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INTRODUCHON

The purpose of this paper is to show how a 3000 seat "fan-shaped' _hall hasbeen acoustically dest ed to compare favorably \Vllh smaller classicallydesigned rectangular hal acoommodatmg performances from full amphony an
choms, chamber muste and.c21mm, _to recitals and musmal eater. .The success.egerstrom Hall's acoust; destagtgots seen not only In the objective datadenved from extensive testing _but by the response of mustaans andperformers, audiences and cnucs after over ayear of operation.

From the objective measures. and suHective correlates ,has oome_a detemtinationof proposed ran es and manmunt v ues for the followmg objective parameters:Clanty Index - ,total sound level -L 10), lateral energy fraction -LE ,and early Egmy tune (0-10 dB) -. ._ A summary ts_gtvep of measureddat enztigy/dtstanee relationships, adtscusston of 'mttma , wrth commentson ener Issues derived from ractical rienee since e o ertin 1nSep§ember 1986. p ape P 8

: DESIGNEVOLUTION,
AREVIEW
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to the acoustical desngn o Segerstrom
Hall have already been resented.
[1][2][3 The first set 9 requirements
Impose u on the design team lag the
chem was hat a multipurpose "t eater"
must be dest ed With excellent sight-
limes and 3,2 seaits. a{\Iysfter n agglus
est sessions an an is 0 con

over angs, lateral sightlines and y
maturnum dtstanqes, the number of seats
required wasjewsed to 3,000. The
theater entenon meant to part that the
rruntmum average distance to the stage'
would heobtatned wjth afan shaped
room. Diligently fitun the _3000 seats
wnlnn wall as s an butldtn. codes
requtred 3 4 m er seat el mg 21
total .floor area o.around 250 m .
Restncttons on manmum \{tsu .dtstances
forced the use ofbalconies tn the

- design“ [1] The result is a {an sha edpnoscemuu OPENING "f0 prim"_o ' which i552 in across a the
Widest pomt.

Fig, 1 . 3000 Seat Sega-5mm. Ha" Discussions on acoustical criteria over
  - - the t 15 ears have centered on theSd'emahc v'ewm‘m Stage desitglshility {at providing the neeessary

gmpunt of .early energy for clan and
intimacy wtth a good deal of tha energy
being Incident laterally relative to the
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frontal plane. [4][5][6][7g With the fan walls si 'ficaritly far from alar e
number of seats near i e middle, it_w;Ls clear at .adfiuate early later
reflections would be difficult to achieve With tradition solutions_ for at
least 1/3 of the seats. Knowm that the hall would beprimarily judged by
its success when used {or symp onic/muSic resentauons, it was also clear
that ade uate reverberation would also nee to be prowded. ll'l contradiction
to a thea er’s need for high C80 values.

The acoustical music/theater related. conflicts and the associated so_ called
roblen'is" were seen .as an oppprtuiuty _ to create a;ne.w solution which was

ound fundamentally in two major architecturally stgruficant approaches.

gust, ige seatin lanes were subdivided -in away which provides interior
boundaries an t eir associated shorter and earlier dela 5.. The wall created a
in the 'irud-fan" zone as seen in Fig. lprowdes the an} im ression of a
narrower room of from 20 to 25 in in Width. By staggering e levels as shown,
a series of surfaces are created which on each seating level provide the
tern orally and directionally ' desired reflections. The large _cleava e"
u ace ' where the gallery fronts cut back,to the "prom," open up t e center
and un er-gallery .posmons to a unified View of the front and provide an -
acoustical connection of those seats With the reverberant field. Hi ly
faceted walls and truncated back comers in each of the four seat panes
complete the trend.

ihe unnustglgahle destgn ieature common to DRS (directed reflection.sequei1ce)
halls [81(9) has been the use of Jar e reflectors which float Within the
volume, _independent of the Side which define the reverberant boundary
as seen tn Fig. 2. Along With the lower stdewalls and subdiViSion seatin
planeshthese are the source of early lateral reflections which. because ey
are _easily aimed, can be used to ba ance the spread of early.ene_rgy across the
audience. Most of these_DRS reflectors have been made diffusmg by applying
linear QRD surfaces,_ which not only spread _the early_ ene out. by prowde
an anded _souroe ima e at an fiven receiver posmon. ese diffusers are
base_ontheprime.number =7. e e51 t‘requen waschosenatf F500 H;
elding.a diffraction bandWidth of 3. octaves. ellington’s Michael Fowler
ntre_ is the first hall in the world to use these surfaces asprominent _

acoustical and Visual elements. Segerstrom Hall is the first such hall in the
US.] [9] [10] In line with Segerstrqm Hall's use as a theater. ,all reflectors
were positioned to royide reflections with the first delays Within the first
0 msec to ensure canty for speech and high articulation sources.

 
ifie large reiiectors . royide an opportunity to add variable absorption to the

'volume in a‘wa whic in no way interferes With the early reflection sequence.
as seen in Fig. . The "early" sound level remains essentially. the same,
inde endent of the added absorption. .and C80 is found to increase an amount
grea er than would be predicted statistically. [See Fig. 6. Ref. 1]

ficoustigl models scaled at 1:50 and _l:lQ were an important art of the design
process. The smaller model resulted iii siyuficant architectur improvements;
be larger model resulted in a confirmation of the objective ,measui‘e goals. a
change in the an le of several first order reflectors and, prowded an
increased level 0 confidence in the design. The objective _measures at both
Scales correlate well With those measured in the full scale as shown in Table ll.

Proc.l.O.A. Vol 10 Pan 2 (1988)



Proceedings of The 'Instltute ot Acoustlce

SEGERSI’ROM HALL-DESIGN. MEASUREMENT & RESULTS

(mt-mine close ”
err side volume

Fig. 2 - Transverse Section Showinfi Large Interior Reflectors
9 PAbsorption is added to t per Volume

Ear-t o¥ the acoustiql design was are .' ment_ that the performing area be
extremely flern'ble_ In terms of the lope on of side and overhead surfaces. The
proseemum openm was made .50 h! apd ynde that the orchestra enclosure
represents the vrsu_ and acousucal ermmphon of the room on _the_whole;
the musterans _are.1n the hall, rather than tn the shell. The she-11.5 htghly
faceted and dufqumg. and large fensemple reflectors“ ha.n wrthm the‘ volume
over the perionmng area at varying herghts. of from Qto ._ m dependmg upon V
the of performance. Because of the dispterest _ In eetltng shaprn and
front reflectwns, the non-dtffustng flat eetlmg lshl allowmg tor
necesser I e vqlume _needed to _keep the reverbera on tune htgh. A
tabulatron o phystcal dunenstons IS glven-m Table I.

TABLE I - Segerstrom Hall Physical Measures

Volume = 27.800 to Opening below balc2= 4.9 m
Ceilrnfi ht.(re:stage; = 26 m Seat area = 2,230 m 2 -
Ht.las row(" = 0m Qtrtamarea=840m
(imam? level = 49 m Volume/Seat = 927 m3
d = 6 m ‘ Volume/Seat Area = 13.46 m
flxgcen. ht, = 12.8 m Solo stage area = 60 m
Prosccn. wrdth = 20.7 m h. st e area = 220 2
Max. hall width = 52 In mlstagggma = 235 mi"

Proo.l.OA. Vol 10 Pan 2 (1988) 
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OBJECTIVE RESULTS

_ou never full achieved in a_ hall, the conoe t ofa diffuse or _
"statistical" .sound eld isan essential paint of r _erence in room acoustics
as representin an acoustical basehne. The transient time signature of a
DRS hall is earl diflerent_ from that of a classical or ’statisucal" hall of the
same yolume. en _large reflectors_ aim first and second order
reflections at the audience, e in_i ulse density in the early field becomes _

eater than would bethe case wt the volume dependent , statistical red_ic-
on [1] . As would beexpected when 'deflectmg' ener into the eary time

Ergéne. e impulse response is observed to drop 05 rapi ly in the first 50 to
msec. . " v -

A statistical space_ redicts that reflected energy will be constant. and .
independent of dis agice relative to the source. Measurements in most halls
instead show _that this is not the case and that the total sound level and the
early/late ratio drop off Significant? with source-receiver. distance. Barron
has suggested a'revised theo [l ]i[l3] wluch models. different impulse
responses as afunction of dis ance mm the source and_which fairly
accurately accounts for the deviation o_f_ the earlfiareflections and related
impulse responses from.statistical predictions. 1“ reflected energy is
therefore found to be hi er at SIUODS' closer to e source and to drop
off toward the hack of e hall. rent this, the values of C and total sound
leyel can also be shown through known mathematical relatfigiships to va
with distance from the source. An inverse relationship. between C and DT
is therefore derived. [13 In. other words, the price Pald for pequrbflg the
"natural"; or statistical re action sequence to order 0 achieve higher early
energy is that the drop-off in level over the first 100 to 150 irisecu as
expressed by the measure EDT, becomes greater than the statistical RT.

With EDT hein most, highly correlated with the subjective sense of
reverberation 5], the design goal to compensate_ for this would be_ to
increase the v9 ume of the room and along with it. the RT. Increasing the
volume by addm ceiling height has less architectural consequences if the
early sound fiel is proVided from lateral directions, which is another of our
desi goals. I_ta1_so has _a tendency to slightly_ reduce the total sound
leve so our criteria are in conflict. The question _is therefore whether a
satis actory balance is [ble between our criteria in the case of a large
volumed space With R s tn the 2+ sec.‘ range.

iagle gives the mean value results of measurements taken at 15 positions
evenly distributed throughout the hallhexcludiii locations which are well.
under baloony' overhan unless otherWise note . The results show that Wllh
such alarge volume, e DRS design approach can proVide good C80,LT(10)
and EDT values simultaneously.

- i V ‘ ' I

WWfound to he at.10% below the RT values yielding anlEDT= 1.8 sec.
for full _occupancy. _ This is considered to be at the lower limit established
for music presentations.

Calculated on. the basis of total statistical conditions, a Cqfiavalue of
-2.2 dB is derived. A small decrease With_distance of 0.5 /10 m is_
calculated although the correlation coeffiaent of the regressmn line is
quit‘; low because of two high values measured in the two most distant
sea ,  PmIDA Vol 10 Pan 2 (1988)
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TABLE II - Segerstrom Hall I
Mean Value Results of Objective Measurements

Hall (Unocc.)

Standard Dev. (C)
Hall (Occupied)

1:10 Model (Occ.)

Model Std. Dev. - 0.92

-v Notes: a Avera _e for 20 meas. positions including under-hale.
Acous cal curtains provtde Rfl‘=2.05 sec. when unooc.

c For measurements of unoccu ied hall condition.
culated from. the empty all measurements.

e Acoustical curtains reduce to_RT=1.7 sec. & EDT=15 see
Estimated using the relationship between RT and EDT for
the empty condluon. " H

E Calculated ustng the RT for the occupied conditl'on.
Assumed to be the same as for the empty condition.

   
   

As seen in Fi 3. the total sound level L is found to drop of! at 1.06
dB/lo m an to have its mean value 1.311.113 below the theoretical calculated
value of 10) -.-4.5 .dB. The net drop-off in , between 10 and 40 in is found
to be 3.1 , much is considered to he quit low for hall of this capacity.

When considering the extremely wide {an dimensions of Segerstrom Hall the
average value 0 LE =0.23 isfound to be exceedmgl hlgh as shown in lg. 4
from work by Gade EP4]. The actual hall fan WIdth 0 around so in would
predict LE values in the 0.04 to _0.10 range. When plotting the LE 0 values
measured each of the four seating areas against the avera e Width8 of each
area, we‘find an extremely good correlatlon \Vflh Gade’s r_ ts. Segerstrom-
Hall, which in its 'footpnnt' is fan-shaped, behaves acoustically as predicted
for classical halls.

DISCUSSION OF OBSERVATIONS

Abroad moss-section of performances, from soloists and strin quanets to
_ symphony were sub actively evaluated in the hall prior to e openmg_

with the acoustical ains exposed simulating the full occupancy Colldlllonh
inoe then, the Center has presented every sort of performance _including fu

phony and choir,_ and operaI ballet, chamber orchestras, hght o era
agpltfied, and solms _ in recital. The followmg comments. briefly ouch
on sever of the acoustical issues which have become ap arent through a
good deal of hstemng by the authpr, plus the remarlu an observations of
performers, miles and other musically astute people.

' ' -On_e of musics toughest critics has described the ball as creating
w at e calls 'shimmenng . iarlisstmos." The softest sound made on stage is
easily heard at. the most dis am, seats. Cou led with this efiect is the” sense“
of a_full a which is a result 0 the ablhty. to protect the
piarussimos i so and a quiet hall) along wrth t e high LT(10) values.

Proc.l.O.A. Vol 10 Pan 2 (1988) 285'
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WW- Orchestras unaccustomed to the hall,
ten top ay too on y. tcan ea ro em fortounn _groupswl_iodon'tget I
an opportumty to rehearse .ll't_! e space. With me, mustnans easth adjust
to the dynamic ran e. Reatahsts are able to perform through the ll range
of expression and o easin announce their encore pieces, unamphfied. at
normal voice effort.

~ Thereis good image broadening. apparent_ at mezzo
one passages. tthe highest sound levels. the spatial tmpresston ts at
the maximum deSirable. -

W-Many comment that the sound is "true" and I
u orgiyin‘g. ig_ ‘ 0 values do indeed "expose" the performers. Part of this
effect is at musrcian§ have not yet adjusted to the ease at which loudness
can be achieved; they tend to force the sound when it isn‘t necessary.

- Musicians are unifomtly pleased by the 'ensemble'
con _itions. ii aces in sidewalls and overhead prowde good 'suppon' {or
5010515 at the front of the stage. .

if ' - These are found to be absolutely necessary
w en use on ar e reflectors. The diffusion adds texture and he] s
soften the tone 0 the music. There are two locations. where .large's ecu ar
surfafies ‘proVideharsh early reflections, and additional difiuSiori is ing
consi ere .

- On his usual tour of 15.000 seat sports arenas, Pavarotti
amye at Eerstroni Hall With a full sound system. In ahall that clearly
registers aw isper at 45 n1, he proceeded to bast the patrons With amplified
sound. The result was appalling

THE ISSUE OF INTIMACY

For those who move around' the hall and listen from varied iti'ons. perhaps
the_most comment comment, usually in amazement. is abqu how "close" and
“intimate.” or "strong" the sound is. The ovemdin ' impression is that the
sound is stronger than one would expect for the istances “involved. While the
dense pattern of early reflections _ma well be a factor. it is the author’s
contention that this _is due lpnmarily) 0 two factors. First, the total sound
level is indeed high in the ack of 0th balconies. In fa ' the five most
distant test sttions had L (10) values in the 1.3 to 3.1 8 range mth an
avera e of E(10)=2.1 _dB Eubtract 0,7 dB from these to obtain full occupancy
values5. Whe considering .the re ressxon line dro —off of levels from the
center of the orchestra section at 0 m, to the l I est test position at
42 in. the drop-off is 0.4 dB/lO m or a total of only 0.9 dB difference over
that particular 22 m.

second, the‘sense of acoustical . intimacy. appears to be enhanced hy_the
distance as if the Visual perception of istance feeds the sense of intima?
the moment one hears an event which is so much more loud and clear t an
one would normally expect when so remote from the source. Listeners usually
include .some descnption .of the distance, or "how far" away the source looks
when'discussm the seemingly relatively high sound_level which they
experience, arron has shown that "louder sound is perceived “as.more
“intimate” and further that perceived "loudness" does not vary st ml'icantl
with distance .[16]. In other words, people may tend to compensae for t e
Visual perception of the distance.

' Proc.l.O.A. Vol 10 Part 2 (1988).
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SUGGESTED OBJECI'IVE MFASURE LIMITS

Ertensive listening experience in Segerstrom Hall, along with the two Iother
DRIS halls in New ZealandI [8H9], have lead the authIorI to some acoustical
deSign delines on ob ectrve measure ranges and limits as given in Table IIL
below. matron of eaI measure from the mean should generally be kept
low. Some is inherent in C and LT(10). A total variation of 4 to 5 dB
would be considered excellem. ,

TABLE III - Pro osed Design Objective Measures
for DRS Halls [gnusic Source, Hall Occupied]

Ojective I _ . Mean Value Maximum
Measure Range Value

-1.0 to +1.0 dB 3 2.0 to 2.5 dB _
0.0 to 25 dB (0) 3.5 to 4.0 an“)

1.3.“) 0.40 to 0.20“) . (8)

Notes: a This is for classical symphonic music. I
For rnusxc,Iratios greater that this tend to mask the perception of the
reverberation. ‘ -

c This range puts Segerstrom Hall at the upper limit _
Other than at the very front of the hall, levels exceeding these values are
finerally too loud for Ia large orchestra.

e de ee of anal impression is level de endeate
{0) These v ues are established relative othe LEGO given above. They

e o

   
are based llama the author's jud eat that the defir atial impression
si cantly more than those ob ained 1n the 3 D S halls would be too great.

(g) e maximum value depends on LIOO) as noted above. »
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HONGKDNG AND SHANGHAI BANKING CORPORATION HEADQUARTERS
ASPECTS OF ARCHITECTURAL ACOUSTICS

Richard Cowell

Arup Acoustics, 10a Stephen Mews, London Wu 1??

Redevelopment of the headquarters of the Hongkong and shanghai Banking
Corporation in Hong Kong Central took just over 5 years including
demolition of the old headquarters, temporary annexe facilities,
construction of a Sea water tunnel (from star Ferry to the site) and
construction of the new building.

The 47 storey structure (178m high, gross area 100,000m') was constructed
on a sooomi site to house office accommodation, conference, staf! training,
central atrium. and executive restaurant and kitchen facilities.

The building is supported on eight steel masts, carrying trusses from which
floors are hung - this arrangement encourages maximum free floor area. The
building was assembled with an emphasis on off-site fabrication, with
consequent implications for the acoustic design.

Acoustic design was carried out as a collaborative consultancy hy Arup
Acoustics (Architectural Acoustics) and Tim Smith Acoustics (Building
Services Noise 5 Vibration Control), environmental noise aspects being
tackled jointly. This consultancy covered an unusual variety of
disciplines (even for a major and innovative office building).

This paper describes aspects of the architectural acoustics selected as
potentially of particular or unusual interest:-

0 protection of the building from HTR railway vibration.

o atrium acoustics

c fit-out component testing

0 board room speech assistance system.

MTR Railway Vibration

At the time of building design, ‘the new MTR Short Island Line was only a

proposal. The line of tunnels, in very close proximity to the NW masts
(On), and the relatively lightweight construction of the building
engendered some concern at the potential for disturbance of the building by
the new railway.

with reference to measurements elsewhere in Hong Kong, estimated local

noise levels higher than NRAD were anticipated and local perceptible

vibration predicted. Estimates of amplification in the superstructure also

suggested that attenuation was justified. Although MTR designs for the
tunnels were well developed, with the assistance of Prof. Peter Grootenhuis

and in cooperation with the MTR (advised by George Wilson of Wilson Ihrig)

Proc.l.O.A. Vol 10 Pan 2 (1988) 259
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we were able to develop an isolation system which could be integrated
within the tunnel section (see Fig.1). Use was made of natural-rubber
bearings designed to achieve a system natural frequency of NH: and
adjustable lateral restraint pads. These were installed over a length
extending 30m (top tunnel), 50m (lower tunnel) beyond the ends of the site.
A target attenuation between 15 and 20:13 at 40H: upwards was intended.
Whereas in the absence of a 'before' situation, attenuation performance
cannot be ascertained accurately, following this installation, the building
is not disturbed by the railway. The trains are just audible in the NW
stairwell adjacent to the masts and vibration just perceptible in the stair
handrail. -

Atrium Acoustics ‘

The atrium space (Fig. 2) runs from a full floor area Banking Hall at level
3 as a rectangular E-W shaft rising from a glazed "underbellyI up to level
11 where a concave sunscoop mirror (incorporating convex mirrorpanels) is
located. The sides of the atrium are open, exposing the sound absorptive
material of the open offices to the atrium space.

There is a natural instinct to introduce sound absorbing material within
public atria as a safe means of limiting occupational noise. But the aural

'life' of the space would suffer if s'ound absorbing treatment were

excessive. The target mid-frequency RT range of 1.5 - 2.0 seconds (met by

a final measured value of 1.9 seconds) and, as important. the volume ofthe

space, provide a balanc between noise control and aural sense of space.

The sun mirror at the top of the atrium represented potential for

focusing of sound - this has been countered by use of convex profiles for

the mirrors encouraging dispersion of the sound. In evaluation of the

atrium acousti the extent of enclosure of the office floors connected to

the atrium was a particularly important factor.

 

Distribution of sound in the atrium was checked in terms of dam using
pink noise directed vertically on to the stone-faced floor of level 3 from

a cabinet loudspeaker set 450mm above f.f.l. From a source position close

to the long central axis from the cross central axis, sound levels were

measured at higher levels and at positions retreating into the offices at

2.4m centres (2:: floor module) at 1.5m above f.f.l. These were compared

with levels 2.4m on plan from the source at 1.5m above f.f.l.

This data illustrates even distribution less than 2dB(A) variation with

height, a useful fall-off in level into the offices (a 5dB(A) drop with a

retreat of 2.4m and'a further 3dB(A) drop after a further 2.4m) and some

local influence of the sunscoop (which is however limited).

29° Proc.l.O.A Vol 10 Pan 2(1988) 
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Fit-out Component Testing

It is unusual to have the opportunity to carry out tests on virtually all
of the major elements of a fit-out likely to affect room to room sound
insulation for partitioned areas. For the Bank project, major tests
included:-

a. Raised Floors Airborne sound insulation
(Geiger Hamme, USA) Room to room transmission under partitions

(Panel 'ringing' tests)
(Surface noise radiation)

B. Ceilings Sound absorption (rev. room method)
(JTCOJ, Tokyo) Room to room transmission over partitions

C. Light fittings (Noise emission)
(IEP H.6ermany) Transmission loss testing

D. Partitions Transmission loss testing
(JTCCH, Tokyo)

3. race Panels Room to room transmission loss

(JTCCH. Tokyo)

Raised flooring achieved between 40 and 47dB mean normalised level
difference between rooms, the difference being mainly the position of panel
joints. Partitioning set on the joint was clearly better, although, in

practice, the continuity across the joint is affected by the partition base

fixing.

Ceiling construction (incorporating panels of perforated metal with

plasterboard backing) achieved 42dB normalised level difference with a
sound absorbent structural soffit over. Face panels achieved a similar

performance. Light fittings offered lads nominal transmission loss - with
the absorption in the void, this proved just adequate.

A range of partitions was designed to meet a target range of Ru

performances as shown in Fig.3. The combined performance across a Type B

partition (this was mid floor and excludes influence by face panels) was

within me nominal of target 34d! nominal mean level difference over the

standard range.

It is important to note that the 'package‘ system of construction prevents

a particular challenge to acoustic specification. It was noted during this

project that room to room insulation at the perimeter of the building
depended on the performance of ten separate packaged elements. A final
test on site could not be used as a control on sub-contract performance.

Consequently, prior testing and tight QA/Qc procedures are essential.‘
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Board Room speech Assistance System

The board room is not very large and good acoustic design allows clear

natural speech with careful projection and good diction. However. it was

decided that support for voices should be arranged to aid clarity of

communication, to assist less able speakers and improve intelligibility

where the speaker is turned away from the listener.

An amplified sound was not sought, but rather gentle assistance. Priority

controlled voice-activated microphones are set in the table. These feed

only remote loudspeakers set in to the light fitting (See Figs. 4 and 5).

The loudspeakers are on delay and carefully equalised. There are no user

controls and the system is designed to be essentially passive.

The system, developed with Peter Barnett and John Oliver of AME, has proved

very effective and the Bank has been asked for permission by others for the

concept to be pursued elsewhere in Hong Kong.

Reference: Couell J.R. and Smith T.J.B. (1985) "The acoustic design of

the new headquarters for the Hong Kong and Shanghai Banking

Corporation, 1 Queens Road Central, Hong Kong". Paper to

WESTPAC II Hong Kong.
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Section

FIG. 1. CROSS SECTION AND PART PLAN OF ISOLATED
TRACK SLAB.

Proc.l.O.A. Vol 10 Part 2 (1988) 



Proceedings 0! The Institute 0! Acoustlcs

 

   

  

'Sunscoop' um:

"W
“36:22::

"<12?
Im—

Ear“
Eats:

Eat:

FIG. 2. SR‘HON THROW“ATRIUH - SHADED m

SHW ANORYHVI Mmlflu.

H II I} E E

1| H H E E

u u g 3 3
AIM Rw min 28 32 33 38 42

ACHIEVED 29 36 35 4o - 42

"G. J. INK}! 07 FARTITIOII'III: MID EOHPARISDII 0' TARGET "0 Joanna I" V

294 onc.l.O.A. Vol 10 Part 2 (1988) 



Proceedings of The Institute 0' ACOUSIICS

Proc.l.OAA. Vol 10 Part 2 (1933)

C
(J

or)
C)
O

UUUUUU;UQ

A

A

U

loudspeaker ova! - oll

Loudspulu aver ~ on

Person spa-um, - Hvo use.

FIG. I. PLAN 0? mm noon TABLE AND EXAMPLE

JI' 5111mm:

5%
L.

nu. s. utm- up": mm x- ucu m-mn."com me u mu m. m emu-n:
uuvm u on lacuna-n. 



Proceedings of The Institute of Acoustlcs

296 ' Proc.l.O.A. Vol 10 Pan 2 (1988) 


