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3Cains, (C.79-1) 
This invention relatesto sound transducer Systems, 

particularly of the type that can be used for medical diagnosis purposes. 10 

Conventional electronic stethoscopes, of the type used. 
byphysicians for medical diagnosis purposes, Surfer from 
several major disadvantages. For one, the coupling effi 
ciency between the sound source and the mechanical 
diaphragm of the sound pickup device islow. For this 
reason, outside noise interference often obliterates the 
sound frcin the source. In addition, the low frequency 
response of the conventional systems cannot be opti 
mized because of their mechanical inertia. Since the low 20 frequency sounds are of paramount interest, this is a 
great disadvantage of the conventional Systems. 

It is an object of the present invention to provide an 
improved sound transducer system, particularly of the 
type that can be used formedical diagnosis purposes. 

it is another object of the present invention to provide 
25 

an improved electronic stethoscope in which the coupling -- 
efficiency between the sound source and the sound pickup 
device is greater than in prior art stethoscopes. 

It is yet another object of the present invention to 
provide an improved sound transducer, of the type that 
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can be used for medical diagnosis purposes, where the 
interference from external sound sources is minimized. 
These and further objects of the invention areachievedi 

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 fluid sound transmission medium within 
the transducer casing. This fluid, 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. 
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The transfinitted sound causes variations. 
in the capacitance of the capacitor, which is the ca 
pacitor of the tuned circuit of an oscillator. Thus, the 45 
frequency of the oscillator varies in response to the 
sound. These frequency variations are detected by a 
frequency discriminator circuit to provide an output volt 
age. 
The 

of the 
novel features that are considered characteristic 
invention are set forth in the appended claims. 
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The invention wil be best understood, however, from 
the following description When read in connection with 
the accompanying drawing, in which: 
FIGURE 1 is a side view, in section, of a soundtrans ducer embodying the invention; 
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FIGURE 2 is a sectionali view taken along the line 
2-2 of FIGURE 1; and 
FIGURE 3 is a schematic: circuit diagram of a tran 

sistor oscillator circuit and frequency discriminator cir 60 
cuit for use in a sound transducer system embodying the: invention. 

Referring now to the drawing, FIGURE 1 is a side 
elevational view, in section, of a sound transducer em 
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 
2% 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 forº med 
ical diagnosis purposes, is placed incontact with the 
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body of a patient, comprises a thin membrane 8, which 
is made of a flexibie material, such as Mylar. The 
membrane 8 is fastened secturely in place by two mem 
bers 10 and i2, 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 4 preferably has a specific density equal 
to the specific density of the human body. Silicone is 
an example of a liquid which has been found to be satis 
factory for this purpose. Other liquids could be used, however. 
The Sound pickup portion of the transducer comprises . 

a pressure sensitive capacitor, having an air dielectric. 
One plate of the capacitor comprises a thin metal plate 
16 of a conductive material, such as copper. The ca 
pacitorplate 16 is soldiered to the under side of the 
printed circuit board 6 and is connected, by a solder. 
connection (not shown) to the appropriate components 
of the printed circuitry, as will become apparent from: 
a consideration of FIGURE 3. The second plate of the 
pressuire Sensitive capacitori comprises a membrane 13, 
Which is coated with a thin layer of a conductive metal, 
Such as silver. The second capacitor plate 13 is sepa 
rated from the first place i6 by a spacer 20 of suitable 
insulating material. The direct current level cf the pick 
up is maintained, in part, by a series of concentric smal 
air vents in the capacitor plate 18, as shown in FGURE 
2. The apparatus on the under side of the printed cir 
cuit 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 ordiaphragm 18. 
The capacitor comprising the metal shset 16 and the 

diaphragm 18'is a variable capacitor in the tank circuit 
of a transistor oscillator circuit, as shown in FIGURE 3. 
The circuit of FIGURE 3 includes the transistoroscillator 
circuit and a frequency discriminator circuit. A transistor 
26, Which includes base 28, collector 30, and emiter 32 
electrodesis connected to provide emitter-to-base regener 
ative feedback. The variable capacitor of FEGURE 1 , 
is depicted schematicaly by the numeral 33, One plate 
of this capacitor (the diaphragm 3 of FIGURE 1) is 
grounded, while the other plate is connected through a 
coup ing capacitcr34 to the base 28 of the transistor 26. 
A variable trimmer capacitor 35 is connected in parallel 
with the capacitor 33 and with an inductor 38, compleing 
the osciliatortuned circuit. The emiter 32 of the tran 
sistor 26 is confected to a tep on the inducor 33, thus 
completing a fedback circuit between the emitter and 
the base of the transistor 25. Bias voltages are supplied 
to the transictor 23 by means of a battery 49, the posi 
tive terminal of which is grounded. The negative ter 
minal of the battery 40 is connected through a resistor 42 
to the collector 30, thus providing a reverse bias voltage 
for the collector 39. The negative terminal of the bat 
tery 40 is also connected through a resistor 44 to the base 
28, thus maintaining the emitter 32 forwardly biased with respect to the base 28. 
Output signa's from the transistor oscillator circuitare 

derived from the collector 36 by means of a ccupling 
capacitor 46 and the primary winding 48 of a transformer 
50. The center-tapped secondarywinding 52 of the 
transformer 50 is the inputto a frequency discriminator circuit of conventional design. 
The frequency discrimirator circuit inclues a pair of 

oppostely poled diode rectifiers 54 and 56 and an inductor 
58 which is connected frºm the center tap of the serond 
ary winding 52 to the juncion of a rair of capacitors 69 
and 62, which are connected in parlle with the second 
arywinding 52. A pir of output terminals 64 and 65 
are provided, one of Which is connected to the high voltage 
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terminal of a load resistor 66, and the other of Which is 
grounded. The other terminal of the load resistor 65 
isgrounded. The circuit is ccmpleted by a capacitor 63, 
which is connected from the junction of the capacitors 
60 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 FiG 
URES 1 and 2, for simpi city. 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 paced in direct contact with the sound source. 
Contact wih the body of a patient can be enhanced by 
vetting the membrane 8. The membrane 3, in combina 
tion with the fluid 4, which is held in place within the 
transducer by the menmbrane 8, provides an almost perfect 
uniform sound conducting medium from the sound source 
to the capacitor plate 18. The resonant frequency point 
of the membrane 8 and the fluid 14 is very low so that 
the resonant effects of the transducerare negligible. Be 
cause of this construction, sound travels directly from the 
sound source un'il 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 8 is very great, especial 
ly compared With conventional sound transducers. More 
over, the damping effect of the fluid 4 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 i8 thus flexes an amount 
proportional to the intensity of the sound. Movement of 
the diaphragm 8 changes its distance from the first ca 
pacitor plae 16, causing a change in the capacitance of 
the capacitor comprising the plate 16 and the diaphragm 
8. 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 milionths of an inch relative to the 
capacitor plate 16 to provide a useful output voltage at 
the discriminator output terminals of one tenth cf a 
volt. 
The invention described herein provides highly efficient 

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 flexible dia 
phragm member, pressure sensitive capacitor means 
mounted within said casing, said capacitor means com 
prising a pair of electrodes, one of said electrodes being 
a relatively rigid metali sheet member and the other of 
said electrodes being a conductive flexible membrane, 
and a fluid 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 
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4 
trode and a conductive flexible membrane electrode sepa 
rated by an air dielectric, and means including a fluid pro 
vidinga sound transmission medium between Said dia 
phragm member and said capacitor means to provide 
variation in the capacitance of said capacitor means 1ri 
response to sound from Said source. 

3. A sound transducer comprising, in combination, ani 
oscillator circuit, tuning means for said oscillator circuit 
including a pressure sensitive capacitor, Said capacitor 
comprisinga metal sheet electrode anda conductive mem 
brane electrode separated by an air dielectric means for 
engaging said transducer in soundtransmission contact 
with a sound source including a thin diaphragm, means 
providing a fluid 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 oscilator circuit. 

4. A sound transducer for a medical stethoscope comº 
prising, in combination, a casing for said transducerinº 
cluding a thin flexible diaphragm member for contacting 
the body of a patient, pressure sensitive capacitor means 
including a conductive flexible membrane mounted within 
said casing, and a fluid having a specific density approxi 
mately equal to the specific density of the human body 
contained within said casing between said diaphragm and 
said capacitor means to provide with said diaphragma 
uniform sound transmitting medium between said body 
and said capacitor means. 

5. A sound transducer as defined in claim 4 Wherein 
said fluid is silicone. 

6. A sound transducer comprising, in combination, an 
oscillator circuit, tuning means for said oscillator circuit 
including a pressure sensitive capacitor, said capacito 
having a first rigid plate and a second flexible plate, means 
for engaging said transducer in sound transmission con 
tact with a sound source including a thin flexible dia 
phragm, means providing a fluid 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 defined 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 oscil 
lator tank circuit including a pressure sensitive capacitor, 
said capacitor including a first rigid conductive plate 
mounted on said printed circuit board and a second flexi 
ble metal coated membrane plate mounted in close spaced 
relationship to said first plate, means for engaging said 
transducer in sound transmission contact with a sound 
source including a thin flexible diaphragm, means pro 
viding a fluid 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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