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INTRODlmON

1he transmission of sound within a room is a comparltlvely neglected area of

Building Acoustics. The conventional model of the sound field produced by u

source in a room assumes that the energy received at a point may be divided

into two components: a direct component. which varies as a function of position ‘

according to the inverse square law. and s reverberant component whose level

is constant throughout the room. However, in many cases the assumptions on

thiCh this simple model are based do not apply in practice and the associated

sound fields are therefore likely to depart from the direct/reverbnrsnt form

also. For example, many rooms do not have all three dimensions of similar

magnitude but have one which differs significantly fran the other two. the

absorption is concentrated on one or two surfaces rather than distributed

uniformly around the room, and they contain large item: of furniture hhich

break up the volume into a number of connected spaces 'rather than a single space

Although some mrk has been carried out on propagation of sound In such situa-

tions. no general understanding of the acoustic properties seem: to have

energed.

A second limitation of the simple model relates to the nature of the sources

found in buildings. The assumption of a constant reverhernnt field can only

apply to the steady state conditions produced by continuous sound sources; in

the case of impulsive sources, such as speech, the field is dynamic nnd must

inevitably vary to some extent with position in the room.

_ 'ihe aim of the writ described in this paper is to investigate the properties

of sound fields sssocipted with the more general spatial geuuetriea found in

working spaces in buildings and to evaluate the effects of major design varia—

bles. such as sizeand shape. on these fields.    
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EXPERIMENTAL PROCEDURE ' ' ‘ w

The general aim of the experimental mark is to obtain, for each room studied,

a series of energy maps, each of which shows how the energy produced at a point

is distributed through the room as a function of space and of time. By norma-

lizing these maps to a constant source strength. a direct comparison between

the characteristics of different spaces can be made.

The importance of the tenporal data is seen to be twofold: (i) the energy

history data can be related to the geometrical characteristics of the roan.

and (ii) it allows the energy received to be weighted to‘ reflect the integra-

tion characteristics of the human ear.

’lhe instrumentation used is sham in Figure 1. 'mo sources of impu] 5e. sound

are used, a spark discharge and an omnidirectional loudspeaker. 'me spark

source operates at a voltage of 3.5KV and produces a clean pressure signature.

similar to a single cycle ofa 6KHz tone. The loudspeaker consists of twelve

KEP midrange units mounted in a dodecahedron cabinet of maximum dimension

approximately malls, and driven by a conventional signal generator. The A/D

converter anpioyed in the processing of the recorded impulse responses is a

‘14 bit device which is operated by the associated software at a sampling rate

of up to SOKHz. This rate is not sufficiently high to allow accurate sampling

of the spark pulse since a sampling interval of 20psec allows only sane 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 strong

discrete reflections are likely to be present) and a 20K”: sampling rate is

used so that the effective sampling rate is ZOOKHz. This provides a sampling

interval of Space and gives some 36-40 points per spark signal.

The procedure adopted on site is as follows. For each room under studyI a set

of source 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 diagonal. For each source/axis combination, measurenents of the  
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impulse responses are carried out at a series of positions along the axis and

the results recorded on one channel of the tape recorder. In addition, the

impulse response at a reference distance. an. is recorded simultaneously on a

second-channel. (Because of the short duration of the spark pulse, <200psec.

corresponding to a path length of < 7un, the direct pulseu'athe reference micro-

phone is unaffected by reflections in all but extreme cases and can therefore

be used to normalim the mergy measured by the 'roving' microphone to a constant

source energy. generally taken to be 100 Joules/mI at an fran the source).

The'energy received from each pulse is squared, integrated and normalized. The

data produced on each impulse response by the standard processing program used

consists of:

1. energy and energy level per imsec interval up to mamas:

ii. energy and energy level per Smsec interval up to ‘10st

iii. energy and energy level per 100mg: up to 1000 msec.

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

including 0 - 0.2 msec (direct energy)

0.2 — 15 msec (early reflected energy)

15 - 50 msec (early reverberant energy)

l- 50 - no (late reverberant energy)

Note In these results, 'mergy' is expressed in terms of pJoules/m' , and

2
the more useful 'energy level' as dB re. 10-1 Joules/mI .

RESULTS

The technique is being used to build up a library of impulse response charact—

eristics associated with different room geometries. Figure 2 gives examples

of the results obtained for the 'early' energy received in rooms of different

‘sizes with a similar set of surface finishes; early energy is taken here to be

that which arrives within 50msec of the direct soundI the value considered by

some authors to be the appropriate integration time for the ear to be used when

estimating the intelligibility of speech in buildings.

It 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 logidistance from source).
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FIGURE 1 Instrumentation for Field Heasuranent and Ana}. sis
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