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Frequency Response Measurements on Commercially Available Stethoscopes
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A study on the acoustical properties of
commercially available stethoscopes. The frequency
responses of the stethoscopes were measured with and
without the ear tubes. The results indicate that the ear
tubes and the diaphragm are the major
" factors in
Abstract:

shaping the stethoscope's
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sound.

INTRODUCTION

The definition of
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stethoscope

with good

sound

quality has, quite naturally, come from the doctor. In this
study, the acoustical properties of selected commercially
available stethoscopes were measured. The objective was
to define with measurements the acoustical properties of
a 'good sounding' stethoscope, as described by doctors.
Also we wanted to determine the physical properties of
the stethoscope that shape the sound.
Excellent studies on stethoscope acoustics have been
published, for example by P.Y. Ertel et al. [1] and M.B.
Rappaport et al. [2].
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Figure

1. the

frequenry response

of a

cardiology

stethoscope's diaphragm measured without the tubes (A)
and with tubes @).

METHOD

10

The method is based on the work of P.Y. Ertel et al.
[3]. An enclosed loudspeaker was used as a signal source.
0
This signal was measured at the source and at the end of
the stethoscope, amplified, digitised using a data
acquisition card and saved in a computer's memory. o rn
o - 'v
Electret microphone was used in the measurements. The
frequency response of a stethoscope is thus obtained. The

measured signals were saved

in a

computer

and

,n

processed with Matlab software. The stethoscopes were
measured with and without the ear tubes.
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RESULTS
Some

of the results are displayed in the following
I shows the frequency response of a

figures. Figure

cardiology stethoscope's chest piece, measured from the
diaphragm side with and without the ear tubes. The
single resonance peak without tubes is caused by the
volume of the chest piece. The multiple resonances seen
with the tubes are caused by the air space of the tubes.
Figure 2 shows the difference between a cardiolögy
stethoscope (A) and an ordinary stethoscope (B)
measured with the tubes attached. The measurements are
from the diaphragm side of the chest piece. The ordinary
stethoscope attenuates sounds more than the cardiology

stethoscope

over the range

20-2
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Figure 2. Frequency response of a cardiology stethoscope
(A) and an ordinary stethoscope @) measured with the
tubes.

Figure 3 shows the frequenry response of two
cardiology stethoscopes, an original and a copy. The
stethoscopes were measured from the diaphragm side
with the tubes intact. The stethoscope B is very similar to

the

stethoscope

A, the major difference being the

diaphragm material. The peaks are almost in same
frequencies due to the equal length of the tubes. The
frequenry response of the stethoscope B is similar to A
but attenuated over the range 20-2 000 Hz because of the
different diaphragm material.
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One example of the differences between cardiology
stethoscopes and ordinary stethoscopes is displayed in
diagram 2. It is seen that the ordinary stethoscope (B) is
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Figure 3. frequency responses of two similar cardiology
stethoscopes.

DISCUSSION

The results indicated that the most significant single

parameter shaping the sound in the acoustical
stethoscope is the tubing. This is easily seen from
comparison of the frequency responses of the same
stethoscope measured with and without the tubes (Figure
l). The frequenry response of the chest piece is quite flat
up to the resonance frequency around L Wlz With the
tubing attached, more resonances appear and they are
situated in the heart sound frequenry range.

Another shaping factor is the diaphragm. Comparing
the two frequency responses in figure 3 it is clear that the
diaphragm plays a major role in a stethoscope's sound.
The overall attenuation and the poor low frequenry
response are clearly seen.
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almost 10 dB less sensitive than the cardiology
stethoscope (A). This may be due to the smaller tube
diameter. Also the poor low frequency response of A is
evident.

CONCLUSIONS

From the measurements obtained the

differences

between stethoscopes were easily seen. The classification
of a stethoscope having a good or poor sound quality can
be based on the frequenry response measurements. A
stethoscope with a poor sound quality attenuates sounds
overall more than a good cardiology stethoscope. An
ideal diaphragm attenuates only the low frequencies of
the sound and leaves the higher frequencies unmodified.

This study is a part of the development of an
electronic stethoscope. The results indicate that
reproducing the stethoscope sound electronically should
not be a problem with modern technology and there is no
reason why an electronic stethoscope can not equal, if not
excel an acoustic stethoscope in performance.
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