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This invention relates to sound transducer systems, 
particularly of the type that can be used for medical 
diagnosis‘ purposes. 

Conventional electronic stethoscopes, of the type used‘ 
for medical diagnosis purposes, suffer from i by ‘ physicians I 

several major disadvantages; For'one; tne coupling eth 
ciency between the sound source and the mechamcal 
diaphragm‘of the sound pickup device is low.‘ For this ‘ 
reason, outside noise interference often obliterates the 
sound from the source. In addition, the low frequency 
response‘ of the conventional ‘systems cannot be opti 
mized because of their mechanical inertia. Since the low 
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frequency sounds are of paramount interest, this is a 1 
great disadvantage of the conventional systems. 

It is an object of the present invention to provide an 
improved sound 
type that can be used for medical diagnosis purposes. 

it is another object of the present invention to provide 
an improved electronic stethoscope in which the coupling 
efhciency between the sound source and 
device is greater than in prior art Stethoscopes. 

It is yet another object of the present invention to 
rovide an improved sound transducer, of the type that 

can be used for medical diagnosis 
interference from external sound ‘sources is ‘minimized. 

the sound pickup‘ 

transducer system,~particularly of‘ the ‘ 
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purposes,‘ where the ‘ 

These and further objects of the invention are achieved 1 
by‘ a sound transducer which employs a thin membrane 
which contacts the surface (such as the body of a 
patient) of a sound source. The membrane. also serves 
to enclose a ?uid sound transmission medium within 
the transducer casing. This ?uid, in combination with 
the‘ membrane, provides a uniform sound conducting 
medium between the sound source and a pressure sensi 
tive‘capacitor, which is also housed within the trans; 
ducer casing. 

pacitor ‘of the tuned‘circuit of an oscillator. 
frequency of the oscillator 
sound. These frequency variations are detectedby a 
frequency discriminator circuit to provide an output volt? 
age. 
The novel features that are 

of ‘the invention are set forth 

Thus, the 

considered characteristic 
in- the appended claims. 
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The transmitted sound causes variations 
in the capacitance of the capacitor, which is the‘ca- ‘ 
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varies in response to the 1 
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The invention'will be best understood,‘ however, from 1‘ 
the following description whentread in connection with 
the accompanying drawing, in which: 
FIGURE 1 is a side view,>in sectiomof a sound trans 

ducer embodying the invention; 
FIGURE 2 is a sectional view taken along the line ‘ 

2~—2 of FIGURE 1; and ‘ 

FIGURE 3 is a schematiccircuit diagramfof a tran-' ‘ 
sistor oscillator circuit and frequencydiscriminator cir 60 
cult for use in a sound transducer system embodying the i 
invention. 

Referring‘now to the drawing, FIGURE 1 isia side 
elevational view, in section, of a sound transducer Jem 
bodying the invention, while FIGURE 2 is a sectional 
view, ‘taken along the line 2~—-2 of FIGURE 1. The 
sound transducer includes a casing 5, of approximately 
21/). inches in diameter, andmade of a molded material 
such as rubber or plastic, to which is joined, by suitable 
cement, .a printed circuit board 6." The portion of the 
transducer which, when the transducer is ‘used forv med 
ical ‘diagnosis purposes, is placed contact with the‘ 
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body of a patient, comprises a thin membrane 8,‘which . 
is made of a ?exible‘ material, such as Mylar. The 
membrane 8 is fastened securely in place by two mem 
bers 10 and 12, which are placed in locking engagement 
with the casing 5.’ The purpose of the membrane ‘8 is 
to hold a liquid 14. in the lower third of the transducer, 
between the printed circuit board 6 and the membrane 
8.‘ The liquid 14- preferably has a speci?c density equal 
to‘ the speci?c density of the human body. Silicone is 
an-exarnple of a liquid which has been found to be satis 
factory for this‘purposeo Other liquids could'be used, 
however. 
The sound pickup portion of the transducer comprises . 

a pressure sensitive capacitor,‘ having an air dielectric. t 
One plate of‘the‘ capacitor comprises a thin metal plate 
16 of a conductive material, such as copper. The ca 
pacitor‘plate 16 is soldered to the under side of the 
printed circuit board 6 and is connected, by. atsolder . 
connection ‘(not shown) to the appropriatecomponcnts 
of the‘printed circuitry, as will become ‘apparent from 
a consideration ‘of FIGURE 3. The second plate of- the 
pressure ‘sensitive capacitor‘comprises a membrane 13, 
which is coated with a thin layer of a conductive metal, 
such as‘ silver.‘ 

rated from the ?rst place 16 by a spacer 2a of suitable 
insulating material. The direct current level of thepicl- ‘ 
up is maintained, in part, by a series of concentric .smail 
air vents in the capacitor plate 18,‘ as shown in FIGURE 
2. The apparatus on the under side of the printed cir~ 
cult board 6 is completed by a pressure barrier diaphragm 
22, which is mounted on a second- spacer 24, which 
separates the‘ pressure barrier diaphragm 22 from the ‘ 
capacitor plate or ‘diaphragm 18. 
The capacitor comprising the metal sheet 16 and the 

diaphragm l?‘is a variablecapacitor in the tank circuit i 
ofa transistor oscillator circuit, as shown in FIGURE 3. 
The circuit of FIGURE 3 includes the transistor oscillator 
cir;uit and a frequency ‘discriminator circuit. A transistor 
26, which includes has: 
electrodes is connected to provide emitter-to-base regener 
ative feedback. 
is depicted schematfcally by the ‘numeral 33. 
of this "capacitor (the diaphragm 18 of FIGURE 1) is 
grounded, while the other plate is connected through a 
coup ing capacitcr 34 to the base 28 of the transistor 26. 
A‘variable trimmer capacitor 36 is connested in parallel 
with the capacitor 33 and ' 
the‘oszillator tuned circuit. The emilter 32 of the tran 
sistor 26 is connected to a tap on the lIlClllC,Ol‘ 33, thus. 
completing a feedback circuit between 
the base of the transistor 26. Bias voltages are supplied 
to“ the transigtor 25 by means of a battery 45, theposi~ 
tive terminal of which is grounded. The neeative ter‘ 

o n a 

mural of the battery‘ilil is connected through a resistor 42 

the emitter and 

to the collector 3i}, thus providing a reverse bias voltage t 
for the collector 3%). The negative terminal of the bat 
tery 40 is also connected through a resistor 44 to the base 
28, thus maintaining the 
with ‘respect to the base 28. ‘ 

Output signa's from‘the transistor oscillator circuit are 
derived from the collector 3i} by means of a coupling 
capacitor 46 and the primary winding 48 of a transformer 
50. The center-tapped secondary winding ‘52 of the 
transformer 50' is the input‘ to a frequency discriminator 
circuit of conventional design. 
The frequency discrimirator circuit includes a pair of 

onpos'tely poled diode recti?ers 54 and 56 and an inductor 
58 which is connected frm the 
ary winding 52 to the‘ juncion of'a pair of capacitors 6i) 
and62, which are connected it 
ary‘winding‘52.‘ A prir of output terminals 64 and 65 
are provided, one of which is connected to the high voltage 

The second capacitor plate 18 is sepa- ‘ 

28, collector 3i), and emit er 32 i 

The variable capacitor of FIGURE 1 . 
One plate . 

w.th an inductor?d, compleing . 

emitter 32’forwardly biased, 

‘center tap of the se'ond- ‘ 

par’lle‘ with tlre second- i 
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terminal of a load resistor 66, and the other of Which is 
grounded. The other terminal of the load resistor 66 
is grounded. The circuit is completed by a capacitor 68, 
which is connect: from the jun:tion of the capacitors 
6i) and 62 to a center tap on the load resistor 65. 
The components of the oscillator and frequency dis 

criminator circuits of FIGURE 3 are not shown in EEG 
URES l and 2, for simplcity. They wculd be mounted 
on printed circuit boards, however, which in turn would 
be connected to the printed circuit board 6. 
The thin membrane 8 provides a very thin reactive 

area when placed in direct contact with the sound source. 
Contact wi.h the body of a patient can be enhanced by 
wetting the membrane 8. The membrane 8, in combina 
tion with the ?uid 14, which is held in place within the 
transducer by the membrane 8, provides an almost perfect 
uniform sound conducting medium from the sound source 
to the capacitor plate 13. The resonant frequency point 
of the membrane 8 and the ?uid 14 is very low so that 
the resonant effects of the transducer are negligible. Be 
cause of this construction, sound travels directly from the 
sound source until it impinges on the broad surface of 
the membrane 18, which is one plate of the pressure sensi 
tive capacitor. The efficiency of sound transmission be 
tween the source and membrane 18 is very great, especial 
ly compared with conventional sound transducers. More 
over, the damping e?ect of the ?uid 14 excludes the in 
terference of external unwanted sounds to a large degree. 

In operation, sound from the source travels through 
the liquid 14 and places pressure on the capacitor dia 
phragm 18. The diaphragm 18 thus ?exes an amount 
proportional to the intensity of the sound. Movement of 
the diaphragm 18 changes its distance from the ?rst ca 
pacitor pla‘e 16, causing a change in the capacitance of 
the capacitor comprising the plate 16 and the diaphragm 
18. Variation of this capacitance, since it is the capaci 
tance of the transistor oscillator tuned circuit (FIG. 3) 
varies the frequency of the oscillator circuit. The varia 
tion in frequency is detected by the frequency discrimi 
nator circuit. Accordingly, the voltage at the output ter 
minals 64 and 65 of the discriminator circuit varies in 
accordance with variations in the oscillator frequency and, 
hence, with variations in the amplitude of the sound from 
the sound source. A capacitance change of, for example, 
1 micromicrofarad will cause a voltage change of 1 volt 
at the output terminals of the discriminator cIrcuit. Ac 
cordingly, with a capacitor plate spacing of ten thou 
sandths of an inch to provide a 100 micromicrofarad ca 
pacity, the pressure sensitive diaphragm 18 would have 
to move only ten millionths of an inch relative to the 
capacitor plate 16 to provide a useful output voltage at 
the discriminator output terminals of one tenth of a 
volt. 
The invention described herein provides highly e?'icient 

coupling of sound from a sound source to a sound pick 
up, especially important to stethoscopes for medical diag 
nosis purposes. Moreover, interference from external 
sound sources is minimized, yet the construction is simple 
and not expensive. 
What is claimed is: 
1. A sound transducer comprising, in combination, a 

casing for said transducer including a thin ?exible dia 
phragm member, pressure sensitive capacitor means 
mounted within said casing, said capacitor means c0m~ 
prising a pair of electrodes, one of said electrodes being 
a relatively rigid metal sheet member and the other of 
said electrodes being a conductive ?exible membrane, 
and a ?uid contained within said casing between said dia 
phragm and said capacitor means to provide with said 
diaphragm a uniform sound transmitting medium be 
tween a sound source and said capacitor means. 

2. A sound transducer comprising, in combination, 
means adapted to provide contact with a sound source in< 
cluding a thin broad area diaphragm member, pressure 
sensitive capacitor means comprising a metal sheet elec 

10 

25 

30 

35 

40 

45 

60 

55 

60 

65 

70 

4 
trod-e and a conductive flexible membrane electrode sepa~ 
rated by an air dielectric, and means including a ?uid pro 
viding a sound transmission medium between said dia 
phragm member and said capacitor means to provide 
variation in the capacitance of said capacitor means 1n‘ 
response to sound from said source. 

3. A sound transducer comprising, in combination, arr 
oscillator circuit, tuning means for said oscillator circuitv 
including a pressure sensitive capacitor, said capacitor 
comprising a metal sheet electrode and a conductive mem 
brane electrode separated by an air dielectric means for 
engaging said transducer in sound transmission contact 
with a sound source including a thin diaphragm, means 
providing a ?uid sound transmitting medium between said 
diaphragm and said capacitor to vary the capacitance 
thereof and the frequency of said oscillator circuit in re— 
sponse to sound waves, and a frequency discriminator cir 
cuit connected with said oscillator circuit to provide a 
voltage output in response to said variations in the fre 
quency of said oscilaltor circuit. 

4. A sound transducer for a medical stethoscope com‘ 
prising, in combination, a casing for said transducer in 
cluding a thin ?exible diaphragm member for contacting. 
the body of a patient, pressure sensitive capacitor means 
including a conductive ?exible membrane mounted within 
said casing, and a ?uid having a speci?c density approxi 
mately equal to the speci?c density of the human body 
contained within said casing between said diaphragm and 
said capacitor means to provide with said diaphragm a 
uniform sound transmitting medium between said body 
and said capacitor means. 

5. A sound transducer as de?ned in claim 4 wherein 
said ?uid is silicone. 

6. A sound transducer comprising, in combination, an 
oscillator circuit, tuning means for said oscillator circuit 
including a pressure sensitive capacitor, said capacitor 
having a ?rst rigid plate and a second ?exible plate, means 
for engaging said transducer in sound transmission con 
tact with a sound source including a thin ?exible dia-v 
phragm, means providing a ?uid sound transmitting me 
dium between said diaphragm and said capacitor to vary 
the pressure on said second plate, the capacitance of said 
capacitor, and the frequency of said oscillator circuit in 
response to sound waves, and a frequency discriminator 
circuit connected with said oscillator circuit to provide a 
voltage output in response to said variations in the fre 
quency of said oscillator circuit. 

7. A sound transducer as de?ned in claim 6 wherein 
said oscillator circuit includes a tank circuit and said 
pressure sensitive capacitor is the variable capacitance 
of said tank circuit. 

8. A sound transducer comprising, in combination, a 
transistor oscillator circuit including a tank circuit mount~ 
ed on a printed circuit board, tuning means for said oscile 
lator tank circuit including a pressure sensitive capacitor, 
said‘ capacitor including a ?rst rigid conductive plate 
mounted on said printed circuit board and a second ?exi 
ble metal coated membrane plate mounted in close spaced 
relationship to said ?rst plate, means for engaging said 
transducer in sound transmission contact with a sound 
source including a thin ?exible ‘diaphragm, means pro 
viding a ?uid sound transmitting medium between said 
diaphragm and said capacitor to vary the pressure on 
said second plate, the capacitance of said capacitor, and 
the frequency of said oscillator circuit in response to 
sound waves, and a frequency discrminator circuit con 
nected with said oscillator circuit to provide a voltage 
output in response to said variations in the frequency of 
said oscillator circuit. 
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