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INTRCDUCTTON

The transmission of sound within a room is a comparitively neqlected arna of
Bullding Acoustics. The conventional model of the sound field produced by a
gource In a room assumes that the energy received at a point may be divided
into two componente: a dicect component, which vartea as a function of peslbtion - |
according to the inverse square law, and a reverberant component wlhiose level
15 conatant throughout the room.
shich thin simple model are based do not apply in practlce and the assoclated

Bowever, in many cases the assumptions on

sound fields are therefore likely to depart from the direct/reverberant form
also. For example, many rooms do not have all three dimensions of asimilar
magnitude but héve one which differs significantly from the other Lwo, the
absorption 18 concentrated on one or two surfaces rather than distributed
uniformly around the room, and they contain large litems of furniture which
break up the volume into a number of connected spaces rather than a single spare
Al though Bome work has been carrled out on propagation of sound In such situa-
tians, ne general unde;_‘sl:andlm_:; of the acoustic properties seems Lo have
emerged,

A gecond limitation
found in builldings.
apply to the steady

of the simple model relates to the nalure of the sources
The assumption of a constant reverberant field can only

state conditions produced by contlnuous sound sourcesi in

the case of lmpulsive sources, ruch as speech, the field is dynamic and must

inevitably vary to some extent with position in the room.

. The aim of the work descrlbed in this paper is to lnvestigate the properties
" of sound flelds associated with the more general spatial geometries found in
worklng spaces in buildings and to evaluate the effects of major deslgn varla-

bles, such as size and shape, on these flelds.
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EXPERIMENTAL PROCEDURE : o

The general aim of the experimental work is to obtaln, for each rocom studied,
a series of energy maps, each of which shows how the energy produced at a point
iz distributed through the room as a function of space and of time. By norma.
lizing these maps to a constant source strength, a direct compariscn between

the characteristics of different spaces can be made.

The importance of the temporal data is seen to be twofold: (1) the energy
history data can be related to the geometrical characteristlics of the room,
and (i1) 1t allows the energy received to be weighted to.reflect the lntegra-

tion characteristics of the human ear.

The Lnstrumentation used is shown in Figure 1, Two sources of impulse sound
are used, a spark discharge and an onnidirectional loudspeaker. The spark
source operates at a voltage of 3,5KV and produces a clean pressure signature
similar to a single cycle of a 6KHz tone. The loudspeaker consists of twelve
KEF midrange units mounted in a dodecahedron cablnet of maximum dimension
approximately 40cms, and driven by a conventional signal generator. The A/D
converter employed in the processing of the recorded impulse responses 1s a
14 bit device which is operated by the associated software at a sampling rate
of up to 50KHz. This rate 1s not sufficiently hinh to allow accurate sampling
of the spark pulse since a sampling interval of 20psec allows only some 9-.10
points per signal to be obtained. The tape recorder is therefore operated at
1/10th speed for the first 100msec of the impulse response {in which streng
discrete reflections are likely to be present) and a 20KHz sampling rate is
used so that the effective sampling rate 1s 200KHz. This provides & sampling
interval of Sjisec and glves some 36-40 points per spark signal.

The procedure adopted on site 1s as follows. For each room under study, a set
of sourée positions and propagation axes are chosen. These reflect the parti-
cular geomtery of the room but generally include points near the centre of the
room, adjacent to the centre of a wall and in a corner, and axes parallel to A

wall and dlagonal. For each sourcefaxis combination, measurements of the
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impulse responses are carried out at a series of positlons along the axis and

the results recorded on one channel of the tape recorder. In addition, the
impulse response at a reference distance, 2m, is recorded simultanecusly on a
second -channel, {Because of the short duration of the spack pulse, <200Psec.
corresponding to a path length of £ 7cm, the direct pulse'hthe reference micro-
phone 1s unaffected by reflections in all but extreme cases and can therefore

be used to normalize the energy measured by the 'raving' mlcrophone to a constant

sourée energy, geherally taken to be 100 Joules/m at 2m from the sourcel.

The -energy received from each pulse ls squared, integrated and normalized. The
data produced on each impulse response by the standard processlng program used

conglsts of:

i, energy and energy level per 1msec interval up to 100msec
1i. energy and energy level per Smsec lnterval up to 100msec
1ii. energy and energy level per 100msec up to 1000 msec.

iv. energy and enerqgy levels in a series of 'basic' time intervals

including 0 - 0.2 msec (direct energy)
0.2 -~ 15 msec  (carly reflected energy)
15 - 50 msec - (early reverberant energy)
L S0 - oo (late reverberant energy}

Note In these results, 'energy' 1s expressed in terms of pJoulesﬂf , and
the more useful 'energy level' as dB re. 10712 Joulessn .

RESULTS

The technlque is being used to bulld up a library of impulse response charact-
eristics assoclated with dlfferent room geometries. Figure 2 gives examplesa
of the results obtained for the ‘early' energy received in rooms of different
517es with a simllar set of surface finishes; early energy is taken here to be
that which arrlves within SOmsec of the direct sound, the value considered by
some authors to be the appropriate Integration time for the ear to be used when

estimating the intelligibillity of speech in buildings.
Tt is evident that the energy level does not follow a direct/reverberant sound

field pattern, the levels are different at 2m and fall at different rates as a
function of logldistance from scurcel.
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FIGURE 1 Instrumentation for Field Measurement and Analysis
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FIGURE 2 Examples of Early Em Pistance Functions in Rooms with Average 1‘
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