
an output coupled back to said means for introducing 
sound energy to form an electric oscillator whereby the 
oral cavity forms an acoustic load in the feedback loop of 
the electric oscillator and a change in size of the oral 
cavity changes the frequency of the electric oscillator. 

15. In an oral cavity size controlled electric musical 
instrument, the combination comprising: - 
a hollow body de?ning a ?rst cavity having a substan 

tially constant con?guration for confining a mass of 
air and communicating with external surrounding 
air through a small opening in the- body to form a 
cavity resonator, said body having a mouthpiece 
forming a passage into the ?rst cavity through said 
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small opening, 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 com 
bined first cavity and player’s oral cavity; 
loudspeaker in the first cavity having a cone and a 
coil for vibrating the confined mass of air to generate 
sound energy that is introduced into the oral cavity 
to obtaininformation on the size thereof and trans 
mitted back and forth between the ?rst cavity and 
the oral cavity through the small opening; 

means for acoustically monitoring the sound-energy 
including a microphone in a tube in- communication 
with the mouthpiece to produce output control signal 
electric oscillations corresponding to the monitored 
sound energy; and 

utilization means including a ?rst electric ampli?er 
having an input coupled to said output control signal 
and an output coupled back to said loudspeaker coil 
by a feedback line to form an electric oscillator hav 
ing a feedback loop whereby the oral cavity forms an 
acoustic load in the feedback loop with the loud 
speaker in the feedback loop of the electric oscillator 
and a change in the size of the oral cavity changes 
the frequency of the electric oscillator. 

1 6. In oral cavity size controlled musical sound appara 

l0 

15 

tus as set forth in claim 15 including a second electric 
ampli?er coupled to the output of said ?rst electric ampli 
?er and a second loudspeaker coupled to the output of 

30 said second amplifier to emit musical sounds into the 
atmosphere from the second loudspeaker. 

I 7. In a method of selectively controlling the pitch of 
musical sounds emitted into the atmosphere, the steps of: 

introducing sound energy into the oral cavity of a 
35 ' player to obtain information on the size thereof; 

acoustically monitoring said sound energy information 
and producing an electric output control signal con 
taining information about the size of the oral cavity; 
and 

40 utilizing the information on oral cavity size in said 
output control signal to establish the pitch of musical 
sounds emitted into the atmosphere. 

I 8 . In a method as set forth in claim I 7 further includ 
ing the steps of: 

45' electrically amplifying the output control signal and 
feeding said amplified output control signal back to a 
source of the sound energy introduced into the oral 
cavity to form an electric oscillator having a feed 

50 back loop with the oral cavity forming an acoustic 
load in the feedback loop of the electric oscillator and 
a change in the size of the oral cavity changes the 
frequency of the electric oscillator. 

l 9. In a method as set forth in claim 18 further includ 
ing the step of: I 
further amplifying the output control signal and con 

verting said output control signal to musical sound 
waves in the atmosphere. 

20. In an oral cavity size controlled method of selec 
ti vely controlling the pitch of musical sounds emitted into 

60 the atmosphere, the steps of: 
con?ning a mass of air in a first cavity having a con 

stant con?guration communicating with external 
surrounding air through a small opening to form a 
cavity resonator; ' 

placing the lips of a player over the opening and setting 
the size of the player’s oral cavity to establish a se 
lected resonant frequency for the combined first 
cavity and oral cavity,‘ 

55 
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vibrating the confined mass of air in the first cavity to 
generate sound energy that is transmitted into the 
oral cavity through the small opening, the sound 
energy generated being passed back and forth 
through the small opening between the ?rst cavity 
and the oral cavity to obtain information on the size 
of the oral cavity; 

acoustically monitoring said sound energy and produc 
ing an output control signal; and 
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electrically amplifying the output control signal and 
feeding said ampli?ed control signal back to a source 
of said generated sound energy introduced into the 
oral cavity to form an electric oscillator having a 
feedback loop with the oral cavity forming an acous-v 
tic load in the feedback loop whereby a change in the 
size of the oral cavity changes the frequency of the 
electric oscillator and the pitch of the sound emitted 
into the atmosphere. 

* a: * a: n 


