Impedance and impulse response measurements using low-cost
components. M. I. Ibisi (University of Jos, Jos, Nigeria) and A.
H. Benade (Case Western Reserve University, Cleveland, OH 44106)

A thin 27-mm-o.d. disk transducer (from Radio Shack 273-060 sig-
naler) is RTYV sealed to the end of a measurement tube whose 15 mm i.d.
not only approximates the transducer disk’s nodal circle but also the i.d. of
a clarinet, sax, or trumpet mouthpiecé. A 10-mm-o.d. electret micro-
phone element (Radio Shack 270-092) mounted through the tube wall
near the piezo driver picks up the resulting pressure signal. When the high
mechanical impedance driver is excited by a sinusoidal sweep via a 6-dB/
oct integrator, the resulting pressure signal gives an excellent view of the
input impedance of the air column over the musically useful range to 3.5
kHzsince the driver resonance is at w,/2m~5 kHz and bandwidth g~w,/
6. A ramplike drive voltage (running between op-amp supply limits) of
the form A (1 — e~ #"?) for 6<1<2m/w,, and constant thereafter, gives a
clean pressure pulse ~ const.(1 — cos w,? ) whose FWHM ~0.1 ms is con-
venient for impulse response studies. Drive signal spectrum, piezoelectric
coupling, and driver-to-tube coupling each minimize transducer second-
mode ringing effects. Driver-to-mike proximity effects are small, visible,
calculable, and easily allowed for in both impulse and sinusoidal drive
usage. The driver is not quite rigid, perturbing the air column slightly, but
corrections are straightforward. Applications for research and in teaching
labs will be described. [Assisted by NSF.]
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IMPEDANCE AND IMPULSE RESPONSE MEASUREMENTS
USING LOW-COST COMPONENTS

We had four main reasons for pursuing the project that is
described in this paper.

(a) There is a continuous need for reasonably precise mea-
surements of the input impedances of air columns among those of
us who study musical wind instruments. With some practice one
can learn to "read off" not only the type of instrument and the
note that is fingered, but also its general docility in the hands
of the player and even something about its tone color.

(b) From time to time we have also felt the need for mea-
surements of the impulse response behavior of instruments, espe-
cially the brasses (which tend to be several wavelengths long in
their normal playing range). More important: McIntyre, Wood-
house, and Schumacher have devised an elegant and powerful time-
domain approach to the nonlinear regeneration processes of vio-
lins (their original problem) and of wind instruments. This
makes it essential that we be able to precisely measure the im-
pulse response of our oscillating subjects. A particular virtue
of their methods is that one need have an accurate picture of
only the "first return” after the initiating impulsive stimulus.

(c) As our understanding of wind instruments has grown to
the point where scientific insights can actually be used to guide
the development and adjustment of instruments, the craftsman is
beginning to ask for straightforward and inexpensive pieces of
measurement apparatus which he can use in his daily work, appara-
tus which may not have the versatility and precision of labora-
tory equipment, but which is robust and dependable.

(d) Finally, many of us in the academic world wish to pro-
vide our students with sturdy pieces of equipment to show the
fundamentals of waveguide and horn acoustics. The equipment
should be simple, so that even the beginner can use it; it should
work in ways close enough to first principles that its operation
can be given an elementary explanation; and its structure should
be such that more esoteric aspects of its behavior can readily be
studied at a more advanced level. Of course, in these days of
constricted financing, cheapness is a nontrivial virtue to add to
the list of desirable qualities!
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