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1. Introduction

with recent advances in electronic devices and signal processing technigues
pertaining to both analogue and digital methods, acoustic intensity measurement
by the two-microphene method is becoming widely used. One of the most ilmpor-
tant aspects is the choice and configuration of transducers, particularly for
measurements at the extremes of the frequency scale. Cne microphone arrange-
ment which is currently used consists of half-inch micrephones placed face-to-
face, which sense the pressuxe field through slots around the circumference of
a cylinder comprising the microphcnes and coaxial mountings.

This report presents the results of an investigaticn of some of the acoustic
characteristics of a face-to-face microphcone arrangement, and the consequences
of these characteristics on the accuracy of measurement of sound intensity.
It 1s primarily concerned with amplitude response.

2. Directicnal Reésponse

The directional respcnse of a face-to-face micropheone configquration was
determined for varicus frequency bands of plane waves travelling normal to the
axis of the mounting stems, The measurements wers made in an anechoic
environment, the source being a loudspeaker producing white noise. The 1/3-
octave filtered electrical signal produced by one of the pair of microphones
was recorded as thay were rotated by a turntable.

Figure 1 shows the directional respomse for the 12.5 kHz 1/2 octave band. This
plot shows the nature and relative magnitude of the directional response, the
datum heing the response at 00. the direction of maximum respense, when the
pansing microphone is facing the source. This respanse shows characteristlic
lobes due to diffracticn: & total of eight lobes for the 20 kHz and 16 kHz
bands, six for the 12.5 kHAz and 10 kHz bands, four for the 8 kHz and 6.3 kHz
hands, and only the two principal lobes (commen to all frequencies)

discernible for the 5 kRAz and 4 kHz bands.

The function governing this behavicur is:
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where a = radius of cylinder
k k gin ¢
E = wavenumber
? = angle between microphone axis and field direction
(2] = pankel function.
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As the microphone ia rotated from Oo incidence then k_ increases from O to a
maximm value of k. R8s k increases the number of si¢gnificant terms increases
which interfere to produce the characteristic responses.

3. Frequency Response

To relate the directional respanses, the frequency response of the basic micro-—
phone element is required.

The fileld was calibrated for 1/3-octave filtered bands of nolse from 4 kHz to

20 kHz centre frequencies using a Brilel and Kjaer 4133 free field microphone, of
which the free field response is knewn, facing towards the source. The face-to—
face microphones were then placed in this ‘calibrated field positiom at a
specified orlentation to the field (OQ in the first instance}) and the l/3-octave
responses of one microphone noted. The diaphragm of the microphcne forms one
end wall of a cylindrical cavity, the other end wall being an aluminium cap
fitted to the face of the protection grid. Approximate dimensions of this
cavity are a radlus of 6.6 mm and a length of 1 mm.

At low freguency, the distribution of the magnitude and phase of the pressure
oscillations will be essentially uniform within this cavity; at-higher
frequencies the first radial acoustic rescnance is approached. The mi¢rophone
electrical output will be a weighted average of the pressure distributicn

within the cavity, the weighting being due to the varlaticn of sensitivity across
the micrephone diaphragm.

To infer the "diaphragm averaged" pressure in the cavity, the actuator response
of the microphope is subtracted from the readings and to normalise, the field
correction (as measured by the 4133) is also subtracted. An adjustment must
also be made to campensate for sensitivity differences. This gives {in dB} the
diaphragm averaged pressure in the cavity relative to the excitation pressure of
the incident field. This procedure was followed for three microphones which
are all one half-inch in diameter but with different sensitivities and actuator
responses. The cavity pressure gains show that the range of dynamic diaphragm
characteristics represented here have a small effect compared to the overall
gffect of the radial resonance, and that this resonance follews closely to

20 log 1/J_ except at high frequency near the resonance, where damping will
determine fhe characteristic.

4. Discussion

A way of exploiting the non-uniform directlonal and frequency response charac-
terintics is to choose a saparation distance for the microphones which produces
a finlte separation error in intensity measurement which compensates for the
radial resonance gain. For the case of half-inch microphones this distance is
approximately 12 mm. This will alsc produce a partial compensation at angles
other than O to the incident field and thus increases the directional range for
a given limlt of accuracy. For this compensation teo work, the actuator response
of the microphone must be flat to the highest desired frequency, that is to say
pressure microphcnes are more sultable than f£ree-field microphones.
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Figure 1. 12.5 kHz Directional Response.
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(12 m, &%)
Frequency F.S.E. Migrophone
{HZ) {aB) Response (0)
{dB}
12500 -B.9 +7.9 +2.0
10000 -4.4 +4.7 0.8
“8000 =-2.6 +2.4 +0.4
6300 -1.5 +1.7 0.2
5000 -0.9 +1.3 *0.1
4000 Q.6 +0.5 *0.1
Figure 2. Table of 12 mm Finite Separation Errcr and

a 0 incidence microphene frequency

reaponae.
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