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INTRODUCTION

Probe~tube microphone measurements of sound pressures in the human
ear can provide data of great value, but such measurements are not used
routinely because of the difficulty of the procedure and because of fear
of injury to ﬁhe subject. Elaborate devices have been employed to keep
the probe motionless relative to the subject, and in some cases experi-
menters have felt the necessity of having a physician present when a probe
was inserted into the subject's ear canal.

A relatively simple, safe, and inexpensive method of making in-the-ear
probe measurements is described below.

PROBE-MICROPHONE ASSEMBLY

The probe-microphone assembly consists of a hearing-aid microphone --
in this case the Knowles XL-9073, the "flat" version of the microphone
described by Killion and Carlsonl —- and a formed piece of plastic tubing,
as shown in Fig. i. The probe tube is made of flexible polyethylene for
safety reasons, but the bend that takes it into the ear canal must be rigid
if the position of the probe tip is.to remain stable. Medical tubing (Clay-
Adams Intramedic PE-200, .075-in o.d., .055;in i.d.), which can be formed by
moderate heat, was used.2 A length of solder or soft wire inserted into the
tubing allows the probe to be bent to the desired angle for the heat treat-
ment, after which the jig can be removed without changing the shape of the
formed piece. Boiling water or a light bulb will serve for thé heat. The
tubing fits over the .055-in microbhone inlet nozzle, and is cemented in
place.

Probe tubes of different lengths and shapes are suitable for different

subjects and/or for measuring SPL's at different points in the ear canal. The
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design shown in Fig. 1 is convenient for most adults when measurements are
to be made toward the far end of the canal.3 Needless to say, the individual
subject's canal length should be checked (by otoscope, for example) before
insertion of the probe. A very small piece of absorbent cotton, inserted
about halfway down the longer section of the probe tube, provides acoustical
damping. Damping towards the microphone end of the tube has a greater efféct
on the first resonance peak, while damping at the open end has a greater
effect on the second peak.
INSTALLATION OF THE PROBE MICROPHONE

Probe-microphone measurement procedures are likely to involve a compari-
son between successive in-the-ear measurements under different conditions.
In fhe earphone-transfer procedure described by Corliss and Burkhard,4 the
probe remains in position while the subject puts on different earphones. 1In
the free-field calibration procedure described by Villchur,? ear-canal sound
pressures created by an earphone are compared with sound pressures created at
the same point in the canal by a calibrated free-field source. It is vital
to such procedures that the position of the probe tip stay the same for the
different measurements. When the ﬁicrophone is taped just above the tragus
as shown in Fig. 2 (far enough back from the joint of the jaw so as not to
disturb the proper seating of a circumaural earphone cushion), the probe-tip
position is stable. The probe-tip position is not so stable with othér micro-
phone positions. If the microphone is taped to the concha, for example, the
mechanical pressure of an earphone cushion tends to move the tip from its
free-field position, even when the cushion is the circumaural type. Probe-
tube stability must be checked after the microphone is in place, which can be
done by watching to see whether the tube moves when an open earphone cushion

is pressed against the head.
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Before installing the probe microphone, the subject's external ear
should be cleaned with soap and water so that the tape will hold well, and
the ear canal should be cleaned with a Q-tip and wax softener to prevent
the probe from becoming clogged with wax. It goes without saying that even
with flexible tubing, careful insertion into the ear canal is essential,
particularly with short canals. The cut edge of the tubing should be
smoothed with fine sandpaper.

PROBE-MICROPHONE RESPONSE

Figure 3 shows the typical frequency response and sensitivity of the
probe-tube microphone both with: and without damping. This curve is compared
with that of the Bruel & Kjaer %-in capacitor microphone, against which the
probe microphone was calibrated. The exact frequency response and sensitivity
of the probe microphone may be expected to vary by a few dB from unit to unit,
so that individual calibration is required.

The C-weighted noise level of the XL-9073 microphone is approximately
7 uv. For the damped probe-microphone assembly this is equivalent to am SPL
at 1 kHz of 40 dB re 0.0002 pbar. The A-weighted noise level is 10 dB lowér.
The signal-to-noise ratio doeé not drop as much at high frequencies as it
would if the probe tube had to be long enough to allbw the body of the.micro-
phone to clear an earphone cushion: A long, small-diameter tube introduces
substantial high—frequéncy attenuation without affecting the level of the
electrical noise.

The upper end of the undistorﬁed dynamic range of the microphone is at
least 130 dB SPL with a * 1.5 V power supply and at least 150 dB SPL with a
+ 10 V supply.

ELECTRICAL CIRCUIT
A source-follower output circuit is used. Electrical power is needed

for the internal FET preamplifier in the XL-9073, and is supplied by two AA
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medical tubing but an o.d. greater by .010 in: Size 18 has the same o.d.

as the medical tubing but a smaller i.d. (.042 in), the latter increasing
the peak-to-trough ratio of the probe response. For the 2-cm damped-probe
assembly the ratio is increased to about 8 dB. A smaller-diameter probe may
be made from Intramedic PE-160 tubing (.045 in ifd., .062-in o.d.), at the

price of accepting the larger peak-to-trough ratio.

3A deep probe measurement is preferable when measuring the response of a
supraaural earphone; since the normal transmission characteristics of the
ear canal may be changed by the mechanical pressure of a supraaural cushion.

(See Ref. 5.)
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At higher frequencies, the pressure at a given frequency may vary as much

as 30 dB over different locations within the cavity. (See Ref. 5.)



PROBE - MICROPHONE ASSEMBLY. OVERALL LENGTH
OF THE PROBE IS ca 2 cm, WITH A 70-DEG. BEND
0.4 cm FROM THE MICROPHONE.

* PROBE MICROPHONE IN PLACE,
HELD BY MASKING TAPE.




