










































LimitationJ (relative to the other instruments) 

• Will not display Ln or L"'l until analysis complete. 
• fixed sampling rate. 

Cumulative distribution only aVailable at electrical 
output in digital form jnot available in analog form 
for XY plotter and cannot be displayed on front 
panel. 

METROSONICS dB-602 

Additional Features: 
100 dB dynamic range with 14dBcrestfactor. 
Very large memory, 6.5 million samples. 
Lo to LI>\I in Ll steps (5 percentiles only, mustba 
selactedpriortoanalysisl. 

• Selected percentiles jor L"'ll may be di.played pro· 
gressively during analysis. 
Four statistical values may be stored at programmed 

i"tervals from 15 minute! up to 25 hours ('n 15 
minuteincrementsi. 

llmitations(relatiwetotheotberinstruments): 

Low level input is always A-weighted. Requires 
1 kHz calibrator. 
Probability and cumulative distributions not available 
on front panel display-available at electrical output 
in digital form only. (Require$ 600-05 A"aiog Inter· 
FaC8optio" for XY plotter or chart recorder) 

• Standard sample rate 1 per second. Other rates avail· 
able (32 per sec to 1 e~ery 32 sacs) but must be 
preset. 

• O"ly 5 percentiles (or 4 percentiles plus Leql can be 
calculated, and must be selected before analysis 

No 'pause' control to eliminate unwanted data 
Relatively heavy, 10.4 kg. 

Australian Acoustical Society 
Unconfirmed Minutes of the 5th Annual General Meeting 

The 5th Annual General Meetingofthe Australia" Acoustical Society was held at me Hydro Majestic Hotel, Medlow 
Bath, N.S.W. on Friday 19th September, 1975. 

The meeting was declared open at 6.05 pm 
PRESENT: 32 members entitled to vote were present. The Presidem of the Society, Mr. P. R. K"owland _$ in the chair. 

Apologies & Proxies 

Apoligia-s were received from Keith Keen and David Hassall. 
No proxies were reCllived. 

Minut .. of the 4th Annual General Mssting 

The meeting was reminded that the minutes of the 4th A"nual Genera! Meeting have been publisf>ed in the Bulleti" 
Vol. 3 No.1 -1975which has been distributed to each member of the Soci..-ty. Motion "the minutes be confirmed" 

Report of Coun~il for yellr 1974·1975 

ThePre.ide"treedthereportofCouncil. 
Motio" "the report of Cou"cil be received" 

4. Trea$ul"li!r's Report 

Mr. R. Pien!! i" the absence of the Treasurer reported 0" the Society's financial positio". 
Motio" ''the Trea.surer's report be received" 

5. Appointment of an Auditor and determination of the Auditor's remunaration 

Davarn/M~ther 

Rose/Riley 

It was moved by V. Taylor and seconded by G. Pickford that Mr. F. J. Morto" of ElaMra Road, ElaMra, N.S.W. 
be appoirrted the Society's auditor at a fee "ot exceed;"g one hundred dollars. 

Report on the ICA 

Mr. J. Rose presented a report on the 10th ICA to be held in Australia in 1980. 

7. Othe.BuJinep 

There was ''0 other busi"&Ss. 
The I"I"IeI!ting closed at 6.30 pm. 



INTERNATIONAL STANDARDS IN ACOUSTICS 

R. N~ga,"jan, 
Engineer-Secretary, 
AcousticSStandards Committee, 
SI~ndard,AssociationofAustralia 

Tiw IIller:lRllor'al Stancard. in Acoustics are dealt 
Wllh by the Imern3tlonal Organization of Standardization 
iISO) Technical Committee 43, Acoustics, and the 
International EI"Clrotechnlc"1 Commission (lEC) Technical 
Committe" 29, ~Iectro"coustics. For details of the work of 
these two Inlernatlon,,1 standards bodies, which operate in 
dose Ilaisoll wllh othe, ifrom the same building in 
Gel1ova, ;n f"ct! r"fe'cnce is invited to the publication, 
1,,:crnatlo"JI Sta"dardi(~ti\)n and National Standard,' 

Standards Association of Australia, October, 1972iavailable 
free of cost from the Standards Association of Australia 
olfices at capital cities and Newcastlel, 

Work of ISO Technical Committee TC 43, Acou,tics 

Work of IEC Technical Committee TC 29, Electro-Acoustics 

The stru~tum of lEG Technical CGmmittee TC 29 
Electro-acoustics, is given in Table 4, 

The li,t of IEC Publications ollEe TC 29 and its sub 
committees is given in Table 5 

The list of prospects being handled, including ,ome 
nearingp<.tblication by IEC 29 is given in Tallie 6 



persons oommunicating comment!! on most of th~ docu· 
ments to the Standards Association of Australia is only 
between 10 to 15percent. Very few persons really find time 
to study the above international draft !rtandard documents 
carefully and pa" on comments duly supported by labora· 
tory or field data. Only by sizaable contribution of com 
ments on draft documents can we make a signif'cant 
Australian contribution to the development of international 
standards in acoustics 

The recent significant increase in international stand' 
ards activity has assisted in the formulation of a general 
policy for preparation of Australian standards in acoustics. 
The Acoustics Standards Committee of the Standards 
As>ociation of Australia considers tllat in a large number of 
cases. it is worthwhile to wait for international !rtandards to 
fully develop before we start our own preparation of 

Australian Standards. FlJrthermore, it is desirable that work 
for preparation of Australian Standards on any subject 
should be taken up only when a pOsitive need has been 
established, so that our scarce nlsources for preparation of 
standards is advantageously utilised for optimum overall 
efficiency and economy. 

An attempt has been made in this article to give a 
brief resume of the international standards activity in 
acoustics. Members of the Australian Acoustical Society 
desiring more information on any sp..cific area considered 
in this article, are requested to contact Mr. R. Nagarajan 
at the Headquarter. Office of the Standard. Association of 
Australia in North Sydney 1Telephone 02 9296022) or 
Mr. R. K. Profitt at the Melbourne Offic!!> in Parkville 
(Telephone033417911). 

TABLE 1. STRUCTURE OF (SO TC 43 AS AT DECEMBER, 1975 

Normal threshold of hearing 
Acoustical reierencequantities 
Techniques for audiometry 

Noise from heating. ventilating and air conditioning equipment 
Noise emitted by ships and railways and noise inside vehicles 
Measureme!'lt of sound emitted by machinery and equipment 
Noise assessment with respect to speech communication 

SECRETARIAT 
OR CONVENOR 

Denmark 
Netherlands 

Germany 
Germ~ny 

U.S.A. 

Noise emitted by road vehicles Frarlce 
Noise from compressors. pneumatic tool. and pneumatic machines Sweden 
Noise from earth moving equipment 

11 Asse"mentof sound quality 
12 Measurementofspeechimelligibility 
13 Noise emitted by rotating electrical machines 

Noise from gas turbine. 
Assessmentoffluctua!ingnoise 
Quantitiesfordigit~land hybrid/analogue processing 01 acoust,c 

signals 
Measurement 01 sound attenuation of ear protectors 
Buildingacounics 
Plumbing noise 
Revision of ISOfR 140 
Reduction of impact sound transmission by floor finishes 

Rating of sound insulation for buildings and building elements 
Measurement of sound insulation of suspended ceilings 

Germany 
Belgium 
South Africa 

Germany 
Netherlands 
Germany 

Germany 



NO. 

TABLE 2. LIST OF INTERNATIONAL STANDARDS AND TECHNICAL REPORTS 
PUBLISHED BY ISO TC 43 

TITLE OF THE ST ANDARD{TECHNICAL REPORT 

ISOfR 16·1965 Standard tuning frequency (Standard mUsi",,1 pitch) 
ISO/R 131·1959 Expression of the physical and subjective magnitudes of sound or noisa 
ISO/R 140·1960 Field and laboratory measurements of airborne and impact sound transmission 
ISO/R 226·1961 Normal eQual·loudness contours for pure tones and normal threshold of hearing under 

free field listening conditions 
5 ISO/R 266·1962 PreferrlKl frequencieos for acoustical measurement 
6 ISO/R 354·1963 Measurement of absorption coefficients in a reverberation room 
7 ISOlA 357·1963 Expression of the power end intensity levels of sound or noise 
8 ISO/R 362·1964 Measurement of noise emitted by vehicles 
9 ISO/R 389·1964 Standard reference zero for the calibration of pure·tone audiometers 

10 ISO/R 454·1965 Relation between sound pressure levels at narrow bands of noise in a diffuse field and in 
a frontally·incident free field for equal loudness 

11 ISO/R 495-1966 General requirements for the preparation of test codeos for measuring the noise emitted 
by machines 

12 ISO/R 507·1966 Procedure for describing aircraft noise around an airport, 2nd Edition 
13 ISO/R 532·1966 Method for calculating loudness level 
14 ISO/R 717·1968 Rating of sound Insulation for dwellings 
15 ISOlA 1680-1970 Test code for the measurement of the airborne noIse emIUoo by rotatIng electrical 

machInery 
16 ISOlA 1761·1970 Monitoring aircraft noise around an airport 
17 ISO/R 1996·1971 Acoustics -Assessment of noise with respect to community response 
18 ISO/R 1999·1971 Acoustics - Assessment of occupational noise exposure for hearing conservation 

purposes 
19 ISO 2204·1973 Acoustics - Guide to the measurement of aIrborne acoustical noise and evaluation of its 

effects on man 
20 ISO 2249·1973 Acoustics - Description and measurement of physical properties of sonic booms 
21 ISOITR 3352·1974 Acoustics - Assessment of noise with respect to its eflect on the intelligibility of speech 

NO. 

TABLE 3 ISO TC 43 PROJECTS IN HAND 

TITLE OF THE PROJECT IN HAND 

Determination of sound power levelS of noise sources - Precision methods for discrete·frequency and 
narrow·band sound sources operating in reverberation rooms. (To be published as ISO 3742.1 
Determination of sound power levels of noise sources - Engineering methods for special reverberant test 
rooms (To be publishlKl as ISO 3743,) 
Determination of sound power levels of noise sources - Engineering methods for free·field conditions over 
a reflecting plane. (To be published as ISO 3744.1 
Determination of sound power levels of noise sources - Precision methods for anechoic and semi-anechoic 
rooms. {To be published as ISO 3745.1 
DetermInation of sound power levels of noise sources - Survey method 
Measurement of sound transmission from room to room by shalts and ducts 
Laboratory tests on noise emission by appliances and equipment in water supply installations. 
Partl: Method of measurement 
Laboratory tests on noise emission by appliances and equipment in water supply installations. Part II 
Mounting and operating conditions of draw-off taps 
Laboratory tests on noIse emission by appliances and equipment in water supply installations. 
Part III: Mounting and operating conditions of in·line valves and applian ces 
Measurement of sound inSUlation in buildings and of building elamants. (Revision of ISO R140 and its 
Parts.) 
Part I: Requirements for laboratories 
Part II: Statement of precision requirement methods for determination of the ,ound transmission loss of 
suspended ceilings 
Part III: Laboratory measurements of air·borne sound insulation of building elements. 
Part IV: Field meaiurements of airborne sound insulaiion between rooms. 
Part V: Field measurement of airborne sound insulation of facade elements and facades 
Part VI: Lalxlratory me.suremants of impact sound insulation of floors. 
Part VII: Field measurements of impact sound insulation of floors 
Part VIII: Laboratory measurements of tile reduction of transminlKl impact noise by Iloor coverings on a 
standard floor. 



TABLE 3 (conti. ISO TC 43 PROJECTS IN HAND 

TiTlE OF THE PROJECT IN HAND 

Preferred reference quantities for acoustic levels 
12 Mea5urementand de5cription ofnoi,e inside aircraft 
13 Determination of flow resistance of materials used for acou5tic purposes in buildings 

Measurement of noise from light aircraft 
15 Measurement of noise from VTOL and STOL aircraft 
16 Calibration and characteristics of the reference sound source 

Measurement of airborne noise emitted by pneumatic tools and machines - Engineering method for 
determininationofsound powe, levels 

18 Measurement of airborne noise emitted by compressor units including primemovers - Engineering method 
for the determination ofsoul1d power levels 

19 Noise from earth moving machinery - Measurement at operator"s workplace 
20 Determination of airborne noise emitted by earth moving machinery to the surroundings - Survey method 
21 Assessment of sound quality 

Measurementofspeed,intell>glbility 
Revision if Isa/R 362 - Measurement of noise emitted by road vehiCles 

24 Survey method for the measurement of noise emitted by stationary motor vehicles 
25 Threshold of hearing expressed .,>sound pressure levels in an artificial ear 

Threshold of heaflng aS8 function of age 
Pure tone audiometry 
Revi5ion of ISO/R 1680 - Test code for the measurement of the airborne noise emitted by rotating 
electrical machinery 
Noise from gas turbines 
A5sessmentoffluctuoti~gnoise 

Code for noise clasSification of pneumatic equipment for construction sit ... 
Report o~ noise claSSification of machines 
Procedure for describing aircraft noise heard on the ground 
Methods for single number rating of sound insulating for buildings and building elements, including Il!vision 
of ISO/R 717 

34 Examination of ISOlA 354 "Measurement of absorption coefficients in a reverberation room" concerning 
the transformation to an International Standard 
Designation of sound power emitted by machinery and equipment 
Measurement of sound pressure levels 
Measurement and characterization of noise radiation by structural components that are not an integral 
partofamachine 
Quantities to be specified for acoustic signal processing by hybrid digital/analoguesystem 
Measurement of sound attenuation of hearing protectors 
Determination of airborne noise emitted by civil engineering equipment for outdoor use 
Measurement of noise from reciprocating internal combustion engines 

42 Noise classification and labelling of equipment and machinery 
43 Noise level measurement at the operator's workplace on agricultural tractors and field machinery 

TABLE 4. STRUCTURE OF IEC TC 29 AS IN 1975 

Electro·acoustics 
Audio·engi~eering 

Measuring devices 
Ultrasonics 



DESIGNATION 

89(957)' 

90 {1973f 
118 (1959) 

123(1961) 
124 (1960)2 
126(973) 

150 (1963) 
177 (1965) 
178 (1965) 
179 (1973) 
179A (1973) 
184 (1965f 

200 (1966f3 
222 (1966) 

224 (1966) 
225 (1966) 

263 (1968) 
268:-
268·1 (1968) 
268·1A(1970) 
268·18 (1972) 
268·1 (1971) 
268-3 (1969) 
268-3A (1970) 
268-4 (1972) 
268·5 (1972) 
268·6 (1971) 
268·8 (1973) 
268·14(1971) 
268·14A (1973) 
303 {1970) 
318 {l970) 
327 (1971) 

37311971) 

402 (1972) 

4B6 (1974) 

500 (1974) 

TABLE 5. UST OF PUBLICATIONSQF lEe Te 29 

Recommendations for the characteristics of audio apparatus to be specified for application 
purposes. 
DimenSions of plugs for heariny aids. 
Recommended methods for measurements of the electro·acoustlcal characteristics of hearing 
aids 
Amendment No.1 (1973) 

Recommendations for the rated Impedances and dimenSions of loudspeakers. 
IEC reference coupler for the measurement of hearing aid. using earphones coupled to the ear 
by means of ear inserts. 
Testing and calibration of ultrasonic therapeutic equipment. 
Pure tone audiometers for general diagnoistic purposes. 
Pure tone screening audjometers. 
Precision sound level meters. 
First supplement of Publication 179 (1973). 
Methods for specifying the characteristics of electro·mechanical transducers for shock and 
vibration measurements. 
MethOd. of measurement for loud'peakers. 
Method. for spe<:ifying the characteristics of auxiliary equipment for shock and vibration 
measurement. 
Marking of conrrol settings on hearing aids. 
Octave, half·octave and third·octave band filters intended for the analysis of sound. and 
vibrations 
Scales and sizes for plotting frequency characleristics. 
Sound system equipment. 
Part 1. General 
First ,upplementof PublicatlOn 268·1 (1968) 
Second supplement to Publication 268·1 (1968). 
PartZ E"planationo/generalterm, 
Part 3. Sound ,ystem amplifiers 
First supplement to Publication 268-3(1969). 
Part 4. Microphones. 

Loudspeakers 
Au)(iliary passive elements 
Automatic gain control devices. 

Part 14 Mechanical design features. 
First supplement to Publication 268·14 (1971). 
IEC provisional reference coupler for the calibration of earphones used in audiometry 
An IEC artificial ear, ofthewide band tyPl', for the calibration of earphones used In audiometry. 
Precision methcxJ for pressure calibration of one~nch standard condenser microphone, by a 
reciprocity technique. 
An IEC mecl1anical coupler for the calibration of bone vibrators having a specified contact area 
and being applied with a specified static force. 
Simplified method for pressure calibration of one-inch condenser microphones by the 
reciprocity technique. 
PreCision method for free-field calibration oforle·jrlch standa rdCOrld .. nsermicropi1onesbytne 
reciprocity technique. 
IECstandard hydrophone. 



TABLE 6. LIST OF PROJECTS BEING HANDLED BY IEC 29 

DRAFTS IN VARIOUS STAGES 

Measurement of the characteri,tic, of hearing aids with induction pick·up coil input _ 29 (C.O.) 101. 
Secon-d edition of Publication 263: Scales and sizes for plotting frequency charocteristics aod polar 
diagroms - 29(C 0.1102. 
Pt.Jblicatlon 268·3: Second oupplement, modifications and addition. 
Publication 268.7: Headphone. and headsets 
Publication 268·9: Artific,al reverberation, time delay ond frequency shift equipment. 
Publication 268·15: Preferred values for the interconnection of sound system components. 
Method. of measurement of loudspeaker sy.tem, and units when supplied with noise signals. 
Minimum requirements for high fidelity audio equipment and systems. Part I: Gener,,1. Part 2: 
Amplifiers. 
29C(C.0.)25: Electro·acoustical performance requirement, for aircraft noise certification 
measurements .. 

10 29C(C.O.)26: Frequency weighting for the measurement for aircraft noise (D-Weightiog). 
11 Consolidated revision of IEC Publications 123 and 179. 
12 Calibration ofhydrophot1es. 

13 Terminology 
14 Supplement to Publication 118 
15 Supplement to Publication 2613·10 
16 Measurement of amplifier mains transformer temperature rise. 
17 Definition of dynamic range at the input of digital signal processing equipment for acoustical measurements. 

Audiometers. 

Note: For particulars of des,gnations in this table, See Table 5. 

BULLETIN PUBLICATION 

DEADLINES 

Members and persons interested in the Society ,md 
acoustics are invited to submit items for publication in 
forthcoming 8ulletin" technical artides, sI10rtertechnical 
notes, brief reporto on current research, news of members· 
and Divisions· activities, letters, or any items of general 

All submissions for publication should be dearly 
legible, and preferably typed with 1% .pacing. Apart from 
Technical Papers tJ"lere are 00 special requirements for the 
formJt Or presentatioo of items submitted for publication. 

Technical papers (article. on technical topics exceed· 
ing about 2000 words) should be typed with 1\1, spacing, 
and include a summary of approximately 150 words. 
Relevant information about the author should also be 
prOVided (approximately 100 words). 

Contributions sI10uld be forwarded to ·'The Bulletin 
of the Australian Acoustical Society, Scie",:e House. 157 
Gloucester Street. Sydnev, 2000··. 

Acceptance deadline' for publication are as follows: 

Volume 4. Numbor 3, Septembor 1976 
Full Tecilnic.1 Papers 6th August 
Other Shorter Items :27thAugust 
Volume 4, Number 4, December 1976 
Full Technical Papers 5th November 
Other Shorter It~ms 26th November 



THE FOUNDATIONS OF ACOUSTICS - BASIC 
MATHEMATICS AND BASIC ACOUSTICS 
Eugen Skudrzyk. 790 pages. Springer·Verlag, Wien and New 
York, 1971. Price$US73.80 

The author believes that the seriousacous1iciantoday 
needs a good understanding of mathematics, dynamics, 
hydrodynamics, physic., s1atistics, signal processing, and 
electrical theory. Since obtaining a background in these 
subjects is so time consuming and laborious, and requires 
the s1udy of many books, he has tried to put much of this 
background information between two covers. The result Is 
a very long and impressive book of almos1 800 pa9'ls, 
including nearly 200 figur..s and well over 1000 references. 

The first twelve chapters (269 pages) deal with intra· 
ductory material: units, complex rlOtation, analytic func 
tions, Fourier analysis, Laplace transforms, integral trans 
forms, integral transforms, correlation analysis, filters, 
probability theory, and signal processing. This introductory 
material comprises almost forty percent of the text pages. 
The remaining sixteen chapters (406 pages) discuss the 
OM·dimensional wave equation; reflection and transmission 
of plane waves; three·dimensional plane waves; sound 
propagation in tubes; spherical waves and sources; the wave 
equation in spherical,cylindrical,andspheriodalcoordinates; 
the Helmholtz Huygens integr~l, the Rubinowicz·Kirchoff 
and Sommerfield theories of diffraction; sound radiation 
from arrays and membranes; Green's Functions of the 
Helmholtz equation; and self and mutual radiation 
impedance. 

Skudrzyk writes with clarity, and takes considerable 
care todeveiopthematerialcarefullyand logically through· 
out, The notation is carefully explained, and symbols are 
defined in the text and are listed at the end of the book. 
The author has striven more for completeness titan for 
brevity, SO thn, in mos1 case., complete derivation; of 
mathematical results are given, with few intermedlate 
steps omitted. Since tlte book is so complete, mos1 readers 
with a reasonable mathematical Dackground should have 
little trouble in following the book through, providing they 
apply sufficient effort. It should be neCi!ssary to use very 
few additional references. Some people may find the 
inclusion of so much background material (the firs1 twelve 
chapters) unnecessary and irksome. This reviewer personally 
did not. The format and treatmant of the material are 
original, although the author draws on a great number of 
sources. Nevertheless, Ihe book reads as an integrated whole. 
The author's knowledge of German has been used in 
including results from a large number of articles and books 
originally written in that language. There are a few 
omissions: the subjects of coherence and s1atist,cal energy 

analysis are not discussed: but, oil the whole, the reviewer 
finds few faults in the work. 

Th,! book is useful for those with a serious interest 
in theoretical acoustics, and it is not for the casual reader. 
Despite its great cost, this reviewer believes that the book is 
an invaluable reference to maintain in a personal acoustics 
library. It should remain as such for many years. 

Reviewed by Malcolm J. Crocker. 

REDUCTION OF MACHINERY NOISE 
(Revised Edition) 
Ed. Malcolm J. Crocker, Purdue University, Wes1 Lafayette, 
Indiana 47907, USA, 1975. X + 365 pp; iIIus; Price: 
US$20.00. 

This book is the pri~ted proceedings of pepers pre' 
sented in two short courses, "Fundamental~ of Noise 
Control, De<: 8·9 1975" and "Reduction of Machinery 
Noise, Dec 10 . 12 1975", held at Purdue University, 

The first twelve d1apters are on the fundamentals of 
noise control. There are seventeen chapters on the reductioll 
of mKhinery noise and four chapters on case histories. 

The d1apters on the fundamentals of noise control 
are obviously meant to gi~e engineers a working knowledge 
of aCOUs1ics in a short space of time. Theoretical treatment 
is therefore minimal. These introductory chapters which 
include acoustical definitions, sound propagation, psycho­
acoustics, instrumentation, vibration, noise control by 
absorption and barriers and n011le legislation are written by 
staff in the Department of Mechanical Engineering, 
Aeronaut,es and Astronautics and AUdiology and Speech 
Sciences at Purdue University. The treatment is precise and 
succinct with adequate referencesgivenforthosewi~hingto 
follow the work in mOre depth. 

In the reduction of machinery noise section, chapters 
are written by an impressive selection of noise control 
practitioners including Baade, Kamperman, Yerges, Diehl 
and Graham. The chapters cover in varying depth noise 
control in fans, compressors, valves, metal forming processes, 
connru<:tion machinery, diesel engines, petrochemical 
facilities and trucks. 

For the practicing engineer the four nOise case his10ry 
chapters proVide a very valuable insight into the investiga· 
tion and control of new noise sources, at the source. The 
book should prove valuable to noise control novices and 
experts alike. Thecoverde,ign is another selling point, being 
as close as one can get to "Visible·Noise". 

Reviewed by Fergus Fricke. 



RECEIVER SOUND CONTROL IN AUDITORIA 

I. J. STAPLETON and F. R. FRICKE 

INTRODUCTION 

The Communication Sy"em 

The process 01 speech commonication in~olves three 
baSic "Iements: the speuch source, the medium through 
which it passes and the speech receiver. The source and the 
receiver are invari.bly respectivcly the human voice.nd eaf 
The medium, which can vary. i< must commonly the 
atmosphere and the rellectingsurfaces in the enclo<ure.ln 
this work we .reconcerned with altering conditions at the 
reCel~er. In order that the receiver mayunderstond a speech 
signal this system mu~t operate in such away as to achieve 
certain criteria. Mo,tbasic"lIy thesyslem mUSI be such thol 
it is possible to convey the frequencies of speech sounds 
The primary spectral distribution of speech ,ound. fall' 
between 200 and 6,400 Hz (Fletcher"). Secondly. sounds 
must be of suitable intensity. It "generally accepted that 
70 dBa re 2 X 10-' N/m' is the optimum volue of Leq for 
speech communicatioll. (At lower levels communication is 
hindered by missing cOIl,onafllsand at h'gher levelstl1e ear 
Lecom~, overloaded by the acuustical energy 01 the VOW1:1 

Thirdly, the level uf the acoustic signals murtbe 
ahnoe that of tli~ ombient noise level. Finally, 
,h()uld not b~ uistorted. ACOlJstica! distortion 

Methods of Improving Speech Intelligibility 



Sound Focussing ~nd Impedance Matcl'lin!l Devices 

EXPERIMENTAL FRAMEWORK 

Th'ec lypesol rellcc(ols Were tested: 

Iho ll,-,t,shown in Flg_ 1 wasconstructedforuseina 
"s heJdrholl~s bnd is henceforth called the 

It consISt, of two semispherical met,,1 
2 head-bond in such a way as to make 

r" sizes possible. Each cupwai 
IT cOLld fit clusely behind the ear. The internal 

IJter successively modified with 

I ~ 
4~--=-£-I-~ 
PLAN I 

I I 

ct()b 
ELEVATION '------ISOmm 

Fig.1. Hf'al,et reflector 

IIII ' II: I I I 
III I 

Fig. 2. Parabolicrefleetor 

ftaquency!Sound Level Tesh and 1he Amplification 
and Masking of Sound 



2.3 Oist.nte/Sound Lc~eI Tests &nd the Proportion of 
Direct and Reverberant Sound at the Ear 

The secol1d Type or "bjective test used w~s designed 
to 1est the ability of a raflector to increase the proportion 
of direct sound reaching the ear. Again uiingthe artificial 
head with iti inbuHt microphone the relationship between 
soundpressllrelevel,withandwithoutrefiec!or,al1ddistance 
ootween head and wurce was measured at thethi,d Dctave 
bands centred on 1,000, 1,600 and 6,300 HZ,atconst8nl 

2,4 ArticulB1ionTe5h 

present in a communication 
system SOUrC~ afld ~ receiver thare was,as 
,veil, a no;,e Ilelore" tr.st commenced the sound 
p'e"Urc le\'els 01 both the nDise and the signal al the 
pOSLT,onolthe,ublectwereind"pendentlys~tatdetermined 

i""pis, r~ndom no<'~ ot 60 dBI\ and signal level so that 
10'( 01 th~ time there was a sound pres~ure le~el of 60 dBA 
or above 

THE PERFORMANCE OF THE REF LECTORS 

Headset Reflecton: Amplification and M.sking 



Fig. 5. 
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AUDIO SPEAKER 
RANOOM NOISE W\1'H OR WITHOUT 

ENCLOSURE 

AUDIO SPEAKER 
WORD LISTS 
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Fig.4. Experimental arr~ngement for articulation tests. 
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Fig.G. Comparison of headset reflecTor results at 
IR.T. ~2.3 ,ecs.) 

range the amplification wasbetween2and 14dB. Both the 
first and second modification increased th~ sound pr.,sure 
level, by more thall 7 dB over half the frequency spectrum; 
th".ein~rea,esb"in9inthemOslusefulpartolthesp9ctrum. 

Most interestingly the modifications have bettered the 
unaltered headset result at the third octave band centred On 
1,000 Hz by ~bout 50% and they have bridged tha trDugl1 
at the third octave band, centred on 1.600 and 2,000 Hz. 

3.2 Parabolic Reflectors: AmplificatiDn and Masking 

In this particul~r series of tests Ihe sound source was 
at 2,500 mm from the head and the reverberation time at 
the third octave band centred on 1,000 Hzwas 1,7 seconds. 
A third octave band Spec1ral-Jnalysis was taken <l number of 
times for the following conditions: no head without <lny 
rsflector, the head with the parabolic reflector and the head 
with the par~bolic reflector of increased curvature. In the 
last condition of increased curvature, itwasno longerpossi' 
ble to place the ears at the focal point, of the reflector. 

The presence of the refleclOrshasa marked effect on 

of 2.5 m dnd 1 malangiesofincidenceofO° and 90° 

the sound pressure receiv€d at the ear Isee Fig. 9) 
At 0° incidence the of both curvatures increase 
the sound level some to 5 dB from Ih~ third octave 
bond centred on 400 Hz to that centred on 1,000 Hz. As 
with Ihe head'et reflector the differences become negative 
around the centre of the spectrum. The effect of the 
different curvatures of the reflector> become' morked in 
the third octave bandshigherthanthatcentredon 1,600 Hz. 

Th~ differences are often negative in the case of the 
reflector of gre"ter curvature_ In the case of the reflector 
at less curvature, with focal point at the entrance to the ear 
canal,quitelargeamplificationsofsoundoccurJJarticularly 
at the highcrfrequencies, 5.5 to 12.5dB in the third octave 
bands above that centred on 4,000 Hz. 

From these results the importance of placingth" ear 
at the focal pOint of su~h p~,"bolic reflector, seems clear. 
At incidence 0' such a reflector will ampflfy the sound 
intenSity over most of the spectrum. At angles of 90° and 
above the reflector also offers conSiderable masking 
properties at the higher frequ.ncy band,. It appears that 



Fig.7. 

,so BOO 

greater curvature will produce greoter masking al lil"se 
angles of incidence. 

ParalJolic and Headset Reflector!: Percentage 
Aniculation Improvament 

'See page 36 fnr Table I 
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Fig. 8. ~~~,~~le~:~YSlS of TWO different modifications to the headset rnflcctor. R.T. ~ 0.7 s~cs. Dislallce ~ 2.000 mm. 
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Fig. 9. Spectral analysis with and without parabolic reflector of five d;tferent angles of incidence. R.T. '" 1.7 secs. 
Di'tance "'2,500 mm. 



DISCUSSION AND CONCLUSIONS 

Ii) Ihs ,igllificallca of the improvement 
(ii) why the reflectors give better re,ult, close to tile 

(iii) wh~t further improvcmem, could be made 

N 
I 

Of------ri------i~----~----~----__ i 
o \000 1000 3000 ~OO() 5000 

Fig.10 Diif€lenCeS le,w~n sound weSlure levels with and without" 150 rnm 
UlSlJrlCe 1,0m source for 1/3-<rctave band centred on 4000 H/ R,T. ~ 0.6 ,ecs 

,~fler.tor, plotted against 



The improvement in speech intelligibility obtained 
suing the reflectors will depend on the conditions existing 
in the room. The subjective tests carried out were for a case 
where the background noise level was high and thesubjact 
was close to the free field of the speech source and the 
noioe sour,ce. In this situation some shielding from the noise 
source and some aplifiCiltion of the source would occur. If 
the subject was well into the diffuse field of the noise and 
speech sources then a smaller increase in speech inlelligi 
bilily would be expected. 

This effecl can best be explained by reference 10 
Fig. 10 which plols the difference in sound lewl a'i measured 
by a 6 mm microphone when placed at the focus of a para· 
bolic refleclor and when used without the reflector. Close 
to Ihesourcelhedifferenceis large because that microphone 
is in the free field and reflector is focussing the sound at the 
miCfophone. further away tf>e microphone is in the diffuse 
field where the fOCIJ!iSed sound-level isle:;sthanlhediffuS2 
sound level. 

Further work needs 10 be done with more subjects 
to determine what improvements in speech intelligibility 
can be eXp<3cted in a range of situations. These wQuld 
include variations in the posilion of the speech source (both 
in distance and direction) and the noioe source, the reber 
beration time and the signal 10 noise ralio. Only when thele 
measurements are availabla will me true significance of the 
present concept be known. NeverthaleiS, We feel confident 

that improved versions of the ref!ecto~ tesled could be 
used 10 improve the performance of many audita ria. Sound 
oontrol, at t.h~ receiver is a viable method of improving 
speech IntelligibIlity. 
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Percentage Articulation Scores 

% Articulation 
Subject 

Parabolic: 32 
htlist 72 " " 60 

56 52 
66 " 

6 Parabolic: 64 70 6 , 2nd list 56 64 6 
8 50 66 16 
9 56 66 " " 56 66 " 

list 3 

11 Headset: 66 62 6 
12 1st list 56 " 4 
13 32 30 2 
14 50 40 " 15 68 62 6 

16 Headset: 56 66 8 
17 2nd list " 66 12 
18 38 42 4 
19 46 62 16 
20 48 6 


