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[57] ABSTRACT 
A recording stethoscope includes a transducer assem 
bly for converting variations in atmospheric or air 
pressure within the stethoscope into analog electrical 
signals~ The transducer assembly includes a transducer 
responsive to variations in atmospheric pressure 
mounted with a housing that includes at least two sec 
tions that support the transducer by engaging and 
clamping the periphery thereof. The variations in at 
mospheric pressure are intensi?ed by providing a con 
ical chamber in front of the transducer, and the trans 
ducer is supported in part by shock absorbing means. 
A recorder records the output of the transducer, and 
the recorder is grounded to the chest piece. 

5 Claims, 5 Drawing Figures ‘ 
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RECORDING STETHOSCOPE 

This invention relates to a recording stethoscope. 
More particularly, this invention relates to a recording 
stethoscope that includes a transducer assembly for 
converting variations in atmospheric or air pressure 
within the stethoscope into analog electrical signals for 
‘recording. 
A very old technique, useful for inferring the condi 

tion of the valves and some of the other internal heart 
structures, is to listen to the sound that the heart makes 
as the blood passes through the heart. This is most 
often done with a stethoscope as many characteristic 
sounds have long since been identi?ed with character 
istic conditions of the heart. Electronic stethoscopes 
have been available for many years, but they have not 
gained wide acceptance, perhaps because they offer no 
particular advantage over the old-fashioned stetho 
scope which is quite simple and inexpensive. 
The present invention relates to a recording stetho 

scope whereby a doctor can continue to hear the sound 
that the heart makes as the blood passes through the‘ 
heart in the same manner that he has listened to it since 
medical school while at the same time providing a 
means whereby such sounds may be faithfully recorded 
for future analysis. Moreover, the present invention 
provides a recording stethoscope wherein upon play 
back, the physician hears the sound, through the stetho 
scope in exactly the manner he is accustomedv to hear 
ing it over a conventional stethoscope. Thus, the prob 
lem of other stethoscopes that modify or distort the 

2 
representing sound wave generated by the stethoscope 
chest piece. All of this takes place without affecting the 
sound waves as directly heard by the physician. 

It therefore is an object of the present invention to 
provide a new and improved recording stethoscope for 

‘ faithfully recording the sounds made by the heart as 
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sound upon play-back is avoided, in the stethoscope of - 
the present invention. ln accordance with the present 
invention, there is neither mechanical nor electronic 
distortion of the sound as perceived by the physician. 

Faithful electrical recording and reproduction of the 
sound pressure waves within the stethoscope is made 
possible in the present invention by providing a highly 
reliable transducer assembly that is easy to calibrate 
and manufacture. This is accomplished by a unique de 
sign of the chamber within which the transducer per se 
is mounted and by proper mounting apparatus for the 
transducer. - 

Existing conventional stethoscopes have, for the 
most part, a resident peak within their frequency re 
sponse characteristic that is centered between 5.0 Hz 
and 200 Hz. ‘Some stethoscopes also have an upper 
peak centered around l,500 Hz and 3,000 Hz. The pri 
mary factors which determine these resident peaks are 
diaphragm thickness versus mass, and the chest piece 
chamber volume. These frequency peaks are used to 
advantage to accentuate certain sounds and physicians 
are used ‘to hearing them in this manner. The present 
invention does not alter or'amplify over and above 

these sounds as they presently. exist within conventional 
stethoscopes. Rather, the transducer assembly “hears” 
the sounds and faithfully converts them into electrical 
signals that are the same as the sound pressure varia 
tions to a high degree of exactness. 

In accordance with the present invention, the trans 
ducer per se is mounted with a housing that-includes at 
least two sections which are adjustably joined together. 
These two sections clamp the transducer into position. 
In addition, the housing includes a chamber, such as a 
conical chamber, for amplifying the variations in atmo 
spheric pressure within the stethoscope, such variations 
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blood passes through the heart valves and other parts 
of that organ. 

It is another object of the present invention to pro 
vide a recording stethoscope for faithfully recording 
the sound made by the heart as blood passes through 
heart valves and other parts of the organ without dis 
trubing the sound as heard directly by a physician. 

it is yet another object of the present invention to 
provide a recording stethoscope which permits the phy 
sician to hear the recording exactly as though he were 
listening directly to a heart. 
For the purpose of illustrating the invention, there 

are shown in the drawings forms which are presently 
preferred; it being understood, however, that this in 
vention is not limited to the precise arrangements and 
instrumentalities shown. . 
F 1G, 1 is a plan view of the recording stethoscope in 

accordance with the present invention and a recorder. 

FIG. 2 is a longitudinal sectional view of the trans 
ducer assembly taken along the line 2-2 in FlG. 1. 
FIG. 3 is a plan view of a section embodiment of the 

invention showing a, modified transducer assembly. 
FIG. 4 is a longitudinal sectional view of the trans 

ducer assembly as shown in FlG. 3. 
FIG. 5 is a view of a reproduction speaker which may 

be used in accordance with the present invention. 
Referring now to the drawings in detail, wherein like 

numerals indicate like elements, there is shown in F IG. 
1 a recording stethoscope designated generally as 10. 
The recording stethoscope 10 includes a conventional 
chest piece 12 designed to pick up the sounds made by 
blood as it passes through the valves and other internal 
parts of the heart structure and transfer such sounds 
into the ?exible, hollow conduit 14. The ?exible con 
duit 14 is connected by the Tee 16 to the hollow bran-ch 
conduits l8 and 20 which in turn are connected to the 
conventional binaural head piece 22. The hollow Tee 
connector 24-connects the ?exible hollow conduit 14 
to a further ?exible hollow conduit 26 so that the varia 
tions in atmospheric or air pressure within the conduit 
14 representing the sounds detected by the chest piece 
12 are conducted to the transducer assembly 28 as well 
as to the binaural head piece 22. The terms atmo 
spheri‘c pressure or air pressure 'will be used inter 

_ changeably in referring to the gaseous medium within 
the stethoscope. It is noted that the air pressure within 
the stethoscope is atmospheric pressure modulated by 
the chest piece 12. ' ' 

The ?exible hollow conduits 14, 18, 20 and 26 may 
be made of any conventional material ordinarily used 
in stethoscopes. However, in a preferred embodiment, 
the ?exible, hollow conduits l4 and 26 as well as the 
Tee connector 24 are made to be conductive either by 
impregnating the same with a conductive material or by 
passing ?exible conductors through the walls thereof. 
For example,‘ conventional grounding cable may be. 
used for this purpose. In alike manner, the transducer 
assembly 28 is connected by a grounding cable or simi 
lar conductor to the recording machine 30 along the 
cable 32. This in effect connects the chest piece 12 



3,846,585 
3 

through the transducer assembly 28 to the ground of 
the recording machine 30. The recording machine 30 
preferably has a ?oating ground which will therefore 
assume the same absolute value as the chest piece 12. 
Chest piece 12 of course assumes the same absolute 
value as the body of the person being examined by the 

I physician. The use of a ?oating ground effected as 
herein described compensates for variations in the 
electrostatic potential voltage of the patient’s body 
which varies considerably depending upon such condi 
tions as temperature, humidity, floor covering, ?uores 
cent or incandescent lighting, operating electrical ma 
chinery in the examining room, and other factors. Such 
variations in electrostatic voltage potential can effect 
the ?delity of the recording unless compensated for. 
The use of a ?oating ground as described accomplishes 
this. ' 

The recording machine 30 is a magnetic tape deck 
including appropriate detectors, amplifiers, ?lters and 
the like whose frequency response is properly adjusted 
to accurately record the electrical signals transduced 
by the transducer 34 mounted within the transducer as 
sembly 28. 
As best shown in FIG. 2, the transducer 34 is 

mounted within the housing 36 which comprises a ?rst 
section 38 and a second section 40 telescopically 
joined together by means of the screw threads 42. 
The ?rst section 38 is formed so as to provide annular 

shoulder 44 at the end of chamber 46 defined by coni 
cal wall 48. Second section 40 is constructed so as to 
provide annular shoulder 50 positioned in opposed re 
lation to annular shoulder 44 when the two sections are 
assembled together. 
Opposed annular shoulders 44 and 50 clamp the pe 

riphery of transducer 34 between them. Shock absorb 
ing means in the form of O-ring S2 and 54 are posi 
tioned between the shoulders 44 and 50 and are the 
material that actually engages the shoulders and the 
transducer 34. The shock absorbing means 52 and 54 
act as mechanical vibration and shock dampeners, and 
they also function as hinges supporting the transducer 
34 as it vibrates back and forth in response to the varia 
tions in atmospheric pressure incident upon it from the 
chest piece 12. It should be noted that the transducer 
34 does not touch any part of the housing 36 including 
the ?rst section 38 and the second section 40. Rather, 
it is suspended entirely by the compression of the 0 
rings 52 and 54 between the ?rst section 38 and second 
section 40. The screw threads 42 provide a means for 
adjusting the amount of such compression and hence 
permits a means whereby the transducer 34 can be cali 
brated by entering calibrated air pressure pulses into 
the stethoscope and varying the amount of compres 
sion while observing the output of the transducer 34 on 
an electrical measuring instrument such as an oscillo 
scope. ‘ 

Upon achieving the proper amount of compression, 
the ?rst section 38 and second section 40 are locked in 
position by means of the set screw 56 or any other con 
ventional locking means. It should be understood that 
the screw threads 42 are an example of one means for 
adjusting the amount of compression upon the periph 
ery of the transducer 34 to lock it in position.‘ Other 
means for ?tting the ?rst section38 and second section 
together in compression to thereby clamp the trans 
ducer 34 in position may be provided as desired. 
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The edge of the transducer 34 as well as the outer 

most surface of the O-rings 52 and 54 is wrapped in in 
sulating tape 55 which preferably is coated with 
polytetra?ouroethylene or its equivalent. Such tape 
provides insulation for the outer edge of the transducer 
34 while at the same time allowing free ?exure thereof. 

The electrical conductors 60 for the transducer 34 
are brought out to the cable 32 and held in position by 
the bracket 62 ?xed to the second section 40 by means 
of the threaded fastener 64. The cable 32, which pref 
erably is a braided coaxial cable, conducts the output 
of the transducer 34 to the recording machine 30 to 
which it is connected by means of the jack 66. 
The transducer 34 is preferably a barium titanate pi 

ezoelectric disc which generates a voltage when it is 
?exed. By way of example but not limitation, the trans 
ducer 34 may be a “Bimorph” disc such as is manufac— 
tured by the Vernitron Division of Clevite, Bedford, 
Ohio. Those skilled in the art will readily recognize that 

' other, equivalent transducers may be substituted for 
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the transducer 34 as described above. 
As previously indicated, the chamber 46 is frusto 

conical as de?ned by the conical wall 48. The trans 
ducer 34 is positioned adjacent the large opening in the 
chamber 46 and the small opening is in open connec- 
tion with the ?exible, hollow conduit 26 through the 
neck 68. The frusto-conical shape inside the'cham'ber 
46 reinforces the variations in atmospheric pressure 
generated by the chest piece 12 to provide greater pres 
sure upon the surface of transducer 34. e 
The physician puts the stethoscope 10 in use by con 

necting the cable 32 to the recording machine 34 
through the jack 66. The recording machine is put in 
operation and the physician thereafter commences his 
examination in the ordinarylmanner. Thus, he follows ' 
a routine procedure of examination at all times listen 
ing to the movements of the heart with his profession 
ally trained ear. He hears the heart exactly as he has al 
ways heard it through the binaural head piece 22. Si 
multaneously, what he is hearing is transduced into 
electrical signals within the transducer assembly 28 and 
recorded in the recording machine 30 exactly as he 
hears it. Thus, the physician can playback what he has 
heard at any time in the future for further diagnosis or 
to compare past conditions with present conditions. 
So that there is no distortion of the sounds that the 

physician hears upon playback, this is accomplished 
using the speaker assembly 70 illustrated in FIG. 5. The 
physician places the recording machine 30 in its play 
back mode and connects the speaker assembly 70 
thereto through jack 72. The output of the playback 
channel of the recording machine is conducted through 
cable 74 to the speaker 76 which transduces the electri 
cal signals into acoustic signals. The speaker 76 may 
be, by way of example, a “Telethin” speaker manufac~ 
tured by the Telex Acoustic Products Division of Telex 
Corporation. The output sound signals of the speaker 
76 are emitted through the hollow conduit 78 in the 
form of variations in atmosphericpressure. These sig 
nals are coupled into the stethoscope 10 by removing 
the transducer assembly from connection with the ?ex 
ible conduit tube 26 and inserting the conduit 78 in its 
place. Thus, the sound is returned to the stethoscope as 
before in exactly the same manner as it left. 
Referring now to'FlGS. 3 and 4, there is shown an 

other embodiment of the present invention wherein the 
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Tee connector 24 is removed and a modi?ed trans— 
ducer assembly housing 80 is put in its place. With re 
spect to the embodiment illustrated in FIGS. 3 and 4, 
only the transducer assembly is illustrated since the re 
mainder of the stethoscope remains unchanged. 
As shown, the ?exible hollow conduit 14 is con 

nected to both an entrance port 82 and an exit port 84 
of the ?rst section 86 which together with the second 
section 88 forms the transducer assembly housing 80. 

The transducer 34’ is held in position between the 
?rst section 86 and the second second section 88 in the 
same manner that the transducer 34 is clamped in posi 
tion in the embodiment illustrated in FIG. 2. For this 
reason, like elements illustrated in FIGS. 3 and 4 bear 
the same numeral except that it is primed. Thus, the 
embodiment of FIGS. 3 and 4 includes the shock ab 
sorbing O-rings 52' and 54’ and the edge of the trans 
ducer 34' is wrapped in polytetra?ouroethylene tape 
55'. 
The ?rst section 86 is telescopically positioned within 

the second section 88 by means of the screw threads 90 
and they are locked in position by means of the set 
screw 92. Clamping pressure is applied to the O-rings 
52' and 54’ between which the transducer 34' is posi 
tioned by the annular shoulders 94 and 96. As in the 
embodiment illustrated in FIG. 2, the correct amount 
of clamping force is adjusted by applying a calibrated 
pressure signal to the chest piece. 
The electrical signal generated by the transducer 34’ 

is brought out through conductors 60' which are con» 
nected to the cable 32' ?xed in position within the 
opening in the second section 88- by means of the 
bracket 98. Bracket 98 is threadedly ?xed to the sec 
ond section 88 by threaded fastener 100. _ 
The interior of ?rst section 86 includes the frustocon 

ical chamber 102 de?ned by the conical wall 104. The 
small end of the chamber 102 opens directly into the 
tubing 14' while the large end is adjacent to the trans 
ducer 34'. The conical chamber 102 serves to increase 
the pressure variations produced by the chest piece as 
they are received from the ?exible conduit 14’. 
’ The transducer assembly illustrated in FIGS. 3 and 4 
functions and is used in the‘same manner as described 
with respect to the transducer assembly illustrated in 
FIG. 2. 
By way of example, a chamber 102 which provides 

good amplification of the variations in atmospheric 
pressure within the ?rst section 86 has a conical wall 
104 at an angle of approximately 41° with respect to an 
imaginary straight line extending parallel to the conduit 
14'. The depth of the chamber 102 from its small open~ 
ing to its large opening is approximately .324 inches. 
The diameter of the small opening is approximately 
.099 inches and the diameter of the large opening of 
the chamber 102 is approximately .840 inches. The 
transducer 34' is nominally .050 inches from the large 
opening of the chamber 102. This latter dimension is 
adjusted according to the calibration of the recording 
stethoscope as described above. 
The present invention may be embodied in other spe 

cific forms without departing from the spirit or essen 
tial attributes thereof and, accordingly, reference 
should be made to the appended claims, rather than to 
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6 
the foregoing speci?cation as indicating the scope of 
the invention. 
We claim: 7 

l. A recording stethoscope, comprising: 
stethoscope means including an electrically conduc 

tive chest piece; ' 

a transducer assembly for converting variations in air 
pressure within said stethoscope means into analog 
electrical signals for recording, said transducer as 
sembly comprising a two section housing and 
means for adjustably connecting said two sections 
together, at least a part of said housing being elec 
trically conductive, a disc shaped transducer re~ 
sponsive to variations in air pressure to generate 
the analog electrical signals, said transducer being 
mounted within said housing and being clamped at 
its periphery between said two sections, a resilient 
annular member positioned on each side of said 
transducer between said transducer and each of 
said two housing sections, an opening in said hous 
ing in open communication with the interior of said 
stethoscope means, and air pressure intensifying 
means in the form of a conical chamber between 
said opening and said transducer for amplifying 
variations in air pressure, said opening being at the 
smaller end of said conical chamber and said disc 
shaped transducer being at the larger end; 

an electrically conductive hollow conduit connecting 
said chest piece and said opening of said transducer 
assembly; and an electrical connection means 
adapted for connection of the output of said trans 
ducer to a recording means, said electrical connec~ 
tion means including a conductor for connecting 
the conductive portion of said transducer assembly 
housing to the ground or reference potential con 
nection of said recording means whereby the 
ground or reference potential of the recording 
means is the same as the potential of the transducer 
assembly housing and the chest piece adapted to be 
in contact with a subject being examined. 

2. A recording stethoscope in accordance with claim 
1 wherein said electrically conductive hollow conduit 
is a ?exible conduit comprised of material impregnated 
with a conductive material. 

3. A recording stethoscope in accordance with claim 
1 wherein said electrically conductive hollow conduit. 
is comprised of a ?exible conduit having a ?exible elec 
trical conductor within the wall of the conduit. 

4. A recording stethoscope in accordance with claim 
1 including a speaker assembly for transducing re 
corded electrical signals into analog sound signals, and 
means to interchangeably couple said speaker assembly 
and said transducer assembly to said stethoscope. 

5. A recording stethoscope in accordance with claim 
1 wherein said transducer assembly is mounted directly 
‘on a hollow conduit connecting the chest piece and‘ a 
set of ear pieces of said stethoscope means, said open 
ing in said housing of said transducer assembly being in 
open communication with the inside of said conduit, 
said conical chamber having an axis perpendicular to 
the center line of the conduit connecting said chest 
piece and said set of ear pieces. 

' * 


