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INTRODUCTION
To a first approximation, the linear dimensions oi the walls of most halls are considerablygreater than the wavelength at the sound _in the nuddle to upper frequencyrange where thetransient response of the hall 15 most cntIca . It Is therefore valtd to consrder reflection interms of an tma e source as the wall approximatesto an infinite reflecting lane. Moreover,because the tota distance travelled by suchreflections between source an receiver is manytimes the wavelength, such image sources may be regarded ‘as incoherent. For simplici ofanalysis, a gaussian pulse is assumed to emanate from a pornt, monopole source and al ef-fects of air absorption have been neglected.

THE ADDITION OF MULTIPLE IMPULSE REFLECTIONS
Figure 1 depicts a source and receiver in a rectan lar enclosure with co-ordinates defined asshown. The (ijk? reflection is then defined as t at which arises from iJ,k reflections fromwalls perpendIcu ar to ll, 1;. 1 having absorption coefficients ([1, a2, (13 respectively. Such areflection can then be regarded as being due to an Image source distant xijk from thereceiver.
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It has already been shown [1] that

xzijk = F120) + F220) + 17320:) where
Fl(i) = (i - 1)]1 + 51 + (11 (i add)

= il1 + d1 -si-(i even)

and similarly for

F20), Rm (1)
The delay caused by travel over this digitance will he Xich and the ma "rude of the peak in-
tensity Will be reduced by a factor of x 'jk for a pomt source and also y each reflection from
an imperfect reflector according to the factor

(1.fll)lil (1.5) “I (1.9m

The gaussian pulse, at distance x from the source is described by

= 1a _ z — t2 - (2)I(x,t) v exp ( (if) )

where In is the peak pulse intensity at unit distance from the source and t is the time at which
the pulse reaches its maxrmum intensity. By setting t = 0 when x = 0, ’ '

=xjk_tin c

Thus the intensity of the ijkth reflection varies with time according to the expression

.. =‘o “In _ m _ Ikl -(t-xa-vc)1tum) aka 1) (1 a2) (1 a3) (3)

and the total effect of all image sources is given by

mt) = ‘1' lijk(t) (4).a
i=0.
k=0

For convenience hit) is expressed as a level on a relative dB scale, L45, using the expression
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143 = 1010g1o (1061T(t)/ID) (5)
where In is the peak intensity of sound travelling directly from source to receiver.

In this way, [43 = 0 corresponds approximater tot = reverberation time of the enclosure.
The parameter a may be used to scale the length of the pulse.

COMPUTATIONAL RESULTS

The summation. fieguation 4) can only be achieved over a_ finite number of terms and in this
case values of 1,], om -S to 5 are used, resulting in 1330 image sources.

Of particular interest in the design of a hall is the variation in transient res onse as a func-
tion of receiver. or audience, osrtion within thehall. For an enclosure of ip1'ensions 30 m
long x 20 m wrde x 20 m hig , the res onse to a ulse havrnfi a = 5 x 10' s where both
source and receiver are located on the CHE centre 'ne of the oor, the effects of increasin
source- receiver separation are shown in igures 2 - 4 for an absorption coefficient of O. .
Fi re 5 shows the eftgct of changes in absorption coefficient upon e response to a longer
pu se of a, = 2 x 10 s in the same enclosure. It is clear that increasing the absorption of
the walls can lead to a more irregular decay profile. '

This approach to transient response is capable of elaboration in that differing absorption coef-
ficients on each wall or parts of a wall could be accommodated. De anures from rectangular
synunetry, whilst possible in principle, would greatly complicate the ocatton of image sources.
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