














































REPORT 

Hearing Problems 
in Orchestras 
Notes for a presentation to the 
Performing Arts Medicine Society,* 
NSW Branch, October 18, 1987 

Donald Woolford 
Federal Engineering Radio 
Australian Broadcasting COrporation 
PO Box 9994, Sydney 

Is there a problem? 

We expect that all musicians In an orchestra would 
havs at leasl normal hearing. At a symphony cOl'lcert, 
we expect and hear (usually?) good intonation or pitch, 
rhythm, ensemble, tone colour and dynemics. 

It Is Incongruous to call musio ncise, elthough some 
contemporary works, respectfully, appear to bear a 
close resemblance! From the viewpoint thai intense 
sound can damage hearing, the orchestra, brass bands, 
rock ballds and other groups who present rousing 
types of music are placed in the "at risk" category! 
The heerlng sense seems incapeble of dlfferentieting 
between Icud sounds we like, or loud sounds we do 
not like, Ihat Is with respect to its capacity. However, 
intensity and 10udne!lS are not equal. intensity is a 
physical measurement, loudness a psychological one. 
Certain disturbing I'loises may be quite loud, but their 
Intensity structure Is insufficient to CBuse hearing 
damage. 

Hearing problems among orchestral musicians? 
Let us look now at the evidence. There have been 

several recent major studies into the hearing of orches· 
tral musicians: in Sweden,' in-depth studies, Swedish 
major orchestras: Suisse Romande 
Orchestra; UK,3 among 34 musicians from several 
English orchestras; Australia,' among 38 musicians 
from the Sydney, Adelaide, Wesl Australia orchestras 
of the Australian Broadcasting Corporation. 

Sound intensities io orchestras, measured in decibels 
with respect to time, often the limits prescribed 
by health authorities. Hearing Impairment is present 
among all of the orchestras surveyed, Bod It appears 
thai 20 to 25% of players in an orchestra can sustain 
losses in heariog sensitivity due to the music alone, 
but measured losses are often small. 

The hearing loss caused by noise com· 
mences with a Characteristic notch or loss of sensi· 
tivity at 4 to 6 kHz, whiCh widens with more noise 

The judgment as to the proportion of hear
ing loss due to the music slone is made after consider
ing the noise exposure history of Ihe person. Other 
diagnoses tor impairments among these musicians 
included disease, gunfire, heredity, injury, presbycusis, 
or previous noisy Job. following verbal 

'The Performing Arts Medical Sooiety began three years ago 
In Melbourne snd holds Ihree Or fOUl m&elTngs each year 
where performing artists in all fietds meet with members 
of the medical profession and their sssocial9s. The accent 
of this Society Is on performance and knowledge In music, 
theatre,danceandoanvas. 

enquiries in the USA, UK, Europe and Australia, it 
appears that very few musicians have been retired 
bacause of hearing problems, that is within re<:enl 
years. 

II musicians are at risk, what Is being done to 
prevent changes in hearing sensitivity? 

Most palliatives or evasive actions have been taken 
by the musicisns (the world over) to reduce intense 
music for instance, raising the noisy instru
ments - platforms, risers for brass and percussion, 
distancing the Icuder instruments and placing them 
away from hard walls; shields on chairs for 
baasoons and other woodwind voluntary use 
of ear plugs (thase actions are supported by mana\le
ments); stopping playing and covering both ears dunng 
noisy passages. 

The elements 01 a hearing conservation 
program (HCP) 

• Noise sUlvey, to deoide upon the need for a HCP 
sound intensity levels within orchestras hsve been 
documented in the studies mentioned; further work is 
necessary to look at the impulsive sounds within 
orchestras. 

• Engineering noise control: basic to a HCP, to con
trol noise at the source. A controlling the 
sound intensity of musicsl instruments defeats the 
purpose of the orchestra. 

• Administrative noise control: for instance -
• rotation of players of intense sounding Inslrumenl 

and those nearby. 
• music planning (loud, 80ft, combinations lor music 

programs. A Swedish approach rates compositions 
as "heavy", "medium" and "light"). Tradition may 
be an obstaclel 

, Attention to breaks during rehearsal and the 12 hour 
rule. 
• Esr protection: about 15% of players in Australia 

use ear plugs. Problems-
• OcclUded ear eflect- bone conducted sounds ampli

fied. This occurs with violinists and viola players via 
chin rest and jaw bone. 

, Clarinet - buzzing sound heard, caused by bone
conduction, since mouth-piece contacts top row of 
teeth. 
Attention to the environment (studio, concert hall, 

stage) is needed to reduce high level sound 
A poor acoustic and too small an enclosure for, say, 
rehearsals and recording may result in higher sound 
levels 

Solutions lor hearing conservation require the judici
ous application of many disciplines. 
, Health aspects - health professionals and audiolo

gists/o.tologists. 
'Acoustlos-studio, hall 

- measurements 
- psychoacoustics - percepticn of sound 

(muslo percept!on) 
, Physics - musical instruments and sound radiation 

patterns. 
, Engineering - noise oontrol (risers, etc.). 
• Broadcasting/recording and its constraints (tape 

recording, CO's, electro-acoustics). 

Fulure directions 
The whole pr?blem 01 hearing among orchestral 

musicians was II'lvestigsted last year by myself in 
conjunotlon with Professor E. C. Carterelle (Psychol· 
ogy), Professor O. E. Morgan (AudloloQY), both of 
UCLA, Los Angeles, California. The findings will be 
published rater this year in the journsl Music Percep· 
tion (University of California Press) 



Recommended was a three·phase study: 

(t) A ~ompllrative .study ot hearing among orchestras 
(3 Joint Australian/USA venture). 

(2) Oeve lopmerJl of comprehensive tests for hearing
related performance. 

(3) The providing of a ration a.1 basis fot heating 
criteria in Ihe case of musicIans for their employ
mont, retirement, transler, disability, handicap 
and the award of compensation. (Present med ical
legal rules used for the rating of hearing for com
pensation awards are oriented to health and 
speech communication. There are no tests that we 
know of that relate hearing impairment to music 
perception and pmformance.) 

Reported also was a summary of hearing tests among 
t 3 members of the Los ArJgeles Philharmonic Orchestra 
and d iscussion of the results. The players were selected 
randomly. Changes to auditory sensitivity and other 
differences Irorn the "norrn'" werD recorded arnong 
these rnuslc lans. Published findings will Include re ler
once 10 perceptually-related aspects of rnuslca l per
l orrnance such as pilch, timing, timbre and dynamics. 

An interesting concept arose, attributed to PrOfessor 
A. T. Wellord, psychologist: Vllhen specific actions were 
done under deficiencies owing to fatigu e, age or inju ry, 

the doer adjusted Ihe method of perfOrmance to shift 
the toad from Irnpalred to intact capacities, with t ile 
result that the required ends were achie\l8d in different 
ways ("Fundamentals 01 Skill'". A. T. WelfOrd, 1967). 

The ~u~ician has many lald·down skills in technique. 
There IS also con slant feedback frorn the instrurnent, 
the printed music, the music he or she hears, the 
conductor and other musicians. Whatever the irnpalr
ment, overuse syndrome, rnlld hearing Impairment, or 
other. lhe output of the orchestra appears to substant i
ate Welford's finding! 

I Jan3>On E .. Axel3son A,. Lindgren F., Karl",on J .• Olsu, · 

~~o~~ 1;:i ?: :~ ~~:~~:t7~~ o:o:h~:ti~PshnOdnYO~~~:fr~~ 
Tcrn~trom, S. led, ), Publica tion No. 52, Royat Swedi5h 
Academy of Music , pp.S2· 74 

2. RabinOwitz. J .• <Ha l. 19<12 , "Study of thl! eltects oj loud, 
music on the musicians o j 'h .. Suint! Rom~ ndt! orch.i
t", '". J , Mcdc~lnn(>\ Hygiene, No. 1472, du 19. po. 1909·21. 

3, Weslmore,G. L,. and Eve,sden.t. D, . 1981. " Noi"" induced 
he~ riny loss in orChe~ t'81 musicians", Arch. 010. V. 107 
pp,761·fi4. 
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TECHNICAL NOTES 
Roaring and screaming 

Why DO lions roar and cats merely miaow? The 
~nswer has nothing to do withsiz8 or Ihe lact thai Orle 
IS a fearful predator and the other a pussycat. The 
structure of the VQlce box, an organ overlooked unlil 
now, explains the difference. 

Since 1916, biologists have divided cats into roarers 
(Pan/hera sp) and nOI'l-roarers (Felis sp). Roaring cats 
have a bone mls,slng from their hyoid ~ppamtu~ and 
have a ligament In ils piace. ThIs explmns why thcs« 
cats have deeper voices but It does net aCCQunl for 
roaring. And the snow Isopnrrl \panther;:, Imc;;i~l, which 
anatomloally lalls into Ih", roare' group dOl's not roar 
alall.ltscrearns. 

Malcolm Hast, professor 01 otolaryngoloGY at Ncrth
western University SChool of MedIcine Chksgo. CIS
sected out the larynges of 12 specI9s flf cat and/8und 
not only what maKes some cats roar but also a new 
and better system of classifYing cats 

Real roarers, Hast found, nave very I~,ge und,vided 
vocal cords with a large pod of flbroelaslic tissue dt 
one end. The resulting tube IS like the tube of a 
trumpet. This allows sound to pass from high to low a;r 
resistance with abetter Iransfer()f dcousllc p.')6rgy
resulttngin a booming roar. 

Afl cals in the genus Pan/hera have this structure 
e~cept the screaming snow leopard, which Hast sug
gests should be a separate genus. Uncia 

From New Scientist, 19 Feb. 1987 

Bystanders are said to be safe, however, since out
side the car all thatca:l be heard Isthanolse ofa 
conventional car burgb' alum 

The "pein generator' ,,~s devIs8d by Mr. Allen 
Arzoumanian, and is made by a Cal,fo,n·an eOIn~any 
Integrated Alarms of Encino. 

Primitive man 'rocked around 
the rock' 

Scientlsls at the Swedish Instllute 01 Geophysical 
Phenomena In Stockholm have dlscover .. d evidence 
thai prehisloricman enloyed a crude form of recorded 
music. 

Erasable optical discs? 



BOOK REVIEWS 
NOVEL TECHNIQUES OF 
NON-DESTRUCTIVE 
EXAMINATION 
E. A. Ash and G. B. Scruby 
(Editors) 
UnIVersity Press, Cambric;/ge, 1985, 
378 pp., ISBN 0 85403 292 4. Review 
copy from The Royal Society, 6 
Carlton House Terrace, London, 
SW1Y SAG, U.K. Price £45.00 
(includes international postage). 

In response to the need to measure 
quality end predi~t reliability a wide 

~~n~~e~ ~~~~~~~~uc\~;:nl~~~in~t~~~ 
(NOEl, is being reseamhed and devel
oped. ResearCh on NDE has led to the 
development of a number of novel NDE 
tschniquesand in response to a combi
nation 01 indu~rial and academic inter
est a Discussion Meeting was held at 
i~~5~oya' Society on 9th and lOIn July, 

10, The use of AC-field messurements 
lor crack detection and sizing In air 
and under water. - W. D. Dover, 
R. COllins and D. H. Miohael. 

11 The Russell effect and its use In 
~~~i~~~tructlve testing. - v. 

12. Novel Applications of Raman 
microscopy. - D. J. Gardiner, M. 
Bowden and P_ R. Graves. 

13 Integrated circuit metrology with 
conlocal optical microscopy. _ 
f· R~'S~r:;,~ett, J. T. Lindow and 

14, Surface-acoustic-wevegeneration 
by thermoelasticlty. - W. Arnold, 
B. 8t!tz and B, Hoffman 

15. Cl1aracterization of surface-break
Ing defects in metals with the use 
01 laser-genersted ultrasound.
J. A. Cooper. A. J. Dewhurst and 
S, B. Palmer 

16 Use 01 ultrasonic models as tools 
in the design and validation cl new 
NDE techniques. - R. B. Thomp
son and T. A. Gray 

17 Ultrasonio measurement of internal 
temperature distribution. _ H. N. G 
Wadley, S, J. Norton, F. Mauer and 
B. Droney 

18. Magnatoacoustic and Barkhausen 
emission In ferromagnetic materials 
- D. J. Buttle, G. A. D, Briggs, 
J. p, Jakubovics, E. A, Little and 
C. B. Scruby. 

John Dunlop 

Eighteen papers were presented a\ 
the meeting and are reproduced in this 
book (378 A4 pages), These papers 
covered the three major types 01 tech_ 
nique- particle (neutrons), electro
magnetic (optiCS, magnetics, micro
wave) and el""lIc wave (ultrasonlc)
the largest number being In this laner 
field, ,eflecting current NDE inte'ests 
The papers presented describe some 
novel and interesting developments NOISE-CON 87 
;eh~~: ~1~~O~~~d a~o p'r~~~~~ t~e f~~~~ PROCEEDINGS 
niquasarenotatausablestaga,they I 
pres.entan invaluable Insight Into our
rant trends. Following eaoh paper Is a 
reproducticn of the discussions which 
ensued. The papers are listed 

1. Ultrasonics for microcrystalline 
~~~~t~;s. examlnatloM. - K 

2. Acoustic resonance techniques lor 
temperature. stress and impurity 
characterizations in piezoelectric 
matellals.-J.J Gagnepaln. 

3. :~e~~~~ w~~~s. ~tI~~I~us~:~erated 
4. Textures and stress determination 

in metals by using ultrasonic Ray
leigh waves and neutron diffraction. 

Hai~;,.,M~n~a~rsG.DPr~~d~~~: G. E 
5 Acoustic microscopy 01 surface 

cracks. - J" M. Rowe. J. Kushi
bikl, M. G. Somekh and G. A. O. 
Bliggs. 

6 Acoustic microscoP}' Irom 10 to 
100 MHz to, industrial applications. 
- R. S, Gilmora, K. C. Tam. J D 
You~g and D. R. Howard 

7, Scanning BCQustlc microscopy of 
partly embedded cracks in poly
crystalline alumina. - G. C. Smith. 
~ik;On~~n;:~nd, M. G. Gee end M. 

8. Scanning electron acoustic mlcros-
~~~re:.nd its application D_ G. 

9. i"hotodisplacement techniques lor 
delect detectlon.-Y. Martin and 
E, A. Ash, F.R.S. 

pOO/age). 
The theme of the 1987 National Con

ference on NOise Control Engineering 
was "High Technology for Noise Con
trol··. The conference was held at the 
Pennsylvania Stale University in June 
1987 and was jOintly sponsored by the 
~ann State Graduata Program in Acous
ttCS and the Institute of Noise Control 
Engln~erlng (INeE). The proceedings 
comprise the 125 papers on technical 
toplcspresenled at the conference 

The three papers which formed the 
··Dlstinguished Lecture Series" are each 
12 pages long. The first, by L. Melro
vitch, is on the ·'Control of Distributed 
Structures··. These types cf structures 
are Infinite-dimensional systems and the 
determination 01 their control gains pre
sents problems not encountered in 
lumped-parameter systems. The second 
Is by Tony Embleton on "Outdoor 
Sound Propagation" and Is a review 
paperpresentingtheeffectsofthevari_ 
oul propagation mechanisms including 
geometrical spreading, molecular ab
sorptlon.lnterference,refractlon.dilfrac
tion, non-flat terrains and turbulence 
The third distinguished lecture was 
given by M. Junge, On "Shipboard 
Noise: Sources, Transmission and Con
trol" and the three transmission paths. 

~~:~:~~~;;,.f.ater- and structure-borne 

The contributed papers, each sl~ 
pages. are divided into nine areas: 

No,of 

Emission: Noise Saumes pape:~; 
~~l:c~o~~r~~o~;~~~i;; :Q 
Vit;~Jo~~d~~roe~atlon, Transmission 

Im~:~~~~~t:lhy~~:~ Aspects of En- 13 

Immission: Effects 01 Noise 7 
AnalySis 31 
Requirements t 
Biomedical Uses of Acoustics 5 

As with the proceedings of any con
ference, the quality of the contributed 
papers varies. Some 01 the pepers are 
tMeorellcsl while others present practl, 
calsolutionstonoiseinvestlgallonsand 
control. The ellowance 01 six pages 
means that the essence of each pap.r 
is published,notjusta hint as for orie 
page abstracts. Most will find some 
papers in their aree of Interest. One 
paper which caught my eye during a 
scan through the contsnts was "Classi
lioation 01 soybeans by impact-force 
response·'. The results presented In this 
paper indicated that It was pOssible 10 
use such a non-dastructlve test to dil
ferenllale soybean seed of different 
quality. 

Thesa proceedings wculd be a worth
while addition to the acoustics section 
of any library. 

Me.rion Burgess 

SOUND INSULATION OF 
PARTITIONS IN 
BROADCASTING STUDIOS 
Field Measurement Data 
K_ E. Randall, D. J. Meares and 
K_ A. Rose 
B.B.C. Engineering Publication, 
~.988, 122 pp. Review CDPY Irom 
B.B.C. Engineering Depe.rtment, 
Kingswood Warren, Tadworth, 
Surrey, U.K. KT208NP. Prir;(ft £30 
(£35 lor overseas). 

The publication is A4 In size with a 
soft cover and spiral binding. This Is a 
vary uselul and cost eflecHve method of 
presenting Information. 

The publication Was wrlnen for a 
specific purpose; thst was to publish 
test results o/sound insulatlonlleld 
measurements on partltloM in BBC 
studio centres In the UK. The results 
are presented in labularand graphical 
forms. There is no attemp.t by, the 
authors to derive the sound reduction 
index Irom the field measurements. 

The lests deal mainly with masonry 
construction and the lightarwelght BBC 
··Camden" system, with and without 
doo .. and double (triple) windows 
Other lightweight partItIOns with combi
nations of metal, limber and absorptive 
materials bave also been tested. There 
did not appear to besny Inlormationon 
lhe weIght 01 the materials tested 
~~;;.h can' be useful in comparing the 

The results should be useful to de
signers cf sound studios and spaces 
which require high sound insulaHon 
This publication is highly commended. 

MarkEI8f!9r 



NEW PRODUCTS 
Bruel & Kjaer 

~:~:~'~~~f ~~~I~r lor 

M~~~~~ a~~c~i~7o~~~~~ot~~:, f~8\~~ 
type 2231 . 

• Event Record ing Module BZ71(17 
is designed lor th e automatic recording 
01 up 10 99 nols" "venl. with IM" op!i"n 
01 short printout or fu ll documentation. 

• Reverberation Proce.sor Module 
BZ711)4. In combination with Filler Set 
type 1625, mea.ures Ihe feve rbe ration 

~~:t~i~~ ~;~v:"bca':rd~i.me in octave or 

en:b~~I~e W3~ t;'~e~~:,~est!~ ;~:~ 
l .. over consecutive uscr-<lelinablotlme 
periods 

• Frequency Analysis Module \}ope 
BZ7103, when combined with the Filter 
Sal type 1625, enab les automatiC, oo , 'al 
octave or one-thi rd octave ban d l'e
qucncy analysi s to be perform ed 

• Integ rali"", Modu le ty pe BZ7100 
~~~~~cr:,,:, ~;Ie:r~' pu rpose inle\l rali ng 

C8 ~C~~:~~i:t~"~:~~~s;ss ~~u~ra~;e 7 ~~~ 
proba bi lity dist ributions. 

• Tak tmuimal Modu le BZ 7102 al· 
low. lor measurements in accord ance 
with the admlnlstr"tlve r"llulation. In 
the Federal RepubliC 01 Ge rmany. 

Th .. Graph ic Documentation Print .. r 
type 2318 Is a . m"II,lIghtweight, ballery· 
operated printer lor graphic and alpha· 

~u:ir~1,~;~,t,~~~. f~h~~ni~t~~mu~~~ :: :~ 
Bru el &. Kjaer '. Modu lar Precisio n Sound 
Leve l Meter type 2231. a ll inlor~ation 
nocossarylo r a n acc urate analys.ls of 
the measure me nt data (e .g .• bandwidt h 
range. weighting lacto r. M d mod ule 10 
u5e) Is recorded o n the prlnlO ut. Aspace 

IS left for tho operator to reco,d any 
exira info rm ation . The presentation of 
data f,om the Iype 2231 can be in th e 
lorm 01 lully a nnotated gre phs, lable s Or 
mu lti-componenl ba r c harts , a bra nd 
new featu re. 

Further information: B, uel &. Kiaa, 
Aust" 24 Tepko RO ! d. Tefrey Hills. 
N.S.W. 2084. 7elephOne (02)4502066 

Ci rrus 

D." LoggIng S LM 

The CRL 2.36 Memory L.. M .. ter 
ta kes a series 01 "shorI L .. " values, 
each representing the actual energy 
occurring du ring 1/8th second . Up to 
114.000satsoldatacan bestoredand 
the data can subscQucntty bctransler· 
red to an IBM compatibl e compute r for 

~;~~~~t ~~n d~~k;,,:~: o~c~hU:~;::e;~:~; 
e.g . statistical Ind ices. average so un d 
level,single event levels. etc. The mete , 
15 capab le of measu ring over a 150 dB 
ran ge wit h a resol uti on of 0 .1 d B 

Short Leq Noil e Met .. Kit 

no~i;'~e=:~~:~~~t~~Of~~c~: ~~~p~~;~ 
t~~~.iJK~nt"grating noi se meters. the 

The "Industrial" measurement "it 15 
contained In an attachostylobfiefcne 
and includes" CRL 5.1 1D dual range 
cal ibrator. windshield, calib ra tion screw-

f~·le~~i:~~;~::~~~~i~li~~ ~~:~~a~r;~: 

A second . e ,sion of the kit. the 
. comp uter acq uiSition kit CR L 2.22K/2", 
is Inte nded to p,ovidc .. cvcrything 
needed lor the data acqUl"'t lon by the 

~~~~~ t~:~R\~';.~2~O ~~i~s!~C~~i~~ 
~~~~u~;i ; h~ n~I~:~~~~ i~o~~eut~;c~~~ 
inte rvals ove r a lull wo,klng day. In 
ellect. the CRL 2.22 becomes an e . · 
tremely powerfu l data logger and can 
take and process da ta with an ease and 
speed t hat simply was unthinkable even 
live years ago 

The kit conla ins lull a coui.ition and 

r:t~~r:~!n~a~f:~::O us,;g!l~~r th~It~O~~ 

puter 01 your cooic ... A very compr ... 
hensivelulo ri al booklet is provldod and 
nothing olso is needed except the com
pute r 

Prov ision is made in both kilS lor the 
digital read out unit CR L 222-07 . Th is 
allows remote digital readout 01 the 2.22 
lor use in remote locations to g ive high 
reso lution repea ted readi ngs 

The portormanco of tho CRL 2.22 Is 
exceptiollftl. Both Leq a nd Sound Lellel 
can be meas u,cd ove r a lu ll 53 d8 span 
a nd the max imum Leo time is mo re than 
10 hours; allowing use ove r a lull wo rk· 
;ngday. Tho acc uracy is to the lu ll 
spec ification 01 8S 5969 0, IEC651 
Grade 2 and the CRL 2.22 also meets 
the new IEC 804 specification lor Into· 
grat;ng (LeQ) Matars . Sound Exposure 

~~~:~ ~s,,;!n~~ i ~Jivf~~~1a..~""~rst~~tn t~ 
~c~~:u.ed on a t,ue eno rgy ' e lated 

The B, itish made CRL 2.22 Is the 
wnrld 'sli,s t industrial "Sho,t Leo" mele , 
a nd i5 priced well below many simple 
sound lave l meters. nona 01 which as 
yet ha~ a COMPUTER output and "Short 
l eq" funcli on 

Bot h IB M an d compatib les toge th e , 
with the BBC computer aro supported. 

Fu,ther in/ormation: MB 7 KJ David
son Pty. Ltd .• 17 Rol>erna Straet. Moo· 
,.bbin. Vic . 3189. Phone (03) 5557277 

Pulsar 



NEW PRODUCTS. 

level is displayed inincremenlsol2d6 
The Models 206 and 206l measure 

sound in an A welllhted. ··slow·· rll-

fr:;~o ml~~2Jh:~o~~dr t~I~~~t:r r~~o~ 
SO d6. The Model 208F has been 
specially moditie<l to, hl·1I enthusiasts 
with a ··!lat"· response 

Fur/hor informalion: Pulsar Irn;/",· 
ments, Acouslic HouSe, Bridlington Road 
Industrial Estale. Hunrnanby. North 
Yor~shira, YOI~ OPH, U.K. 

Bradlord 

~:~~~~'~~:.~!r~c.:r'e 
Bradlord Insuletion·s Tulf·skin Fibr ... 

glass Mulli Servl«l Board was used 
'ecen lly to aooustical lylnsulate the re
tractable rool and ceiling ot Ihe M1w 
National Tennis Centre In Melbourne 
The rotractable root, which Is about 2.5 
hectares In area, is uniqu8 a. It can be 
opened 10 make the stadium an open 
air complex. The I"<)ot and ceiling w" ,e 
insulated by Chadwick Industries. with 
atou. tiedesilin by Grume Harding. 

8radlord·s Tutl-sk ln Flbreg less Multi 
Servlc" Board, l he product used in this 
application. suUs a wide range ot gen-

:~~ I~:~.~~~~~ ~~Ut~t~c ~~~,~c~;o~: 

excellent acoustic parlormsn«l. inaddi· 
lion 6rad lord·s llexlble production pro 
cess enabled Ina producl to be manu· 
laclured to a special density (18kg/m') 
and thickness (SlImm) to s~U lhe 
acollstic design '&qulred. The stadium 
has been daslgne<l so Ihal the sour>d 
ab.o,ptlon Is the ume wilen lhe slidi ~g 
roollsopenorclosed. 

The roof sl ruclu'econslated 01 58mm 
thlc~ 6radlo,dTuff·skin Fibreglus Mulll 
Service Board laid on 18mm thick 
Structawoodwhichwasthencoverad~ 
a root tall. The mobile retractable root 
was Insulate<l with lh'08 layers 01 
B'8dtord Tull·skln Multi Service 60ard 
When comp leted the ,oolwil! be ,aisO<! 
byhuge ]ecks Bnd positioned above the 
stadium onto tracks where It will open 
and close depending on the type 01 
enterlalnment. 

CSIRO 
Fasl Fourier Transform chip 

CSIRO·s Division ot Radiophysics. in 
conJ ~nc\l on with Auste~ Microsyslems 
Ply .. Ltd .. has designed a VLSI/FFT 
chip and commenced la~rlcatlon ot /I 

f.~!~IYt::t:,hi~al~ai~Sw~~o~n a~~~~'::!i:, 
pe1ltlon and will have ve rsalile cucad· 
ingfuncHon •. 

The p,ototype chip will perto,m a 
last·FourleH' Mstorm prO«lSS a hun· 
dre<ll imes tu ler than a $150.000 VAX 
computer. II is the speed and low cost 
ot VLSIIFFT devices Ihat wi ll resuilin 
revolutionary changes to electronic 
equipmenl. Including: 

• • ona r. &Onabuoys. radar. mulli-chan· 
nel radio sCMnlng/survelllsnce; , 

• digllal audio &qualise", . mters and 
elecltonic music: 

. deblurringofpholographs. enhanced 
.Iow·motion vld ",,; 

o sonic Imaging. 

CSIRO tnduSlrial RO$e.rCh 
News, No. 182 

CHADGYP 
POURED IN PLACE 

GYPSUM 
=~~- ROOF DECKS 
I=I:~::::: 

CHADGYP Roof Deck Systems provide: 
• Versatility 01 design . A monolithic 
high sound transmission barrier _ Excel
lent sound absorption (particularly at 
low frequency) _ Erfeclive thermal insu
lation • Speed 01 installation • Total 
composite rool and ceiling system • Fire 
resistance rat ings. a-For moreinlormation phone 

THE CHADWICK GROUP 
Sydney (02)4281388 Melbourne (03)5602422 Canberra (062)806333 



New Publications 
The following publications have been 

received by the Society and are held, 
temporarily, In lhe Acoustics Labora_ 
tory. School of PhysiCS, Un<versity 01 
NSW. They are available for Inspect;cm 
or loan by members. Photocopies (not 
in contraventlon of copyright condl
lions) may be ordered by contacting 
Cronulla Secretarial Services on 
(02) 527_3173. A char"" wTII be made 
forphotocopyingandposlage 

Hearing Protectors 
TheSth Edition 01 the National Acous

tic Laboratories reporl "Attenuation 01 
Hearing Pratecl<lrs" has Just been re
leased. It Includes inlormatiM on all 
hearing protectors IlIsled by NAL up to 
May 19B7. Attenuation data are reported 
for 97 earmuffs, 35 earplugs and 35 
helmel-mounted earmuffs. A new sec-

~~~!~;~O~~~~sd ~r~h~i~or::.JiS~7~~~~?;~ 
obtained when earplugs and earmuffs 
are worn together. The report costs 
$3.95 at Australian Government PubUsh
Ing Servlca Bookshops. 

Aircrafl Cabin Noise 

nOlsesuO/(!y$ undertaken by the Depart
ment 01 Aviation 01 light aircraft and 
small commuter aircraft, the noise 
attenuetlon 01 a number 01 pilot's head
~ets measured by the National Acoustic 

JOURNALS 
Acta Acustica 
Vel. 12, No •. 2, 3(1987). 
Applied Acoustics 
Vel. 22, Nos. 1, 2, 3 (1987). 
Archives of Acoustics 
Vel. 11, No.2 (1986). 

Chinese Journal of Acoustics 
(In English) 
Vel. 6, Ne. 2 (1987). 

Contents inclurle: D. Heplng and Y. 
Chongzhi, Adaptive lattice noisa Can
ceilor and optimal step-size; F. Leplng, 
Analysis to the effective depth 01 
aaoustic cavity of combustion chamber 
using finite element method; z. MlnhulI, 
C.Xiulan, C. Tong, Finite elemllntanaly
sis 01 the Yongle bell; R. Shu<:hu, W. 
RongJin, Z. Keno, Measurement of 
mechanical Input Impedance of plane 
array element using impulse sound 
tube; T. Duchun, A practical approach 
to leakage corrllction ollrequencyend 
amplitude In FFT power spectrum 

J. Catgut Acoustical Society 
No. 48, November 1987. 

Conlents Inalude: C. Gough, Micro
computers for acoustic measurament 
end violin assessment: R. Hansen, 
Analysis of '"live" and "dead" guitar 
strings; I. Firth, Modal analysis of the 
air cavity of the violin; R. Sack_tader, 
~eos~n~~~e~o we understand Helmholtz 

REPORTS 
ISVR Technical Reports 
No. 145 Eushlchlen Tuba Function: A 
Review. 
:a,,~.M088, A. M. Martin, R. J. March-

No. 148 Actlv .. Minimisation of AcoU81ic ..... 
P. A. Nelson, S.J. EllleH. 
Summary: 

Quadratic optimisation theory is 
shown to provide a useful analytical 
Iramework fOf consideration 01 PfOt>-

Information for Contributors 
Articles lor publication normally occupy 4-S printed 

pages (approximately 4 pp. double-spaced typing per 
page). Authors may be asked to pay additional type
setting charges for pages in excess of 5. Frequent 
headings and sub-headings are desirable and an 
abstract of approximately 200 words should be 
Inl;:luded. Reprints may be ordered, preferably prior to 
printing (they are then cheaper). 

Diagrams will normally be reduced to single column 
width: authors ere requested to plan diagram propor
tions and letter size accordingly. Full stand-alone 
captions should be provided for each diagram (these 
will be typeset). 

Types of artloles accepted includs technical, tutorial 
snd rsview. Short reports Jl page printed) on current 
researoh or a group's actlvitlss are welcome, as are 
shorter notes for inclusion under Technical Notes. 

Articles and reports may be submitted in the form 
of a computer disK, accompanied by a hard copy for 
editorial purposes. 

lems associated with the aclive control 
of sound. The theory Is u$ed In estab
lishing the absolute physical limits of 
the ebility 01 artays Of discrete second
ary sources to suppress or absorb free 
field ecou.llc redlallon. The problem of 
controlling enclosed sound lields is 

~~~i~~~rs ~:~:s~I~~aJ~6 ~!s~~I~~e~~~::: 
chann"lsystems for the implementation 
of ecllve control and a new cl"". 01 
edaptivecontrol algorithm is introduced. 

ISVR Annual Report, March 1987 
I. INCE Newsleller 
No~. 45, 48 (1987). 

Vibration Institute 
Arrangements have been made for an 

exchsnge of publioations between 
Acoustics Australia and the Vibration 
In~tllule of illinois, the main publication 
of which is Shoek end Vibration Digest 

Shock and Vibration Digest 

V"II~:I~d:So. : ~!:::b:rrtl~~:7)~ntltled 
"Fatigue and Fracture Mechanics: 
Ground VehiCles", by R. W. Landgmf 

~n~iu~:~ ~Oie~!U~oaV;:i~l~ere~t~~!1 "'Air_ 
worthiness 01 fang-life jet transport 
structures" by U. G. Goranson. 

Technical Books at 
Discount Rates 

Tha Australian Acoustical Society has 
en account with a msjor bookshop in 
Ihe United Kingdom and offers a tech
nical book purchase service to members 
of the Society on a no-prolll basis 

Discount. vary according to the 
country of publication and generally are 
e ma~lmum for BriHsh "'nglng 10 e 

~~~~~u60~~ A~;;icoar~:;"U;~~ P~~li~~ 
advice from members, who should 
specify il the book Is to be placed on 
back order II not immediately available 
Me'!lbers pay the Invoiced amounl 
l~~I~~o~cIUdes postage) On delivery of 

ADVANTAGE: Cheap books 
DISADVANTAGE; There Is a delay of 

alxlut 14 10 16 weeks on delivery of 
books unlessai,mail oracceleretedsur
face mail is specified 
Plaase send orclelllO: 

G. B. Gore 

~:108~~v~f:U:f~LabOrafor;"1 
Chal5woocl, N.S.W. 2067 

ADVERTISER INDEX 
Bruel and Kjaer 11 
Chadwick 83 
Davidson .. . ..... 79 
Great Aust. Sound Co. 61 
Industrial Noise Control 75 
Kell and Rigby 59 
Peace Englnaering 58 
Sound Attenualors 77 
Readers are asked to mention this 
publication when replying 10 adver
tisernents. 



FUTURE EVENTS ~ 
• Indicates an Australian Conference June 20-22, PURDUE 

REMOTE SENSING OF THE 
ATMOSPHERE AND OCEANS 
Details: Sec. lor Remota Sensing Con
ference, Physics Department, Umversity 
College, Australian D&t6llca Force 
Academy. Campbell,AC.T. 2600. 

March 15-17, GERMANY 

Juno 6-10, YUGOSLAVIA 

XXXII ElAN CONFERENCE 

NOISE·CON 8B 
~~~~~ic~~nlrol DeSign: Methods and 

August 30· September 1, 

AVIONON 

October 17-19, MANNHEIM 

Details: VDE-Zent,a!stelle Tegungen, 
~Kesemannallee 15, D-60QO, Frankfurt 

1989 

May 22.28, SYRACUSE 

MEETING OF ACOUSTICAL SOCIETY 
OF AMERICA 

November 6-10, ST LOUIS 
MEETING OF ACOUSTICAL SOCIETY 
OF AMERICA 

May 21.25, PENNSYLVANIA 

~~EJ~NE~Ig: ACOUSTICAL SOCIETY 

Details; Mrs. B. Goodfriend, A.S.A., SS5 
t~~:A~51h Street, New York, NY 10017, 

$3eO 
$410 
$235 
$265 
$150 
$2QO 
$120 

$175 
$120 

'" 
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