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This invention relates to acoustic devices It is also well known that the expression and particularly to stethoscopes. - 
An object of the invention is to provide a a (r. -- jum) 

simple, durable and inexpensive acoustic in- inly g 55 
3 strument, which will faithfully and efficient- (g -- s (2) 
ly reproduce in the ear of an observer the Z = — — 
internal body sounds such as those of the 
circulatory and the respiratory organs, or is the mechanical impedance of an air 
sounds from other. Subjects under study. column of uniform area with distributed 
A feature of the invention is the acoustic constants where r, g, m and 8 are the re 

matching of impedances from the body to sistance, conductance, mass and stiffness per 
the ear passage thereby providing a stetho- unit length and area. D is 2n times the fre 
scope with substantially no transition losses. quency and a is the total area. In the case 
The mechanical impedance of a given area of a column of air, where 7 and g are negli- i5 

of the chest or other part of the human body, gible in comparison with the other factors, 
and that of the ear canal or a column of air the expression reduces to the form 
of a definite area and termination being 
known, the invention provides means for Z = a Wims. (3) 
transmission of sound energy therebetween c. linq r. 
at maximum efficiency. ..", they of n, and s are known for Tinction in its preferred form com- air the above expression reduces to prises in part a pick-up device consisting 
of a vibratory diaphragm carrying a con- Z = 41.5a. C. (4) . 
tact member of soft elastic material. These o 5 
elements are so proportioned that they com- Due to the unevenness of the chest wall, 
prise a coupling which substantially Serves especially for emaciated patients, the maxi 
as a perfect transformer. From the space mum satisfactory area of contact is taken 
behind the diaphragm to the ear canals, the as 3.9 square cm. for which the impedance is 
intervening air passages have been con dyne seconds 
structed in exact ratios from predetermined approximately 15000. At the 
values of the relative impedances of these C. 
elements, completing an accurate acoustic ear the area of the canal is approximately 
line R body to ear as will be hereinafter .5 sq. cin, with a termination such that the described. 

Referring to the drawings, Fig. 1 is a dia- impedance is approximately glidyne seconds. 
grammatic sketch in section of the instru- - C. 
ment, which will be referred to in the mathe. Now in the Systein by which the motion 
matical discussion. of the chest wall of a patient produces the 

Fig. 2 is a perspective view of the inven. Sensation of hearing on the part of an ob- 90 
tion in its preferred form. Seryer, the two, elements, the impedances of 

Fig. 3 is a cross sectional view of the which differ in magnitude, can be joined to 
pick-up device. transmit the vibrational energy of the pa 
It is well-known from the theory of the tient efficiently by use of an acoustic trans 

transformation of mechanical impedances by former, just as in electric systems unequal 95 
means of diaphragms and fluids confined in impedances are often connected by an elec 
chambers, that the ratio of the impedances tric transforme' to obtain maximum effici 
(Z) is directly proportional to the squares ency. In this connection and referring to 

3) 

dyne seconds. 

of the effective areas (a), that is: Fig. I of the drawings, Z is the impedance 
r 2 of the ear canal, A, the effective area at this 10e 
2. r ai. (1) - point, 2, the impedance of one of the tube 

'2 branches, and As the area of this tube. We 
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find from equation (1) that the impedance 
of the ear measured from the tube is 

A 2 

A, (5) 
At the chest Wall Z, is the impedance look 

ing into the body, A, is the effective area of 
the diaphragm, Z is the impedance of the 
connected outgoing air passage and A is the 
area of this passage. Substituting in equa 
tion (1) as before the following expression 
is obtained for the chest impedance measured 
through the tube A 

A 2 
A.' (6) 

The characteristic impedance of each ear 
tube of area. As by equation (4) is: 

Z-41.5A, (7) 
For minimum transition loss at the Y junc 
tion in the branching air tubes, the sum of 
the characteristic impedances of the two 
branches must be the same as that of the 
main tube. Thus there results the following 
equation: - 

2Z, -Z. (8) 
from which - 

2A-F.A. (9) 
7-7. Also for maximum efficiency Z=Z and 

Z=Z and by solving the various equations 
the areas at the various parts of the system 
for the terminal impedances specified above, 
are found to be as follows: 

A = A, 7-8.8s Sq. Cn. 
2 

As = 41. :- .109 sq. cm. 

A4 = 2A3 = .218 sq. cm. 
It is therefore clear that for a given ear 

impedance Z, and chest impedance, Z, only 
one acoustic line can exist for which the 
transmission of sound from the chest wall 
to the ear drum will occur without loss due 
to improper impedance relations and that 
when this condition exists the distortion of 
sounds by the system will be a minimum. 

In Fig. 2 the stethoscope is shown com 
prising ear tubes, 10, connecting tubes 11...Y 

60 clusions of 
The main tube i3 is made with a cross-sec 

piece 12, main tube 13, and a pick-up device 
14. The construction of the air passage ele 
ments from the pick-up device 14 to the ear 
may be of any well known type and of any 
suitable material so long as the cross-sec 
tional area is the size specified in the con 

the mathematical analysis. 
tional area, twice as great as one of its 

65 

branch tubes 11, as noted above if one person 
is to observe but may be made any multiple 
of 2 for larger numbers of observers. 
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Referring to Fig. 3 which shows the pick 
up device in cross-section, a base 20 has a 
stem 21 forming a mounting for the main 
tube. 13. A diaphragm 22 is held in posi 
tion and protected by an annular ring 23 
which is attached to the base 20 by means of 
screws 24 or threads. The ling 23 and base 
20 constitute a casing for the diaphragm. 
The diaphragm 22 may be of any suitable 
metal and may be corrugated or ribbed to in 
crease the stiffness of the material. To ob 
tain the greatest effective area with a mini 
mum diameter and to withstand excessive 
pressure, the diaphragm is preferably made 
conical although this is not necessary to the 
functioning of the instrument as a flat dia 
phragm with proper characteristics could be 
employed. The conical diaphragm further 
makes possible a more compact and rugged 
structure. A gasket 25 is used between the 
ring 23 and the base 20 to form an air tight 
connection. - 

Cemented to the center and covering ap 
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proximately one-half the area of the dia 
phragm is a contact element 26 comprising 
a mass of elastic material, such as rubber. 
The preferred diameter of this contact ele 
ment is determined by experiment while that 
of the diaphragm is determined by compu 
tation as in the above case. 
A specific example with exact dimensions 

of the various chambers is given here with 
for the purpose of more fully disclosing the 
invention. In one instrument constructed 
and successfully employed by applicants, the 

O 

area of the contact element 26 is 3.9 sq. cm. 
with a diameter of approximately 2.2 cms. 
This element with a depth of approximately 
1 cm. is cemented to the center portion of the 
conical diaphragm 22. The conical dia 
phragm has a free diameter of 3.8 cms. 
which provides an effective area of substan 
tially 8.88 sq. cms. The diameter of the 
cone portion is 3.4 cms. The casing has a 
diameter of 4.7 cms, which is the over-all 
dimension of the pick-up device. 
Leading from the diaphragm chamber is 

the main tube of 0.53 cm. diameter and 

05 

) 

branching at the Y into tubes 11, having 
diameters of .37 cms. for the case of one 
observer. These dimensions make the area 
of the main tube passage .218 sq. cms. and 
that of the branch passages. 109 cms. main 
taining the total area constant from the dia 
phragm chamber to the ear channels includ 
ing ear pieces. 
The above described instrument has been 

constructed from the standpoint of matched 
impedances and the instrument has greatly 
increased and improved the transmission of 
internal body sounds. For the purpose of 
completely disclosing the invention it has 
been described in connection with a specific 
instrument, but the invention is to be limited 
only by the scope of the attached claims. 
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What is claimed is: 
1. A stethoscope having a diaphragin and 

sound passages for transmitting sounds 
from said diaphragm to a point of reception, 
said diaphragm and Sound passages being 
proportioned to transmit said sound with 
substantially Zero transition losses. 

2. The method of increasing the efficiency 
of the transmission of sound in acoustic 
stethoscopes and like instruments compris 
ing matching the acoustic and the mechani 
cal impedances of the instrument through 
out, from the ear canal to the vibrating sur 
face under study. 

3. in a stethoscopic device, a casing, a dia 
phragm, therein, a contact element secured 
to said diaphragm, and a series of Sound 
passages proportioned to correctly couple 
the impedances at the ends of said series of 
Sound passages. 

4. In an acoustic stethoscopic device hav 
ing a vibratory member proportioned to 
match the impedance at the source of sound, 
sound passages leading from said vibratory 
member to the point of reception, said sound 
passages being propolitioned to match the 
in pedance at the point of reception. 

5. In a stethoscopic device, a diaphragm, a 
chamber adjacent said diaphragna, and an 
outgoing passage leading from said chainber, 
said outgoing passage dividing into two or 
more branch passages, the latio between the 
areas of said chamber, outgoing passage and 
branch passages being such as to correctly 
couple the mechanical impedances therebe 
tween for audible frequencies. 

6. In a stethoscopic device, a diaphragm, 
a contact element secured thereto, a chamber 
adjacent said diaphragm, an outgoing pas 
sage leading from said chamber, and branch 

g 

passages leading from said outgoing passage, 
the constants of said diaphragm and contact 
element and the areas of said chamber and 
passages being proportioned to transmit 
sound at the greatest efficiency between said 
contact element and the end of said branch 
passages. , 

7. in a stethoscopic device having a de 
tector end and a receiving end, an acoustic 
line coupling said ends, comprising a plurali 
ty of sections of different cross sectional 
areas in series the ratio of the square of the 
areas of adjacent sections varying directly 
as the impedances. 
8. In a stethoscopic device having a detec 

tor end with an impedance equal to that of 
a given area of chest Wall and a receiving 
end with an impedance equal to the ear canal 
impedance, and an acoustic line correctly 
coupling said ends and said impedance so 
that transmission loss and distortion will be 
a minimum. 

9. A sound receiving instrument compris 
ing a pick-3) element matched in imped 
ance to the ... edium from which the sounds 
are to be received, an ear piece element 
matched in impedance to the ear canal, and 
an acoustie transmission path interconnect 
ing said pick-up element and ear piece ele 
ment, and having an impedance, looking into 
each of Substantially the same imagnitude as 
that of the respective elements throughout 
the frequency range of the sounds to be 
transmitted. 

In witness whereof, we hereunto subscribe 
our names this 1st day of December A. D., 
1925. 

HALSEY A. FREDERICK. 
DAVID G. BLATTNER. 
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