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SIMULATED FREE FIELD
MEASUREMENTS

Christopher J. Struck & Steve F. Temme

Briiel & Kjeer -

DK-2850 Neerum, Denmark

ABSTRACT

The development of time selective techniques has enabled measurements of the Free Field
response of a loudspeaker to be performed without the need for an anechoic chamber. The
low frequency resolution of both time selective techniques and anechoic measurements is,
however, limited by the size of the room. A technique is presented enabling measurements
of the complex Free Field response of a loudspeaker to be performed, without an anechoic
room, throughout the entire audio frequency range. It is shown that this technique can
also be used for measurements of harmonic distortion.



GLOSSARY OF IMPORTANT SYMBOLS
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radius of driver (or equivalent rigid, flat, circular piston)
length of major semi-axis of ellipsoid

speed of sound (344 m/s)

distance from source to measurement microphone (direct sound path)
reference distance (e.g. 1 metre)

distance from source to first reflecting surface to microphone
(path of first reflection)

frequency range

frequency

transition frequency — Near Field / Far Field measurement
frequency resolution (lower limiting frequency)

Near Field response of loudspeaker

Far Field response of loudspeaker

length of minor semi-axis of ellipsoid

wave number (2r/A)

wavelength of sound

largest linear dimension of source

harmonic order

reference electrical power level (e.g. 1 Watt)

reference sound pressure level (e.g. 20 pPa)

effective surface area of driver

effective surface area of port

time range

time resolution

time delay

delay in sound arrival corresponding to reference distance
dB reference

nominal impedance of loudspeaker



1 INTRODUCTION

The purpose of this paperis to present a convenient method for obtaining the complete Free
Tield response of aloudspeakerin an ordinary room, making as few assumptions about the
device under test as possible. Before attempting to obtain the Free Field response of a
loudspeaker, it is useful to know what is meant by “Free Field”. A Free Field describes
idealized sound propagation with no reflections, i.e. only the direct sound from a source can
be observed. This occurs naturally in open outdoor spaces, high enough above the reflective
surface of the earth. It can also be created artificially by constructing an anechoic room.
In this case, a large room is built using highly absorptive material on the walls, floor, and
ceiling. The lowest usable frequency is determined by the depth of the absorptive material
and smallest dimension of open space available, usually floor to ceiling height. Normally
the volume of the device under test must be less than approximately 1% of the volume of
the open space available in the anechoic room. The depth of the absorptive material is
approximately equal to 1/4 A of the lowest frequency that can be effectively absorbed. In
practical terms, this translates to a minimum room dimension of

h=152 (1)

(see Fig. 1). Using the definition of the speed of sound

c=fA (2)
this becomes
h = 1.?0 3

For measurements down to f = 20 Hz, & = 25.8 meters (without absorptive material).

The opposite case, a Diffuse Field, is created when the sound pressure arrives from all
directions with equal magnitude and probability. A Diffuse Field can be approximated
with a reverberation chamber, which is constructed with many irregular, highly reflective
surfaces.

A sound source can be considered to be a point if the wavelength of sound radiated is large
compared to the size of the source. This occurs in practice when the distance from the
observer to the source is large compared to size of the source. Such a point source will
radiate spherically (47 sr) into a Free Field in all directions, if there are no reflections (see
Fig. 2). Note that under these conditions, the sound field is very well behaved and the sound
pressure level changes —6 dB for every doubling of distance from the source, as shown in
Fig. 3. At this point, one is said to be in the Far Field of the source. For long, narrow line
sources, the sound radiation will be cylindrical (see Fig. 4). In this case, the sound pressure
level will change by —3 dB for every doubling of distance from the source. In practice, these
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