






























































Limitations (relative to the other instruments) intervals from |5’ minutes up to 25 hours (in 15

minute increments).
®  Will not display Ly or Le until analysis complete.

®  Fixed sampling rate. Limitations (relative to the other instruments):
. Cu l distributi i N . " N
umultive distribution only available at electrical ©  Low level input is always Aweighted. Requires
output in digital form (not available in analog form 1 Ktz calibrator
for XY d i y P
e, plotter and cannot be displayed on front ©  Probability and cumulative distributions not available
panel. on front panel display — available at electrical output
METROSONICS dB-602 in digital form only. (Requires 600-05 Analog Inter-
Face option for XY plotter or chart recorder)
Aiditions Fastcwes: ®  Standard sample rate 1 per second. Other rates avail-
100 dB dynamic range wuh 14 dB crest factor. able (32 per sec to 1 every 32 secs) but must be
®  Very large memory, mples. preset.
® Lpto Ly inL, steps <5 percentiles only, must be ©  Only 5 percentiles (or 4 percentiles plus Leq) can be
selected prior to analysis). calculated, and must be selected before analysis
®  Selected percentiles (or L.,) may be displayed pro- commences.
gressively during analysis. ©® No ‘pause’ control to eliminate unwanted data.
®  Four statistical values may be stored at programmed ®  Relatively heavy, 10.4 kg

Australian Acoustical Society
Unconfirmed Minutes of the 5th Annual General Meeting
The 5th Annual General Meeting of the Australian Acoustical Society was held at the Hydro Majestic Hotel, Medlow
Bath, N.SW. on Friday 19th September, 1975.
The meeting was declared open at 6.05 pm
PRESENT: 32 members entitled to vote were present. The President of the Society, Mr. P. R. Knowland was in the chair.
1. Apologies & Proxies

Apoligies were received from Keith Keen and David Hassall.
No proxies were received.

utes of the 4th Annual General Meeting
The meeting was reminded that the minutes of the 4th Annual General Meeting have been published in the Bulletin
Vol. 3 No. 11975 which has been distributed to each member of the Society. Motion “the minutes be confirmed"*

3. Report of Council for year 1974-1975

The President read the report of Council.
Motion “'the report of Council be received”

Davern/Mather
4. Treasurer's Report
Mr. R. Piesse in the absence of the Treasurer reported on the Society's financial position.
Motion “the Treasurer’s report be received"
Rose/Riley

5. Appointment of an Auditor and determination of the Auditor’s remuneration
It was moved by V. Taylor and seconded by G. Pickford that Mr. F. J. Morton of Elanora Road, Elanora, N.S.W.
be appointed the Society’s auditor at a fee not exceeding one hundred dollars.

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

7. Other Business

There was no other business.
The meeting closed at 6.30 pm.




STANDARDS
REPORT

INTERNATIONAL STANDARDS IN ACOUSTICS

R. Nagarajan,

Engineer-Secretary,

Acoustics Standards Committee,
Standards Association of Australia.

Introdu

Acoustics is one of the new areas of technology in
which international standardization is attempting to precede
standardization at the national levels. Considerable interna-
tional effort is being devoted towards the formulation of
International Standards right from the beginning; avoiding
significant differences between national standards (which
are likely to take note of the international work in this
area) thus heading off additional problems arising from these
differences.

The International Standards in Acoustics are dealt
ol Orears t "

o
(1S0) Technical Committee 43, Acoustics, and the
International Electrotechnical Commission (IEC) Technical
Committee 29, Electroacoustics. For details of the work of
these two international standards bodies, which operate in
close liaison with each other (from the same building in
Geneva, in fact) reference is invited to the publication,
“International Standardization and National ~Standards’
Standards Association of Australia, October, 1972 (available
free of cost from the Standards Association of Australia
offices at capital cities and Newecastle).

Work of ISO Technical Committee TC 43, Acoustics

The work of this Technical Committee is related to
all areas in Acoustics, other than Electro-acoustics, which
comes within the scope of IEC Technical Committee 29.
This Technical Committee (TC) is a very active one and is
assisted by three Working Groups (WG) and two Sub-
committees (SC) both assisted by 23 Working Groups (WG).
The scope and extent of coverage of subjects is seen from
the structure of ISO TC 43 given in Table 1

TC 43 assisted by the subcommittees and working
groups listed in Table 1 has published a number of Standards
(earlier known as Recommendations) and Technical Reports
listed in Table 2, which are available for sale from the
Headquarters of the Standards Association of Australia.

TC 43 is also currently engaged in studying a large
number of prospects, which are in various stages of progress
and these are listed in Table 3.

Work of 1EC Technical Comi

ee TC 29, Electro-Acoustics

The structure of IEC Technical Committee TC 29,
Electro-acoustics, is given in Table 4,

The list of IEC Publications of IEC TC 29 and its sub-
committees is given in Table 5.

The list of prospects being handled, including some
nearing publication by IEC 29 is given in Table 6.

Australian Position
The foregoing discussion demonstrates that a con-
Siderable number of internationsl standards an acoustics
have already been published and a larger number are
currently in preparation. There appears to be a vast demand
for international standards. The Acoustics Standards
Committee of the Standards Association of Australia is
seeking to ensure that the work in the international field is
fully taken into account in the development of Australian
Standards. Technic: ces between international
standards and Australion standards should be avoided and
effectively

andardization activity, so that Austalan interests and
vlewpmn(s are accommodated during the formulation
international standards.

How can we ensure that Australian viewpoints and
interests are taken care of in the preparation of international
standards? It is only through correspondence and communi-
cation of comments at the early committee drafting stages
and participation by Australian representatives attending
the Technical Committee, Subcommittee and Working
Group meetings (which are usually held in Europe) that we
can attempt this objective. The vast distance between
Europe and Australia however often prevents attendance
by Australian representatives in required strength at these
memngs,

't may however be noted that Dr. Carolyn Mather,
medem of the Australian Acoustical Society, and some
other members of the Society are attending meetings of
1SO TC 43 and IEC TC 29, and Mr. J. A. Irvine who is
presently in Europe, has been requested to attend the
forthcoming meetings of ISO TC 43/SC2, Building Acoustics,
10 be held in Paris in June 1976. At present the Standards
Association of Australia _distributes draft international
standards at various committee stages to various sectors of
industry, government departments, universities and consult-
ants (most of whom are members of the Acoustical Society)
for comments. It is a matter of regret that the percentage of
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persons communicating comments on most of the docu-
ments to the Standards Association of Australia is only
between 10 to 15 percent. Very few persons really find time
to study the above international draft standard documents
carefully and pass on comments duly supported by labora-
tory or field data. Only by sizeable contribution of com-
ments on draft_documents can we make a significant
Aus
stanﬂards 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.

Australian Standards. Furthermore, 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 resources for preparation of
standards is advamageuuslv utilised for optimum overall
efficiency and econom!

General

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 specific area considered
in this article, are requested to contact Mr. R. Nagarajan

The Acoustics Standards Committee of the Standards
Association of Australia considers that in a large number of
cases, it is worthwhile to wait for international standards to
fully develop before we start our own preparation of

at the Headquarters Office of the Standards Association of
Australia in North Sydney (Telephone 02 9296022) or
Mr. R. K. Profitt at the Melbourne Offices in Parkville
(Telephone 03 3477911).

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

SECRETARIAT

TC | sc |we TITLE OR CONVENOR
43 Acoustics Denmark
1 | Normal threshold of hearing Denmark

Acoustical reference quant
3 | Techniques for audiometry

Denmark
Netherlands

1 Noise Denmark
2 | Noise from aircraft Denmark
3 | Noise from heating, ventilating and air conditioning equipment Germany
5 | Noise emitted by ships and railways and noise inside vehicles Germany
6 | Measurement of sound emitted by machinery and equipment
7 | Noise assessment with respect to speech communication France
8 | Noise emitted by road vehicles France
9 | Noise from compressors, pneumatic tools and pneumatic machines Sweden

10 | Noise from earth moving equipment
11 | Assessment of sound quality

12 | Measurement of speech intelligibility UsA
13 | Noise emitted by rotating electrical machines Germany
14 | Noise from gas turbines Belgium
15 | Assessment of fluctuating noise South Africa
16 | Quantities for digital and hybrid/analogue processing of acoustic
signals -
17 Measurement of sound attenuation of ear protectors Denmark
2 Building acoustics Germany
1 Plumbing noise Netherlands
2 | Revision of ISO/R 140 Germany
3 Reduction of impact sound transmission by floor finishes France
4 | Sound insulation of windows and doors Germany
5 | Rating of sound insulation for buildings and building elements
6 | Measurement of sound insulation of suspended ceilings -




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

NO.| DESIGNATION TITLE OF THE STANDARD/TECHNICAL REPORT
1 [ 150/R 16-1965  [Standard tuning frequency (Standard musical pitch)
2 | 1SO/R 131-1959  [Expression of the physical and subjective magnitudes of sound or noise
3 | 1SO/R 140-1960 Field and laboratory measurements of airborne and impact sound transmi
4 | I1SO/R 226-1961  [Normal equal-loudness contours for pure tones and normal threshold of heznng under
free field listening conditions
5 | ISO/R 266-1962 Preferred frequencies for acoustical measuremem
6 | 1SO/R 354-1963 of absorpt om
7| 1S0/R 3571963 | Ewpresion of the power and intensity evels f sound or noie
8 | I1SO/R 362-1964 Measurement of noise emitted by vehicles
9 | 130/R 3891964 |Standard roference s6ro for the caliration of pure-tone audiometers
10 | ISO/R 454-1965 | Relation between sound pressure levels of narrow bands of noise in a diffuse field and in
a frontally-incident free field for equal loudness
11 | 1S0/R 4951966 [ General requirements for the preparation of test codes for measuring the noise emitted
by machines
12 | I1SO/R 507-1966 | Procedure for describing aircraft noise around an airport, 2nd Edition
13 | 1SO/R 532-1966 | Method for calculating loudness level
14 | 1SO/R 717-1968  |Rating of sound insulation for dwellings
15 | ISO/R 1680-1970 [ Test code for the measurement of the airborne noise emitted by rotating electrical
machinen
16 | 1SO/R 1761-1970 [ Monitoring aircraft noise around an airport
17 | 1SO/R 1996-1971 |Acoustics — Assessment of noise with respect to community response
18 | I1SO/R 1999-1971 | Acoustics — Assessment of occupational noise exposure for hearing conservation
purposes
19 | 1502204-1973  [Acoustics — Guide to the measurement of airborne acoustical noise and evaluation of its
effects on man
20 | 1502249-1973 | Acoustics — Description and measurement of physical properties of sonic boom:
21 | 150/TR 3352.1974 | Acoustics — Assossment of noise with respoct 10 1ts Ffect on the intaligibilty of speech
TABLE 3. 1SO TC 43 PROJECTS IN HAND
NO. TITLE OF THE PROJECT IN HAND
1| Dstermination of sound power levets o noisssources — Precison methads for iscrte-requancy and
narrow-band sound sources operating in reverberation rooms. (To be published as 1SO 3742.)
2 | Determination of sound power levels of noise sources — Engineering methods for spe:m\ revevheram test
rooms (To be published as 1SO 3743.)
3 | Determination of sound power levels of noise sources — Engineering methods for free-field conditions over
a eflecting plane. (To be published as ISO 3744.)
4 | Determination of sound power levels of noise sources — Precision methods for anechoic and semi-anechoic
rooms. (To be published as SO 3745.)
5 | Determination of sound power levels of noise sources — Survey method
6 | Measurement of sound transmission from room to room by shafts and ducts
7 | Laboratory tests on noise emission by appliances and equipment in water supply installations.
Part I: Method of measurement
8 | Laboratory tests on noise emission by appliances and equipment in water supply installations. Part I1:
Mounting and operating conditions of draw-off taps
9 Laboratory tests on noise emission by appliances and equipment in water supply installations.
Part I11: Mounting and operating conditions of in-line valves and appliances
10

Measurement of sound insulation in buildings and of building elements. (Revision of ISO R140 and its
Parts.)

Part I: Requirements for laboratories.

Part I1: Statement of precision methods for ination of the sound ission loss of
suspended ceilings

Part : Laboratory massursments of siborne saund insulation of bulding slemencs.

Part IV: Field measurements of airborne sound insulation between

Part V- Fisld moasurement of irborne sound insulation of acads elements and facades

Part VI: Laboratory measurements of impact sound insulation of floors.

Part VII: Field measurements of impact sound insulation of floors

Part VIII: Laboratory measurements of the reduction of transmitted impact noise by floor coverings on a
standard floor.




TABLE 3 (cont). 1SO TC 43 PROJECTS IN HAND

NO. TITLE OF THE PROJECT IN HAND
11| Preferred reference quantities for acoustic levels
12 | Measurement and description of noise inside aircraft
13 | Determination of flow resistance of materials used for acoustic purposes in buildings
14| Measurement of noise from light aircraft
15 | Measurement of noise from VTOL and STOL aircraft
16 | Calibration and characteristics of the reference sound source
17 | Measurement of airborne noise emitted by pneumatic tools and machines — Engineering method for
determinination of sound power levels
18 | Measurement of airborne noise emitted by compressor units including primemovers — Engineering method
for the determination of sound 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
22 | Measurement of speech intelligibility
23 [ Revision if ISO/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 as sound pressure levels in an artificial ear
26 | Threshold of hearing as a function of age
27 | Pure tone audiometry
28 | Revision of ISO/R 1680 — Test code for the measurement of the airborne noise emitted by rotating
electrical machinery
Noise from gas turbines
29 | Assessment of fluctuating noise
30 | Code for noise classification of pneumatic equipment for construction sites
31 | Report on noise classification of machines
32 | Procedure for describing aircraft noise heard on the ground
33 | Methods for single number rating of sound insulating for buildings and building elements, including revision
of ISO/R 717
34 | Examination of ISO/R 354 “Measurement of absorption coefficients in a reverberation room* concerning
the transformation to an Interational Standard
35 | Designation of sound power emitted by machinery and equipment
36 | Measurement of sound pressure levels
37 | Measurement and characterization of noise radiation by structural components that are not an integral
part of a machi
38 | Quantities to be specified for acoustic signal processing by hybrid digital/analogue system
39 | Measurement of sound attenuation of hearing protectors
40 | Determination of airborne noise emitted by civil engineering equipment for outdoor use
41 of noise from ing internal ion engines
42 | Noise classification and labelling of equipment and macl
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
Tc| sc TITLE SECRETARIAT
29 Electro-acoustics Netherlands
$C298 | Audio-engineering Netherlands
SC29C | Measuring devices France
SC29D | Uttrasonics USSR




TABLES. LIST OF PUBLICATIONS OF IEC TC 29

DESIGNATION TITLE

89 (1957)" Recommendations for the characteristics of audio apparatus to be specified for application
purposes

90 (1973) Dimensions of plugs for hearing aids.

118 (1959) methods for of the el ical of hearing-
aids
Amendment No. 1(1973).

123 (1961) Recommendations for sound level meters.

124 (1960) Recommendations for the rated impedances and dimensions of loudspeakers.

126 (1973) IEC reference coupler for the measurement of hearing aids using earphones coupled to the ear
by means of ear inserts.

150 (1963) Testing and calibration of ultrasonic therapeutic equipment.

177 (1965) Pure tone audiometers for general diagnoistic purposes.

178 (1965) Pure tone screening audiometers.

179 (1973) Precision sound level meters.

179A (1973) First supplement of Publication 179 (1973).

184 (1965) Methods for specifying the characteristics of electro-mechanical transducers for shock and
vibration measurements.

200 (1966)* Methods of measurement for loudspeaker

222 (1966) Methods for specfying the characteratcs of ausilay equipment for shock and ibration
measurement.

224 (1966) Marking of control settings on hearing aids.

225 (1966) Octave, half-octave and third-octave band filters intended for the analysis of sounds and

263 (1968)
268:

268-1 (1968)
268-1A (1970)
268-18 (1972)
268-1(1971)
268-3 (1969)
268-3A (1970)
268-4 (1972)
2685 (1972)
2686 (1971)
268-8 (1973)
268-14 (1971)
268-14A (1973)

vibrations.

Scales and sizes for plotting frequency characteristics.
Sound system equipment.

Part 1. General

First supplement of Publication 268-1 (1968).
Second supplement to Publication 268-1 (1968).

Part 2. Explanation of general terms.
Part 3. Sound system amplifiers.
F.m supplement to Publication 268-3 (1969).
rtd. Microphones.
Pan 5. Loudspeakers.
Part 6. Auxiliary passive elements
Part 8. Automatic gain control devices.
Part 14, Mechanical design features.

First supplement to Publication 268-14 (1971)

303 (1970) 1EC provisional reference coupler for the calibration of earphones used in audiometry.

318 (1970) An IEC artificial ear, of the wide band type, for the calibration of earphones used in audiometry.

327 (1971) Precision method for pressure calibration of one-inch standard condenser microphones by a
reciprocity technique

373 (1971) An IEC mechanical coupler for the calibration of bone vibrators having a specified contact area

and being applied with a specified static force.

402 (1972) Simplified method for pressure calibration of one-inch condenser microphones by the
reciprocity technique.

486 (1974) Precision method for free-field calibration of one-inch standard condenser microphones by the
reciprocity technique.

500 (1974) 1EC standard hydrophone.

1 is publcaion s bee supersaded by Publcation 263

2 This

3 been superseded by Publicaion 263-14 (1971).

3 This publication hos been supersoded by Publication 268.5 119




TABLE 6. LIST OF PROJECTS BEING HANDLED BY IEC 29.

DRAFTS IN VARIOUS STAGES

1 Measurement of the characteristics of hearing aids with induction pick-up coil input — 29 (C.0.) 101.

2 Second edition of Publication 263: Scales and sizes for plotting frequency characteristics and polar
diagrams — 29(C.0.)102

3 Publication 268-3: Second supplement, modifications and additions.

4 Publication 268-7: Headphones and headsets.

5 Publication 268.9: Artificial reverberation, time delay and frequency shift equipment.

6 Publication 268-15: Preferred values for th f sound system

7 Methods of measurement of loudspeaker systems and units when supplied with noise signals.

8  Minimum requirements for high fidelity audio equipment and systems. Part I: General. Part 2:
Amplifiers.

9 29C(C.0.25: El ical pe for aircraft noise
measurements..

10 29C(C.0.)26: Frequency weighting for the measurement for aircraft noise (D-Weighting).
11 Consolidated revision of IEC Publications 123 and 179.

12 Calibration of hydrophones.

SUBJECTS UNDER CONSIDERATION:

13 Terminology
14 Supplement to Publication 118
15 Supplement to Publication 268-10.

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 designations in this table, see Table 5.

BULLETIN PUBLICATION
DEADLINES

mbers and persons interested in the Society and
acoustics are invited to submit items for publication in
forthcoming Bulletins: technical articles, shorter technical
notes, brief reports on current research, news of members’
and Divisions' activities, letters, or any items of general
interest to members.

All submissions for publication should be clearly
legible, and preferably typed with 1% spacing. Apart from
Technical Papers there are no special requirements for the
format or presentation of items submitted for publication.

%

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

Contributions should be forwarded to “The Bulletin
of the Australian Acoustical Society, Science House, 157
Gloucester Street, Sydney, 2000

Acceptance deadlines for publication are as follows:

Volume 4, Number 3, September 1976
Full Technical Papers

Other Shorter Items.

Volume 4, Number 4, December 1976
Full Technical Papers.

Other Shorter Items

6th August
27th August

5th November
26th November



THE FOUNDATIONS OF ACOUSTICS — BASIC
MATHEMATICS AND BASIC ACOUSTICS

Eugen Skudrzyk. 790 pages. Springer-Verlag, Wien and New
York, 1971. Price SUS73.80.

The author believes that the serious acoustician today
needs a good understanding of mathematics, dynamics,
hydrodynamics, physics, statistics, signal processing, and
electrical theory. Since obtaining a background in these
subjects is so time consuming and laborious, and requires
the study of many books, he has tried to put much of this
background information between two covers. The result is
2 very long and impressive book of almost 800 pages,
including nearly 200 figures and well over 1000 references.

The first twelve chapters (269 pages) deal with intro-
ductory material: units, complex notation, 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
one-dimensional wave equation; reflection and transmission
of plane waves; three-dimensional plane waves; sound
propagation in tubes; spherical waves and sources; the wave

'on 1n tubes; sphetical ; ©

the Helmholtz Huygens integral, 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 to develop the material carefully and 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 than for
brevity, so that, in most cases, complete derivations of
mathematical results are given, with few intermediate
steps omitted. Since the book is so complete, most readers
with a reasonable mathematical background should have
little trouble in following the book through, providing they
apply sufficient effort. It should be necessary to use very
few additional references. Some people may find the
inclusion of so much background material (the first twelve
chapters) unnecessary and irksome. This reviewer personally
did not. The format and treatment of the material are
original, although the author draws on a great number of
sources. Nevertheless, the 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 statistical energy

analysis are not discussed; but, on the whole, the reviewer
finds few faults in the work

This 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, West Lafayette,
Indiana 47907, USA, 1975. X + 366 pp; illus; Price:
US$20.00.

This book is the printed proceedings of papers pre-
sented in two short courses, “Fundamentals of Noise
Control, Dec 8 - 9 1975" and “Reduction of Machinery
Noise, Dec 10 - 12 1975”, held at Purdue University.

The first twelve chapters are on the fundamentals of
noise control. There are seventeen chapters on the reduction
of machinery noise and four chapters on case histories.

The chapters on the fundamentals of noise control
are obviously meant to give engineers a working knowledge
of acoustics in a sharl space of time. Theoretical treatment
is therefore . These introductory chapters which
include acous cal dehmtmns sound propagation, psycho-
acoustics, instrumentation, vibration, noise control by
absorption and barriers and noise legislation are written by
staff in the Department of Mechanical Engineering,
Aeronautics and Astronautics and Audiology and Speech
Sciences at Purdue University. The treatment i precise and
succinct with adequate references given for those wishing to
follow the work in more depth.

In the reduction of machinery noise section, chapters

practitioners including Baade, Kamperman, Yerges, Diehl
and Graham. The chaptars cover in varying depth noise
control in fan: al

construction machinery, diesel engines, petrochemical
facilities and trucks.

For the practicing engineer the four noise case history
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. The cover design is another selling point, being
as close as one can get to “Visible-Noise”.

Reviewed by Fergus Fricke.




RECEIVER SOUND CONTROL IN AUDITORIA

1. J. STAPLETON and F. R. FRICKE

SUMMARY

The concept of ‘sound control at the receiver” in auditoria is examined as a method
of improving speech intelligibility. Two reflectors were tested and it was found that
articulation index scores could be increased by up to 8%.

1. INTRODUCTION

In recent years many investigations have been carried
out with the purpose of improving speech communication
in enclosures. Such investigations have generally been con-
cerned with improving the signal (see for sample Haas and
developments in sound amplification systems for example
Klepper® and Parkin and Morgan® and reducing the back-
ground noise (see Lochner and Burger®

Improvement of communication, by altering condi
tions at the receiver, appears to be a neglected field but one
worthy of more attention (as in noise control work where
the receiver is an important consideration). This paper
outlines the results of some tests done with the aim of
determining the order of speech communication improve-
ment possible by the use of various sound focussing and
impedance matching devices in the vicinity of the ear
(variations on the theme of an ear trumpet).

1.1 The Communication System

e process of speech communication involves three
basic elements: the speech source, the medium through
which it passes and the speech receiver. The source and the
receiver are invariably respectively the human voice and ear.
The medium, which can vary, is most commonly the
atmosphere and the reflecting surfaces in the enclosure. In
this work we are concerned with altering conditions at the
receiver. In order that the receiver may understand a speech
signal this system must operate in such a way as to achieve
certain criteria. Most basically the system must be such that
it is possible to convey the frequencies of speech sounds.
The primary spectral distribution of speech sounds falls
between 200 and 6,400 Hz (Fletcher®). Secondly, sounds
must be of suitable intensity. It is generally accepted that
70 dBa re 2 x 10°° N/m’ is the optimum value of Leq for
speech communication. (At lower levels communication is
hindered by missing consonants and at higher levels the ear
becomes overloaded by the acoustical energy of the vowel
sounds.) Thirdly, the level of the acoustic signals must be
sufficiently above that of the ambient noise level. Finally,
the sounds should not be distorted. Acoustical distortion
occurs when the relative amplitudes of the frequency com-
ponents of a sound are altered. To date there appears to be
no generally accepted criteria against which to measure
such distortion in speech, though the reverberent charact-
eristics of the room give some measure of this.
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1.2 Methods of Improving Speech Intelligibility

The quality of the source, the medium and the
receiver are all critical in achieving the criteria outlined in
1.1. Any one of them may cause a breakdown in communi-
cation by adversely affecting one or more of these speech
characteristics. The speaker may talk too softly or indis-
tinetly, the noise in the auditorium may be too high, the
receiver may not be listening or he may be deaf and so on.
A speaker and his audience, t extent, can adjust them-
selves to obtain optimum intelligibility. The speaker can
speak more loudly and pronounce his words more carefully
and the audience can listen more attentively whilst at the
same time making as little noise as possible. If, nevertheless,
intelligibility difficulties occur, a number of techniques are
widely available to overcome them.

he most basic technique is to design o redesign the
audllcnum for good acoustics. In this process the various

iteria mentioned above are translated into quite explicit
mles about the shape, size and make up of the auditorium
(Moore®). The distance to the rear seats should be minim-
ised, the seats should be raked or the speaker elevated, large
surfaces near, above and in front of the source should be
used as reflectors of sound, other surfaces that may cause
echoes or near echoes should be of absorbent or dispersive
materials, concentration of sound by curved surfaces should
be avoided as should sound shadows and standing waves,
and the auditorium should be insulated from the penetration
of external noise. Whilst there is some variation according
to enclosure volume, a Reverberation Time of % - 1 second
is generally considered optimum. In order that this rever-
beration be of good quality the Early Decay Time should
be less than the Reverberation Time and the Inversion
Index less than one.

If the acoustics of an auditorium do prove inadquate,
e.g. because of other constraints on the design, speech
intelligibility may be improved by electronic sound rein-
forcement. Often, however, the expense and inconvenience
of electronic amplification is not warranted for the few
seats where the intelligibility of speech is not adequate and
the few people who have hearing deficiencies. There is of
course, always the possibility of using hearing aids though
even these will be of little use if the signal to noise ratio
is low.




1.3 Sound Focussing and Impedance Matching Devices

The aim of this paper is to evaluate some additional
methods of improving speech intelligibility at the receiver’s
ear, namely the effect of various mechanical reflectors and
impedance matching devices on the reception of speech.
Such devices which, for the sake of convenience shall be
called reflectors, justify such a course of investigation, as
they are capable of increasing the intensity of a signal and
reducing the ambient noise level heard by the receiver. The
devices are intended to be part of the seating, though for
convenience, some were fixed to the head in the present
experiments.

2. EXPERIMENTAL FRAMEWORK

A number of types of reflectors were constructed.
All were subsequently modified in various ways as tests on
their effectiveness proceeded. The tests were of three
general types, two of which were objective and one sub-
jective. The first involved measuring sound pressure level
improvements due to the use of a reflector over a number
of frequency bands. The second test involved measuring
such sound pressure level improvements over a number of
different distances. The third measured the i in
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articulation scores due to the use of a reflector.

2.1 The Reflectors
Three types of reflectors were tested:

t, shown in Fig. 1 was constructed for use in a
similar way as headphones and is henceforth called the
headset reflector. It consists of two semispherical metal
cups attached to a head-band in such a way as to make
adjustment to different head sizes possible. Each cup was
cut away so it could fit closely behind the ear. The internal
shape of this reflector was later successively modified with
modelling clay and plaster in an attempt to improve its
performance.

The second reflector type is shown in Fig. 2. It was of
parabolic form (focal length of 100 mm) and was construct-
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——50mm

Fig. 1. Headset reflector

ig. 2. Parabolic reflector
ed of formicasheet. A spacer was placed at the vertex of the
curve so that the reflector had two foci, one at each ear,
when the head rests on the surface at the back of the
reflector.

The third type of reflector tested, was of a horn shape.
Two such reflectors were fabricated of fibre glass using
horn speakers as moulds. Discussion of this type will not

e made in this pa

exhibit acceptabil

to ignore the possible benefits of the use of such reflectors.

2.2 Frequency/Sound Level Tests and the Amplification

and Masking of Sound

The first of the tests was designed to give an indication
of the effect of the reflector on both a signal and back-
ground noise. An artificial head complete with ears was
fabricated from plaster and a 6 mm microphone incorpor-
ated in the entrance to the ear canal. Third octave band
spectral analyses were made, with and without the reflector,
of random noise from a source of fixed output, at a fixed
distance, rotated through angles of incidence 0°, 45°, 90°,
135° and 180°, at a constant reverberation time. Figure 3
summarises the test procedure.

At any angle of incidence 0° (directly in front) to
180° (directly behind the head), the source of random
noise can be considered either a noise or a signal and its
effect gauged. At 0° incidence it is helpful to consider it as
a signal. We can see the effect of the reflector on each third
octave band between that centred on 250 Hz and that
centred on 10,000 Hz. We can determine whether the
reflector is masking or amplifying at any third octave band
at any angle and so determine the usefulness of that reflec-
tor at that angle.

2
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Fig.3.  Experimental arrangement for sound level
tests

2.3 Distance/Sound Level Tests and the Proportion of
Direct and Reverberant Sound at the Ear

The second type of objective test used was designed
to test the ability of a reflector to increase the proportion
of direct sound reaching the ear. Again using the artificial
head with its inbuilt microphone the relationship between
sound pr ith and without
between head and source was measured at the third octave
bands centred on 1,000, 1,600 and 6,300 Hz, at constant
reverberation time.

24 Articulation Tests

Whilst the former tests are likely to give good indica-
tions of the relative benefits of each reflector, results from
articulation tests are desirable to be sure that improvements
in sound pressure levels are not offset by intelligibility losses
due to distortion.

The articulation tests were carried out as shown in
Figure 4. This arrangement, to an extent, simulated the
conditions that are generally present in a communication
system: besides a signal source and a receiver there was, as
well, a noise source. Before a test commenced the sound
pressure levels of both the noise and the signal at the
position of the subject were independently set at determined
levels, random noise at 60 dBA and signal level so that
10% of the time there was a sound pressure level of 60 dBA
or above.

EY

Each test took the following form. A group of ten
subjects listened to two phonetically balanced (PB) word
lists each of fifty monosyllables and wrote down the words
they heard above the background of random noise. Half the
subjects used the reflector on the first word list, the other
half on the second. Such a procedure enabled an allowance
to be made in the results for the combined effect of differ-
ences in the word lists and familiarisation of the subject
with the test situation and so on. It was then possible to
arrive at the order of percentage articulation improvement
due to the presence of the reflector.

3. THE PERFORMANCE OF THE REFLECTORS

3.1 Headset Reflectors: Amplification and Masking

Figure 5 graphs the results of the first set of sound
level tests on the headset reflector. Each graph represents
a different angle of incidence of sound received at the
microphone placed in the ear. In this particular series of
tests the sound source remained 2,500 mm from the head
and the reverberation time was 2.3 seconds at the 1/3
octave band centred on 1,000 Hz.

Considering the above, it can be seen that when the
source of random noise is directly in front, the pressure of
the reflector changes the sound level spectrum quite
markedly. Sound intensity is being increased from the 1/3
octave band centred on 250 Hz to that centred on 1,250 Hz,
decreased from the 1/3 octave band centred on 1,600 Hz
to that centred on 2,000 Hz and again increased from the
1/3 octave band centred on 2,500 Hz to that centred on
10,000 Hz. At other angles of incidence the low frequency
levels were also increased using the headset while a small
degree of attenuation (up to 5 dB) was obtained at the
higher frequencies at angles greater than 45°.

The rather constant response over most angles of
incidence indicates that the head was in the diffuse sound
field of the room. One might expect improved masking,
particularly at the higher angles of incidence, if the head
was brought into the free field. In another test of a similar
nature the distance between the source and the head was
reduced to 1,000 mm.

At 1,000 mm the difference between results with and
without the headset become more distinct (see Fig. 6).
This is especially so at the higher frequencies. At lower
frequencies, the movement is far less marked. These results
suggest that the headset may be resonating at the lower
frequencies. The increased differences at the higher fre-
quencies can be explained in terms of an increased propor-
tion of direct sound reaching the head (see Fig. 7).

The semispherical shape of the surfaces of the headset
reflector are, as stated earlier, by no means the most ideally
suited to the collecting of lent sound. The headset was
modified and further tests made at 0° angle of incidence.

The reverberation time was 0.7 seconds at the third
octave band centred on 1,000 Hz and the head was 2,000 mm
from the source of random noise. The results that these
modifications achieved, as shown in Figure 8, whilst not
comparable to the previous tests are quite dramatic. In the
first modification amplifications of between 3 and 16 dB
were recorded. In the second modification over the sama
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range the amplification was between 2 and 14 dB. Both the
first and second modification increased the sound pressure
fevels by more than 7 dB over half the frequency spectru
these increases being in the most useful part of the spectrum.
Most interestingly the modifications have bettered the
unaltered headset result at the third octave band centred on
1,000 Hz by about 50% and they have bridged the trough
at the third octave bands centred on 1,600 and 2,000 Hz.

3.2 Parabolic Reflectors: Amplification and Masking

In this particular series of tests the sound source was
at 2,500 mm from the head and the reverberation time at
the third octave band centred on 1,000 Hz was 1.7 seconds.
A third octave band spectral-analysis was taken a number of
times for the following conditions: no head without any
reflector, the head with the parabolic reflector and the head
with the parabolic reflector of increased curvature. In the
last condition of increased curvature, it was no longer possi-
ble to place the ears at the focal points of the reflector.

The presence of the reflectors has a marked effect on
£

the sound pressure levels received at the ear (see Fig. 9).
At 0° incidence the reflectors of both curvatures increase
the sound level some 2.5 to 5 dB from the third octave
band centred on 400 Hz to that centred on 1,000 Hz. As
with the headset reflector the differences become negative
around the centre of the spectrum. The effect of the
different curvatures of the reflectors becomes marked in
the third octave bands higher than that centred on 1,600 Hz.

The differences are often negative in the case of the
reflector of greater curvature. In the case of the reflector
at less curvature, with focal point at the entrance to the ear
canal, quite large amplifications of sound oceur particularly
at the higher frequencies, 5.5 to 125 dB in the third octave
bands above that centred on 4,000 Hz.

From these results the importance of placing the ear
at the focal point of such parabolic reflectors seems clear.
At incidence 0° such a reflector will amplify the sound
intensity over most of the spectrum. At angles of 90° and
above the reflector also offers considerable masking
properties at the higher frequency bands. It appears that
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greater curvature will produce greater masking at these
angles of incidence.

33 Parabolic and Headset Reflectors: Percentage

Articulation Improvement

Table 1'shows the unadjusted percentage articulation
scores for both reflectors tested.

The use of two modes in each of the reflector tests
makes it possible to calculate, in each case, the average
improvement due to differences in the list difficulty,
familiarisation and so on. There appears to be a larger diff-
erence in difficulty between lists 1 and 2 than there is
between 3 and 4 since it is unlikely that the subjects of the
parabolic reflector tests adapted to the test situation any
quicker than those of the headset tests.

In the first mode, when the reflector was used with
the first word list in the test, the above factors reduced the
articulation improvement by a certain amount. In the second
mode the same factors increased the articulation improve-
ment by an equal amount. The simple relationship exists:
the higher average percentage score less an adjustment
factor is equal to the lower average percentage score plus
that same factor. Put another way :

distance. R.T. at 1000 Hz 1/3-octave -
band. Adjustment factor = mghnrav:ra]:z lower average
*See page 36 for Table I.
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The adjustment factor for the headset reflector and
parabolic reflector tests come to 2.0% and 3.4% respectively.
Hence for the twenty subjects tested the adjusted average
percentage articulation improvement for the headset was
7.6% and for the parabolic reflector 6.6%.

It is worth noting the subjective reactions to the use
of these reflectors. Of the ten subjects who used the modi-
fied headset all but one said it had helped them. The other
considered reception no better. Of the ten subjects who
used the parabolic reflector only two thought it had helped,
one thought it had hindered and the remainder considered
it neither helped nor hindered.

DISCUSSION AND CONCLUSIONS

It is obvious from the subjective and objective tests
carried out that the reflectors tested can increase the signal,
decrease the level of masking and improve intelligibility of
speech. At this stage we should indicate

(i) the significance of the improvement
(i) why the reflectors give better results close to the

(i) what further improvements could be made

‘The subjective tests were carried out using ten subjects
for each reflector and the difference in scores was large (see
Table 1). Thus the statistical significance of these results is
low [Pr(x* > 11.6lv = 9) = 0.25 and Prix* >15.2lv=9)
2 0.1 for the parabolic reflector and headset, respec-
tively].. If the aberage improvement in articulation index is
taken as 7.6 and 6.6 (as indicated earlier) for the headset

syllable words as follows: 75% satisfactory, 85% good,

96% excellent. The improvements of the order achieved by

the headset and parabolic reflectors would thus often be

sufficient to push scores into higher intelligibility ratings;
i o

an excellent

g side issue that emerged from the
subjective tests was that some subjects scored twice as well
as others. This phenomenon was also noted by Carter and
Farrant® when testing aircrew. The reason is nothing to do
with hearing auity but rather i due to inherent personal
abilities to perceive speech in a noisy environment, which
makes the specification of acceptable spesch intrferencs
levels somewhat dubious.
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2x 10°® N/m? )

SOUND PRESSURE LEVEL DIFFERENCES AT

( dB re

=~
0 1000

DISTANCE (mm)

T T ™
3000 4000 5000

Fig. 10. Differences between sound pressure levels with and without a 150 mm 3 D parabolic reflector, plotted against

distance from source for 1/3-octave band centred on 4000 Hz. R.




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 the subject
was close to the free field of the speech source and the
noise source. In this situation some shielding from the noise
source and some aplification 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 intelligi-
bility would be expected.

This effect can best be explained by reference to
Fig. 10 which plots the difference in sound level as measured
by a 6 mm microphone when placed at the focus of a para-
bolic reflector and when used without the reflector. Close
to large because that

is in the free field and reflector is focussing the sound at the
microphone. Further away the microphone is in the diffuse
field where the focussed sound level is less than the diffuse
sound level.

Further work needs to be done with more subjects
to determine what improvements in speech inmlllq\’bilitv
can be expected in a range of situations. These would
include variations in the position of the speech source (bmh
in distance and direction) and the noise source, the reber-
beration time and the signal to noise ratio. Only when these
measurements are available will the true significance of the
present concept be known. Nevertheless, we feel cont

that improved versions of the reflectors tested could be
used to improve the performance of many auditoria. Sound
control at the receiver is a viable method of improving
speech intelligibility.
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TABLE | Percentage Articulation Scores
% Articulation
Subject Reflector
List 1 List2 Diff.
1 Paraboli 32 32 0
2 st I 72 70 2
3 64 60 4
4 56 52 4
5 66 60 6
6 Parabolic: 64 70 6
7 2nd list 56 64 8
8 50 66 16
9 56 66 10
10 56 66 10
List3 List4. Diff.
1 Headset: 68 62 6
12 1t list 58 54 4
13 32 30 2
14 50 40 10
15 68 62 6
16 Headset: 58 66 8
17 2nd list 54 66 12
18 38 a2 a
19 46 62 16
20 a8 56 8




